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0.1 Cross Rection Results



0.1.1 results for do/dpr, |y| : (0,2)



Figure 1: T(1S) cross section results, for do/dpr, |y| : (0,2)
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Table 1: Y(1S) cross section results, for do/dpr |y| < 2, relative uncertainty in
%.

pr(GeV/e) o stat./o > /o Ac/o | HXT HXL CST CSL
0-30 737 L8 8(6) 14(13) | +16 22 +13 16
0—1 030 8 10(7)  17(15) | +16  -22  +17  -23
1-2 090 5 9(6)  15(14) | +16 20 419 24
2-3 104 5 8(6)  14(13) | +15 20 419 24
3-4 08 6 9(7)  15(14) | +18  -23 418 -23
4-5 090 6 8(6)  15(14) | +18 23 +16  -21
5-6 082 6 8(6)  15(14) | +17  -23 413 -19
6-7 064 T 8(5)  15(14) | +17  -22 411 -16
7-8 051 7 8(6) 15(14) | +16  -22 47 -10
§—9 033 8 8(6)  16(14) | +16 22 +4 5
9-10 025 8 9(6)  16(15) | +15 21 42 -1
10-12 036 6 8(5) 15(14) | +15 21 -1 43
12-14 018 8 9(5)  16(14) | +15 20 -3 47
14-17 014 9 106) 17(15) | +14 19 4 49
17—-20 0.06 12 10 (6) 19(17) | +13 -18 -4 +10
20— 30 0.06 12 10(6) 19(17) | +12 -17 -4 +10




Table 2: T(1S) cross section systematics, for do/dpr |y| < 2, relative uncertainty
in %.

pT A Etrig,id Sp Apr | Avix | Ager | t&p | €579,y | BG | add.
0-30 | 0.5(0.5) | 7.5(4.6) | 0.3(0.3) | 06 | 0.7 | 0.7 | 0.0 | 09 |05/ 3.0
0-1 |04(04) | 83(5.4)]01(0.1)] 02 | 1.1 | 08| 05| 08 |34/ 3.1
1-2 | 0.4(04) | 7.8(52) | 02(02) | 06 | 06 | 07 | 02 | 11 | 18| 3.0
2-3 | 05(05) | 7.3(47) | 06(0.6) | 03| 03 | 08| 01| 1.1 |15] 30
3-4 | 0.6(0.6) | 7.3(48) |06(0.6) | 01 | 04 | 08| 00| 1.1 |37] 30
4-5 | 0.6(0.6) | 7.4(45) | 04003) | 03 | 07 | 07| 00| 09 |23] 30
5-6 | 0.6(0.6) | 74(43) | 02(0.3)| 05 | 1.0 | 07 | 00| 07 |05]| 30
6-7 |06(06) | 7.4(41)]0203)] 07 | 1.1 |06 |01 ]| 07 |04]| 30
7-8 | 06(0.6) | 7.7(47) | 01(0.1) | 1.0 | 0.7 | 06 | 02 | 08 [1.0] 3.1
8—9 | 0.6(0.6) | 7.4(4.2) | 0.000.1) | 1.2 | 07 | 05| 00| 07 |10/ 30
9-10 | 0.5(0.5) | 7.8(4.3) | 0.1(0.0) | 1.3 | 0.9 | 05 | 02 | 06 [1.9] 3.1
10-12 | 0.5(0.5) | 7.4(3.7) | 0.1(0.1) | 1.4 | 08 | 05 | 02| 06 |02 3.0
1214 | 0.5(0.4) | 7.9(4.0) [ 02(0.1) | 1.6 | 0.9 | 05 | 01 | 06 |03 3.1
14—-17 ] 0.4(04) | 85(4.2) | 0.1 (0.1) 1.6 0.9 0.5 0.3 0.6 22| 3.1
17-20 | 0.4(0.4) | 8.9(4.4) | 01(0.1) | 1.8 | 0.8 [ 04 | 05| 07 [01] 36
20-30 | 0.3(0.3) | 89(4.3) | 0.1(0.1) | 1.6 | 0.7 | 0.5 | 0.3 | 06 |01 35




Table 3: T(1S) cross section results, for do/dpr |y| < 2, relative uncertainty in

%.
pT o stat. A Etrig,id Sp App Avtx Agor t&p | €5/u,7 BG Op Etrk ext.
0:30 | 7.37 | +1.8 | *93 | *TE | 4081 40,6 | £0.7 | £0.7 | £0.0 | £0.9 | £0.5 | T30 | 01 | £11.4
0:1 | 030 | £81 [ F04 | B3 | #0110 402 | £1.1 | £0.8 | £0.5 | +0.8 | £3.4 | T30 | 04 | +11.4
1:2 090 | +47 | 33| 25 | 92| £0.6 | £0.6 | £0.7 | £0.2 | +£1.1 | £1.8 | 59 | 04 | £11.4
2:3 | 1.04 | +46 | 03| i3 | 06 £0.3 | £0.3 | £0.8 | £0.1 | £1.1 | £1.5 | 95 | T4 | £11.4
3:4 | 088 | +£58 | 08| IS | 4061 401 | £0.4 | £0.8 | £0.0 | £1.1 | £3.7 | F50 | 04 | £114
4:5 1090 | 456 | T08 | *tit | 02| £0.3 | £0.7 | £0.7 | £0.0 | £0.9 | £2.3 | 00 | f04 | £11.4
5:6 | 0.82 | £58 | F06 | T2 | t02 1 £0.5 | £1.0 | £0.7 | £0.0 | +0.7 | £0.5 | TO1 | 54 | £11.4
6:7 | 064 | £6.8 | F06 | T4 | 020 407 | +£1.1 | £0.6 | £0.1 | +£0.7 | £04 | 08 | 04| £11.4
7:8 | 051 | 469 | T8 | AT | A0 1 410 | £0.7 | £0.6 | £0.2 | +£0.8 | +£1.0 | T30 | T4 | £11.4
89 033 | 476 | 98| 72 | T80 412 | 4£0.7 | £0.5 | £0.0 | +£0.7 | £1.0 | T30 | T4 | £11.4
9:10 | 0.25 | 482 | F2 [ 78 A0l 413 | £0.9 | £0.5 | £0.2 | £0.6 | £1.9 | 50 | 04 | +11.4
10:12 | 036 | £5.9 | F03 | *I3 | *01 | £14 | £0.8 | £0.5 | £0.2 | £0.6 | £0.2 | TO0 | T04 | £11.4
12:14 | 018 | 7.7 | T05 | *10 | 02| £16 | £0.9 | £0.5 | £0.1 | £0.6 | £0.3 | T90 | T04 | £11.4
14:17 | 014 | +8.7 | 04| 85 | *91 | £1.6 | £0.9 | £0.5 | £0.3 | £0.6 | £2.2 | T90 | 04 | +11.4
17:20 | 0.06 | £12.0 | F54 | *539 | *91 | £1.8 | £0.8 | £0.4 | £0.5 | +0.7 | 0.1 | T95 | £94 | +11.6
20:30 | 0.06 | +£11.7 | ¥93 | 82 | *01 | £1.6 | £0.7 | £0.5 | £0.3 | +0.6 | £0.1 | FOO | T2 | £11.5




Table 4: T(1S) cross section results, for do/dpr |y| < 2, absolute values.
pr(GeV/e) | o(T(19)) stat. Doeyst, | lumi. Ao

0—30 7.370 | £0.131 | F3H9 | £0.811 | T3
0-1 0.302 | +£0.024 | 0035 | £0.033 | T80
1-2 0.901 | +0.043 | T0070 | £0.099 | F0133
2-3 1.038 | £0.048 | 0085 | £ 0.114 | 9432

34 0884 | £0.051 | *HE | £0.097 | F5i58
4-5 0.901 | £0.050 | *007% | +£0.099 | £0133
5-6 0.818 | +£0.048 | FJ0% | £0.090 | £01i7
6—7
7-38
8-9

0.636 | £0.043 | T0552 | +0.070 | 0098
0.510 | £0.035 | T0033 | £0.056 | *0:079
0.333 | £0.025 | 0035 | £0.037 | 70032

9—-10 0.255 | +£0.021 | *0:03% | £0.028 | 19053
10 — 12 0.357 | £0.021 | *0:0i3 | £0.039 | T00%2
12 — 14 0.178 | £0.014 | £5010 | £0.020 | £5:038
14-17 0.136 | +£0.012 | 0058 | £0.015 | TJ037
17 -20 0.063 | £0.008 | 0005 | £0.007 | To043
20 — 30 0.059 | +0.007 | F9005 | £ 0.006 | £0:010




Table 5: T(1S) cross section

(central+tstat.+syst.+lumi.).

results, for do/dpr |y| < 2, absolute values

pr

Unpolarized

Helicity transverse

Helicity longitudinal

Collins-Soper transverse

Collis

0: 30

7.3540.1373:55 £0.81

8.56 +0.1570 7% +0.94

5.76 + 0.10703% + 0.63

8.29 +0.1573%2 +0.91

6.1:

0: 1

0.30 4+ 0.0279:0% +0.03

0.35 4 0.03700% + 0.04

0.24 +0.0279:02 +0.03

0.35 4 0.03700% + 0.04

0.2:

0.90 4 0.0473:08 +0.10

1.04 £0.051592 £0.11

0.72 £ 0.0379:0% +0.08

1.07 £0.057592 £0.12

0.6¢

1.04 £0.0510 05 £0.11

1.20 £ 0.0615:39 £ 0.13

0.83 +0.0470:07 £ 0.09

1.24 £0.0675 0% +0.14

0.7¢

s |

0.88 4 0.0570:08 +0.10

1.04 £0.061599 +£0.11

0.68 +0.0470:0% +0.07

1.04 +£0.061599 +£0.11

0.6¢

0.90 £ 0.0579-05 +0.10

1.06 £ 0.0675:92 +0.12

0.69 4+ 0.0479:0% +0.08

1.04 £0.061599 £0.11

0.71

0.82 +0.0573-07 +0.09

0.96 +0.0679°5% +0.11

0.63 +0.04700% +£0.07

0.93 +0.05795% +0.10

0.6¢

0.64 +0.0473:0% +0.07

0.74 +0.0573:08 +0.08

0.50 £ 0.0379:93 +0.05

0.71 4 0.0573:08 +0.08

0.5¢

0.51 4 0.0373:03 +0.06

0.59 4 0.04730% +0.07

0.40 +0.0370:0% +0.04

0.54 4 0.04790% + 0.06

0.4¢

© | || | o

0.33 £ 0.0379:05 £ 0.04

0.39 +0.0370:05 4+ 0.04

0.26 +0.0279:0% +0.03

0.35 +0.0370:05 4+ 0.04

0.3:

9:10

0.25 4 0.0279:02 £ 0.03

0.29 & 0.0210% +0.03

0.20 £ 0.0219:07 +0.02

0.26 & 0.021 02 +0.03

0.2!

10:12

0.36 £ 0.0273:03 + 0.04

0.41 +0.027303 +£0.05

0.28 +0.0279-92 +0.03

0.35 +0.0273:03 +0.04

0.3’

12:14

0.18 +0.0170:07 £ 0.02

0.20 & 0.0210:07 £ 0.02

0.14 £ 0.0170:07 £ 0.02

0.17 £ 0.0170:07 £ 0.02

0.1¢

14:17

0.14 £0.0179:0} 4 0.01

0.16 £ 0.0170:01 4 0.02

0.11£0.0179:0} +£0.01

0.13 £0.01700} £ 0.01

0.1

17:20

0.06 +0.0173:04 +£0.01

0.07 £ 0.017308 £0.01

0.05 +0.0173:9, £0.01

0.06 +0.0173:08 £0.01

0.01

20:30

0.06 £ 0.0179:08 4 0.01

0.07 £ 0.017908 £ 0.01

0.05 £ 0.0179:0% +0.01

0.06 £ 0.0179°08 £ 0.01

0.0¢

10



Table 6: Cross section calculation cross check, for Y(1S) do/dpt |y| < 2

T (15) pr ((GeV/e) raw fit weight, w cro
[rapidity| ‘ range mean rms | yield, N s/e x?/ndf | mean rms (w)=t Oay. ~ N - (w)
0.0- 2.0 0-1 0.7 0.2 426 + 34 12 1.1 2.3 0.4 0.444+ 0.09 | 0.315 + 0.025

0.0- 2.0 1- 2 1.5 0.3 | 1153 £54 21 1.7 24 0.5 0.41+0.09 | 0.912 £ 0.044
0.0- 2.0 2-3 2.5 0.3 | 1154 £53 22 1.1 2.8 0.7 0.36= 0.09 | 1.048 £ 0.049
0.0- 2.0 3-4 3.5 0.3 | 80646 17 1.3 3.4 0.9 0.30£ 0.08 | 0.894 £ 0.053
0.0- 2.0 4-5 4.5 0.3 | 769 £43 18 1.0 3.6 1.0 0.284+ 0.08 | 0.913 + 0.052
0.0- 2.0 5- 6 5.5 03 | 716 £40 17 1.1 3.6 0.9 0.284 0.07 | 0.852 £ 0.049
0.0- 2.0 6-7 6.5 03 | 578 £37 15 1.2 3.5 0.7 0.2840.06 | 0.666 £ 0.044
0.0- 2.0 7- 8 7.5 03 | 477 £33 15 1.3 3.3 0.6 0.30£ 0.06 | 0.513 £ 0.036
0.0- 2.0 8-9 8.5 03 | 344+£26 13 1.1 3.0 0.5 0.34%£ 0.06 | 0.334 £ 0.026
0.0- 2.0 9- 10 9.5 0.3 | 286 £24 12 1.1 2.7 0.5 0.37£ 0.06 | 0.255 £ 0.021
0.0-20 10-12 109 0.5 | 44927 17 1.1 24 0.4 0.41£ 0.07 | 0.359 £ 0.022
0.0-20 12-14 129 06 | 246 £19 13 1.3 2.2 0.3 0.45+0.06 | 0.178 £ 0.014
0.0-20 14-17 154 09 | 20818 12 1.2 2.0 0.3 0.50+ 0.07 | 0.138 £ 0.012
0.0-20 17-20 183 0.8 105 £ 13 8 0.8 1.9 0.2 0.54% 0.07 | 0.064 £ 0.008
0.0-2.0 20-30 233 2.5 109 £ 13 9 0.8 1.7 0.2 0.60%£ 0.08 | 0.059 £ 0.007
0.0- 2.0 0- 30 7825+ 133 7.499 £ 1.000

Table 7: T(1S) cross section comparison: fit vs sum

T(1S),0< |y| <2 : oc=7353+0.132, > do=7.370+0131, A=0.2%
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Figure 2: T(2S) cross section results, for do/dpr, |y| : (0,2)
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Table 8: T(2S) cross section results, for do/dpr |y| < 2, relative uncertainty in
%.

pr(GeV/e) o stat./o > /o Ac/o | HXT HXL CST CSL
0-30 190 42 9(6) 15(13) | +14 19  +12 15
0-2 025 12 11(9)  20(19) | +14 19 +17 22
2.4 048 8 12(10)  18(17) | +12 17 +18  -23
4-6 041 10 10(8) 18(17) | +16  -22 415  -20
6-9 041 9 10(7)  17(16) | +15 21 49  -13
9-12 021 10 9(6)  17(16) | +14 20  +1 -0

12 - 16 0.09 13 10(7) 20(19) | +14 -19 -2 +6
16-20 004 18 11(8) 24(23) | +12 18 -4 49
20-30 002 23  20(18) 32(32) | +12 17 5 411
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Table 9: T(2S) cross section systematics, for do/dpr |y| < 2, relative uncertainty

in %.

pT A Etrig,id Sp Apr | Avix | Agser | t&p | €579,y | BG | add.

0-30 | 0.6(0.6) | 8.3(4.9) | 0.3(0.3) | 0.7 | 0.8 | 0.8 | 0.0 1.0 | 19| 3.2

0-2 | 05(0.5) | 83(52) | 02(0.2) | 05 | 06 | 0.8 | 0.4 0.6 |68 3.3

2—4 [0.7(0.7) | 83(5.4) | 0.7(0.8) | 0.2 | 0.3 | 1.0 | 0.1 1.5 |80 33

4—6 | 0.8(0.7) | 7.9(4.7) | 0.4(0.4) | 04 | 1.1 | 0.8 | 0.0 09 |52 33

6-9 | 0.7(0.7) | 8.6(4.8) | 0.1(0.1) | 1.0 | 1.2 | 0.7 | 0.2 0.9 |17] 35

9-12 | 0.5(0.5) | 8.4(42) | 0.1(0.1) | 1.5 | 1.0 | 0.5 | 0.2 0.8 |09 36

1216 | 0.4(0.5) | 8.8(4.6) | 0.1(0.1) | 1.6 | 0.9 | 0.5 | 0.3 0.8 |20/ 4.0

16 —20 | 0.3(0.4) | 8.3(4.1) | 0.2(0.1) | 1.7 | 1.0 | 0.5 | 0.4 0.5 [00] 65

20—-30 | 0.3(0.3) | 9.1(4.4) | 0.1(0.1) | 1.7 | 0.8 | 0.5 | 0.2 0.3 |0.0] 173
Table 10: Y(2S) cross section results, for do/dpr |y| < 2, relative uncertainty
in %.

pT o stat. A | Etrigiid | Sp Apr | Avix | Atse | t&D | €g/0,7 BG Op | €trk ext.
0:30 | .90 | +4.2 | *98 | #83 | 408 1 407 | £0.8 | £0.8 | £0.0 | +1.0 | +£1.9 [ T30 | T09 | +11.5
0:2 | 025 | £11.8 | £92 | #83 | 4020 405 | £0.6 | £0.8 | £0.4 | +0.6 | +6.8 | T | £04 | 4115
2:4 | 048 | 485 | 0T | A83 [40T 1 £0.2 | £0.3 | £1.0 | £0.1 | +1.5 | £8.0 | TS | F9% | +11.5
4:6 | 041 | £9.8 | To5 | *T9 | t04 | £04 | £1.1 | £0.8 | £0.0 | £0.9 | £5.2 | 00 | T2 | £11.5
6:9 | 041 | £94 | ST | FBE A0 41,0 | £1.2 | £0.7 | £0.2 | £0.9 | £1.7 | 95 | FO09 | £11.5
9:12 [ 0.21 | 499 | f92 | f35 | f05 | £1.5 | £1.0 | £0.5 | £0.2 | +0.8 | £0.9 | FO0 | T09 | +11.6
12:16 | 0.09 | £13.3 | 02 | *58% | +01 | £16 | £0.9 | £0.5 | £0.3 | £0.8 | £2.0 | T | T0% | £11.7
16:20 | 0.04 | £18.0 | T3 | 83 | *02 ) 417 | £1.0 | £0.5 | £0.4 | £0.5 | £0.0 | T95 | 54 | £12.8
20:30 | 0.02 | +£23.4 | T03 | *31 | T4 | £1.7 | £0.8 | £0.5 | £0.2 | +0.3 | £0.0 | T95 | T2 | £20.5
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Table 11: T(2S) cross section results, for do/dpr |y| < 2, absolute values.

pr(GeV/c) | o(T(29)) stat. D syst. lumi. Ao
0-30 1.902 | £0.079 | T947% | £0.209 | 19350
0-2 0.246 | £0.029 | T00%8 | £0.027 | T5010
2-4 0482 | £0.041 | 70050 | +£0.053 | TO08
4-6 0.415 | £0.041 | T5033 | £0.046 | T5:0%5
6—9 0.408 | £0.038 | T5032 | +£0.045 | T500
9—12 0.208 | +0.020 | *0:015 | £0.023 | 19035
12— 16 0.085 | £0.011 | *2:002 | £0.009 | T0017
16 — 20 0.037 | +£0.007 | *0:005 | £ 0.004 | 9002
20 — 30 0.021 | £0.005 | 000 | £ 0.002 | T9007

Table 12: T(2S) cross section results, for do/dpr |y| < 2, absolute values

(centraltstat.tsyst.£lumi.).

pT Unpolarized Helicity transverse Helicity longitudinal Collins-Soper transverse | Collis
0: 30 | 1.89 £0.087515 £0.21 | 2.16 £0.09153) £0.24 | 1.53£0.0617075£0.17 | 2.12+£0.097039 +0.23 1.6(
0: 2 | 0.254+0.0375:95 +£0.03 | 0.28+0.037593 +£0.03 | 0.20 +0.027592 +0.02 | 0.29 +0.037553 +0.03 0.1
2: 4 | 0.4840.04700% £0.05 | 0.5440.057997 £0.06 | 0.40+0.037503 £0.04 | 0.57 +0.05750% +0.06 0.3
4: 6 | 0.4140.047502 £0.05 | 0.48 £0.057595 £0.05 | 0.33+£0.037593 +£0.04 | 0.48 £0.057055 +0.05 0.3:
6:9 | 0.4140.047593+£0.04 | 0.47 +0.047355 +0.05 | 0.32+£0.0373:05 £0.04 | 0.45+0.047593 +0.05 0.3!
9:12 | 0.214£0.027392 +£0.02 | 0.24 £0.027392 +£0.03 | 0.17+£0.027592 +£0.02 | 0.21 £ 0.027592 4+ 0.02 0.2’
12:16 | 0.09 +0.0173:01 £0.01 | 0.10 4+ 0.0175:91 £0.01 | 0.07 £0.017595 £0.01 | 0.08 £0.011531 +0.01 0.0
16:20 | 0.04 4 0.0175:95 +0.00 | 0.04 +0.01795% 4+ 0.00 | 0.03 +0.0173:05 +0.00 | 0.04 4 0.0175:95 +0.00 0.0:
20:30 | 0.02 £ 0.0010 90 +0.00 | 0.02 £ 0.0170 52 +0.00 | 0.02 4 0.007909 +£0.00 | 0.02 4 0.00730% +0.00 0.0
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Table 13: Cross section calculation cross check, for Y(2S) do/dpr |y| < 2

T(25) pr ((GeV/c) raw fit weight, w Cross
[rapidity| ‘ range mean rms | yield, N s/e x?/ndf | mean rtms {(w)=1 Oav. ~ N - {w)
0.0- 2.0 0- 2 1.3 0.5 | 368 £ 41 9 1.7 2.3 0.5 0.43£0.09 | 0.283 £ 0.033 (
0.0- 2.0 2-4 2.9 0.6 | 591 £50 12 1.3 3.1 0.9 0.33+£0.09 | 0.595 £ 0.052 (
0.0- 2.0 4- 6 4.9 0.6 | 416 £40 10 0.9 3.7 1.0 0.27£ 0.07 | 0.503 £ 0.049 (
0.0- 2.0 6-9 7.3 0.8 | 424 £38 11 1.1 3.3 0.7 0.30+ 0.06 | 0.462 £ 0.043 (
0.0- 2.0 9- 12 103 08 | 2567 £25 10 1.1 2.6 0.5 0.39£ 0.07 | 0.217 £ 0.022 (
0.0- 2.0 12-16  13.6 1.1 | 121 £ 16 1.3 2.2 0.4 0.46+ 0.07 | 0.087 + 0.012 (
0.0-2.0 16-20 177 1.2 63 £+ 11 1.0 1.9 0.3 0.54+ 0.08 | 0.038 £ 0.007 (
0.0-2.0 20-30 225 2.1 39+9 0.8 1.7 0.1 0.60+ 0.05 | 0.021 £ 0.005 (
0.0- 2.0 0- 30 2279+ 91 2.207 £ 0975 2

Table 14: T(2S) cross section comparison: fit vs sum
Y(28),0<|y[<2: o=1895+0080, > do=1.902+0079, A =0.4%
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Figure 3: T(3S) cross section results, for do/dpr, |y| : (0,2)
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Table 15: Y(3S) cross section results, for do/dpr |y| < 2, relative uncertainty
in %.

pr(GeV/e) o stat./o > /o Ac/o | HXT HXL CST CSL
0-30 102 6.7 11(8) 17(15) | +14 -19  +10  -13
0-3 026 14 108)  21(19) | +13 18  +16  -22
3—6 0.29 14 18 (17) 26 (25) | +13 -18 +16 -21
6-9 024 14 11(8) 21(19) | +15 -20  +10  -13
9-14 016 12 10(8) 19(18) | +15 20 -1 +2
14-20 005 17 11(8)  23(22) | +13  -18 4 49
20 -30 0.03 20 12(9) 26 (25) | +11 -16 -4 +9
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Table 16: Y(3S) cross section systematics, for do/dpt |y| < 2, relative uncer-

tainty in %.
pT A Etrig,id Apr | Avex | Arsr | t&D €y | BG | add.

0—30 | 0.7(0.6) | 8.6(4.7) | 0.3(0.3) | 0.8 | 0.8 | 0.8 | 0.1 1.0 | 34 | 54
0—3 | 05(0.5)|85(4.4) | 04(0.5) | 05 | 04 | 09 | 02 | 06 1.7 | 5.7
3—6 |09(0.8) [91(54) [07(0.7) | 0.3 | 09 | 1.0 | 0.0 1.7 | 141 7.3
6-9 [0.7(0.7)]89(4.8) (0202 | 11| 10 |07 |00]| 10 | 22| 56
9—-14 | 0.5(0.5) | 7.5(4.1) | 0.1(0.1) | 1.5 | 0.8 | 0.5 | 0.3 0.7 04 | 6.1
14—20 | 0.4(0.4) | 8.8(4.5) | 0.2(0.1) | 1.7 | 0.8 | 0.5 | 0.3 0.6 34 | 5.9
20—30 | 0.3(0.3) | 8.8(4.1) | 0.1(0.1) | 1.6 | 0.8 | 0.5 | 0.5 0.5 0.3 | 83

Table 17: Y(3S) cross section results, for do/dpt |y| < 2, relative uncertainty

in %.
pr o stat. A | euigid | Sp | Apr | Avix | Asr | t&D | €591 BG Op | Etrk ext.
0:30 | 1.02 | +6.7 | *50 [ *38 | 0% 1 £0.8 | £0.8 | £0.8 | £0.1 | 1.0 | +3.4 | T50 | 03 | £12.2
0:3 | 026 | £14.0 | 53 | *85 | 01 +0.5 | 404 | 409 | £0.2 | £0.6 | +1.7 | T80 | F05 | +124
3:6 | 029 | £14.3 | F9% | %L [ 49T 1 0.3 | £0.9 | £1.0 | £0.0 | +1.7 | +14.1 | T59 | *92 | +13.2
6:9 | 024 | £13.9 [ F07T | 89 | 02 ) £1.1 | £1.0 | £0.7 | £0.0 | £1.0 | £2.2 | 50 | F02 | £12.3
9:14 | 0.16 | £12.4 | f92 | *15 | 00 | £1.5 | £0.8 | £0.5 | £0.3 | £0.7 | +0.4 | 95 | T4 | £12.6
14:20 | 0.05 | £16.6 | T94 | 38 | 02 1 417 | £0.8 | £0.5 | £0.3 | +£0.6 | +£3.4 | TOO | 04| 125
20:30 | 0.03 | £20.1 | f93 | 3% | 01 | £1.6 | £0.8 | £0.5 | £0.5 | +0.5 | +0.3 | 05 | *94 | £13.8
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Table 18: Y(3S) cross section results, for do/dpr |y| < 2, absolute values.

pr(GeV/e) | o(Y(3S)) | stat. | > i | lumi Ao
0-30 1.024 | £0.068 | 0081 | £0.113 | F5E8
0-3 0.256 | £0.036 | 0037 | £ 0.028 | 10058
3-6 0.290 | £0.041 | *0059 | £0.032 | TP073
6—9 0.245 | £ 0.034 | T9:050 | +£0.027 | 1003
9—14 0.156 | £0.019 | T5015 | £0.017 | £5:039
14— 20 0.052 | £0.009 | 9005 | £0.006 | 9043
20 — 30 0.026 | +0.005 | *0:005 | £ 0.003 | 9008

Table 19: T(3S) cross section results, for do/dpr |y| < 2, absolute values
(central+stat.+syst.+lumi.).

pT Unpolarized Helicity transverse Helicity longitudinal Collins-Soper transverse | Collis
0: 30 | 1.02+£0.077505 £0.11 | 1.16 £0.081503 £0.13 | 0.83£0.067052 £0.09 | 1.12+0.087) 2 +0.12 0.8¢
0: 3 | 0.2640.047003 +£0.03 | 0.29 +0.047393 +£0.03 | 0.21 £0.0373:92 +0.02 | 0.30+0.047593 4+ 0.03 0.2(
3: 6 | 0.2940.04700% £0.03 | 0.334+0.0570:95 +£0.04 | 0.24 +0.0375:93 £0.03 | 0.33+0.057595 +0.04 0.2:
6:9 | 0.2440.0379:03 £0.03 | 0.28 +0.0473:93 +£0.03 | 0.20 +0.037592 +£0.02 | 0.27 +0.047593 +0.03 0.2
9:14 | 0.16 £0.021592 £0.02 | 0.18 £0.027052 4£0.02 | 0.1240.02795] £0.01 | 0.16 4 0.02795% +0.02 0.1¢
14:20 | 0.0540.017308 £0.01 | 0.06 +0.01790, £0.01 | 0.04 +£0.0173:95 £0.00 | 0.05+0.0173:3 £0.01 0.0¢
20:30 | 0.03 +0.0173:59 +0.00 | 0.03 4 0.0175:95 +0.00 | 0.02 4 0.0075:95 £0.00 | 0.03 +0.0175:5 + 0.00 0.0:
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Table 20: Cross section calculation cross check, for Y(3S) do/dpr |y| < 2

Y (395) pr ((GeV/e) raw fit weight, w CTOSS
[rapidity]| ‘ range mean rms | yield, N s/e x?/ndf | mean r1ms {(w)=! Oav. ~ N - {w)
0.0- 2.0 0-3 1.8 0.7 |39%6£51 7 1.5 25 0.5 0.40£0.09 | 0.324 £ 0.043
0.0- 2.0 3-6 43 09 | 32647 7 1.0 36 09 0.2840.07 | 0.385 & 0.058 (
0.0- 2.0 6-9 7.3 0.9 | 264 + 36 7 1.1 3.4 0.7 0.304£ 0.06 | 0.290 £ 0.040 (
0.0- 2.0 9- 14 11.0 1.4 | 207 £ 25 8 1.2 2.5 0.5 0.40% 0.08 | 0.168 £ 0.021 (
0.0-2.0 14-20 163 1.7 | 8314 6 1.2 2.0 0.3 0.51£0.08 | 0.053 £ 0.009 (
0.0-20 20-30 234 28 | 49+10 5 0.8 1.7 0.1 0.60£ 0.05 | 0.027 £ 0.005 (
0.0- 2.0 0- 30 1324+ 84 1.247 £ 0.909 1

Table 21: T(3S) cross section comparison: fit vs sum
T(3S),0< |y <2 : o=1.019+0.068, > do=1.024+0.068, A =0.5%
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0.1.2 results for do/dpr |y| : (0,1),(1,2)

Table 22: Y (1S) cross section results, for do/dpt 0< |y| <1, relative uncertainty
in %.

pr(GeV/e) o stat./Jo > /o Ac/c | HKXT HXL CST CSL
0—30 4.03 1.3 8(6) 14(12) | +16 -22 +13  -16
0-2 0.70 5 9(7) 15(14) | +14 -19 +18 -4
2-5 1.54 4 10(9) 15(15) | +14 -20 +18  -23
5—38 1.02 ) 7(6) 14(13) | +18 -23 +8 -12
8—11 0.44 6 7(5) 15(14) | +18 -23 -1 +2
11-15 0.23 7 8(5) 15(14) | +18 -23 -4 +10
15—-30 0.11 9 8(6) 16 (15) | +15 -20 -5 +12
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Figure 4: T(18S) cross section results, for do/dpr |y| : (0,1),(1,2)
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Table 23: Y(1S) cross section systematics, for do/dpt 0< |y| <1, relative un-
certainty in %.

pT A Etrig,id Sp Apr | Avix | Agsr | t&D | €579, | BG | add.
0—-30 | 0.5(0.5) | 7.5(4.6) | 0.3(0.3) | 0.6 | 0.7 | 0.7 | 0.0 | 09 |05 3.0
0—2 | 04(04)|77(56)]03(03)] 06| 05 | 0707 | 1.3 |16 3.0
2-5 ]06(0.6) | 7.1(5.2) | 0.7(0.7) | 0.2 | 0.1 | 0.9 | 0.3 1.5 |62 3.0
5—8 | 0.7(0.7) | 6.5(4.4) | 0.3(0.3) | 0.8 | 0.8 | 0.7 | 0.4 | 1.0 | 03] 3.0
8—11 | 0.5(0.5) | 6.4(3.9) | 0.0(0.0) | 1.3 0.5 0.5 | 0.3 0.7 0.6 | 3.0
11—-15|0.5(0.4) | 6.6(3.8) | 0.1(0.1) | 1.5 | 0.7 | 0.5 | 0.3 | 06 | 04| 3.0
15—30 | 0.3(0.4) | 7.1(4.2) | 0.1(0.2) | 1.6 | 0.6 | 0.5 | 0.3 05 |09 3.0
Table 24: T (1S) cross section results, for do/dpt 0< |y| <1, relative uncertainty
in %.
pT o stat. A | etrigiid | Sp Apr | Avix | Afsr | t&D | €g/u,r BG Op | Etrk ext.
0:30 | 403 | £1.3 | 05 | 75 | *03 | £0.6 | £0.7 | £0.7 | £0.0 | +0.9 | £0.5 | T00 | 04 | £11.4
0:2 | 0.70 | £4.9 | 95 | TT0 | £03 ] 406 | 4£0.5 | £0.7 | £0.7 | +£1.3 | £1.6 | 150 | 04 | £11.4
2:5 | 1.54 | £3.9 | 196 | 471 | 407 | 402 | 201 | £0.9 | £0.3 | £1.5 | £6.2 | T99 [ T04 | 1114
5:8 | 1.02 | £5.1 | ¥07 | *&2 1 403 ) 4+0.8 | £0.8 | £0.7 | £0.4 | +1.0 | £0.3 | TOO | 00| £11.4
811 | 0.44 | 6.1 | T2 | *52 | T80 | 413 | 405 | £0.5 | £0.3 | +£0.7 | 0.6 | T0 | T4 | £11.4
11:15 | 0.23 | £6.7 | £95 | 8% | #01 | £1.5 | 0.7 | £0.5 | £0.3 | +0.6 | £0.4 | FO0 | £o4 | +£11.4
15:30 | 011 | £9.1 | 0% | 21 | £0% | £1.6 | £0.6 | £0.5 | £0.3 | +0.5 | £0.9 | o1 | T2 | £11.4
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Table 25: T(1S) cross section results, for do/dpr 0< |y| <1, absolute values.

pr(GeV/c) | o(Y(18)) stat. Zsyst‘ lumi. Ao
0-30 4.031 | £0.093 | £0335 | £0.443 | £5:257
0-2 0.704 | +£0.035 | T000% | £0.077 | F0:04
2-5 1.539 | £0.060 | T51% | £0.169 | T0357
5-8 1.021 | £0.053 | 000 | £0.112 | 1032
8—11 0.435 | £0.027 | T5033 | £0.048 | T50%
11-15 0.226 | £0.015 | £5010 | £ 0.025 | T505
15 — 30 0.106 | +0.010 | *0:008 | £0.012 | T901L

Table 26: Y(1S) cross section results, for do/dpr 0< |y| <1, absolute values
(central+stat.+syst.+lumi.).

pT Unpolarized Helicity transverse Helicity longitudinal Collins-Soper transverse | Collis
0: 30 | 7.35+£0.1370%, £0.81 | 8.56 £0.151075 £0.94 | 5.76 £0.107035 £ 0.63 | 8.29+0.1570%2 £ 0.91 6.1°
0: 2 | 0.70+0.0375:95 +0.08 | 0.80+0.047597 +£0.09 | 0.57+0.037595 +0.06 | 0.83+0.047557 4+ 0.09 0.5
2:5 | 1.5440.067015+0.17 | 1.76 £0.077918 £0.19 | 1.24 +0.057512 +£0.14 | 1.81+£0.07751% £0.20 1.1¢
5:8 | 1.0240.057598 £0.11 | 1.20 £0.067952 £ 0.13 | 0.79 £ 0.0473:05 £ 0.09 | 1.10 4 0.0675:98 +0.12 0.8
8:11 | 0.44+0.03735% +0.05 | 0.51 4 0.0375:93 £0.06 | 0.33+0.027595 £0.04 | 0.43 +0.0370 93 +£0.05 0.4
11:15 | 0.2340.02700% £0.02 | 0.27 +0.027007 £0.03 | 0.17 £ 0.01730; £0.02 | 0.22 +0.01730% +0.02 0.2:
15:30 | 0.1140.017591 £0.01 | 0.12+0.017951 +£0.01 | 0.08£0.0179:08 £0.01 | 0.1040.0175:9% +0.01 0.1
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Table 27: Cross section calculation cross check, for T(1S) do/dpr 0< |y| <1

T(1S5) pr ((GeV/e) raw fit weight, w cro
[rapidity| ‘ range mean rms | yield, N  s/e x?/ndf | mean 1ms (w)=! Cav. ~ N - {w)
0.0- 1.0 0- 2 1.3 05 | 840+£42 20 1.3 26 0.5 0.38+0.07 | 0.719 £+ 0.036
0.0- 1.0 2-5 33 0.9 | 1217 £48 26 0.8 39 1.0 0.26+0.06 | 1.539 £+ 0.063
0.0- 1.0 5- 8 6.4 0.9 817 £+ 41 19 1.2 3.9 0.8 0.264 0.05 | 1.044 £ 0.054
0.0- 1.0 8- 11 9.3 0.8 | 472+ 29 16 14 2.8 0.5 0.354+ 0.06 | 0.437 £ 0.027
0.0-1.0 11-15 127 1.2 302 £ 21 15 1.3 2.3 0.3 0.44+ 0.07 | 0.226 £ 0.016
0.0-1.0 15-30 191 3.6 175 + 16 11 14 1.9 0.3 0.54+ 0.08 | 0.106 £ 0.010
1.0- 2.0 0- 2 1.3 0.5 806 + 55 14 1.8 2.1 0.3 0.47£ 0.07 | 0.560 £ 0.038
1.0- 2.0 2-5 3.3 0.9 | 1615 £ 68 23 1.2 2.7 0.4 0.374£ 0.06 | 1.414 + 0.060
1.0- 2.0 5- 8 63 09 | 970+ 46 21 0.9 3.1 0.5 0.32+£0.05 | 0.981 £+ 0.047
1.0-2.0 811 93 09 | 416+29 14 1.0 2.7 0.5 0.37+£0.07 | 0.366 £+ 0.026
1.0-20 11-15 125 1.1 243 + 21 12 1.9 2.2 0.3 0.45+ 0.07 | 0.177 £ 0.015
1.0- 2.0 15- 30 18.8 3.3 175 £ 17 11 1.1 1.8 0.2 0.56+ 0.08 | 0.103 £ 0.010
0.0-2.0 0-30 8046+ 136 7.673 £ 0.999

Table 28: T (1S) cross section results, for do/dpt 1< |y| <2, relative uncertainty

in %.
pr(GeV/e) o stat./o > /o Ac/o | HXT HXL CST CSL
0-30 355 12 8(6) 14(12) | +16 22 +13  -16
0-2 055 T 11(9) 17(16) | +18  -24  +18  -23
2.5 139 4 9(7)  15(14) | +20 25  +18  -23
58 097 5 9(5)  15(13) | +16  -22 414  -18
s—11 037 7 106) 16(14) | +13  -19 16 -8
1-15 018 8 10(6) 17(15) | +11  -17 0 +1
15-30 010 9 11(6) 18(16) | +10  -16 -3  +6
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Table 29: Y(1S) cross section systematics, for do/dpt 1< |y| <2, relative un-
certainty in %.

pT A Etrig,id Sp Apr | Avix | Agsr | t&D | €579, | BG | add.
0—-30 | 0.5(0.5) | 7.5(4.6) | 0.3(0.3) | 0.6 | 0.7 | 0.7 | 0.0 | 09 |05 3.0
0—2 |04(04) | 82(46) | 0.0(0.1) | 0.3 | 1.1 | 0.6 | 0.2 06 | 73] 3.0
2-5 |05(0.5) | 7.7(4.0) | 0.3(0.3) | 0.2 | 0.9 | 0.7 | 0.3 05 |43 3.0
5—8 | 0.6(0.6) | 84(42) |0.1(0.2) | 0.7 | 1.2 | 0.6 | 0.5 06 |04/ 3.0
8—11 | 0.6(0.5) | 8.9(4.4) |0.0(0.1) | 1.3 | 1.1 | 0.5 | 0.6 0.7 |17] 31
11—-15| 0.4(0.5) | 9.1(42) | 0.1(0.2) | 1.6 | 0.9 | 0.5 | 0.8 06 |01] 3.0
15—30 | 0.4(0.5) | 10.6(4.3) | 0.2(0.3) | 1.7 | 1.1 | 0.5 | 0.9 0.8 |20] 31
Table 30: T(1S) cross section results, for do/dpt 1< |y| <2, relative uncertainty
in %.
pr o stat. A | euigid | Sp | Apr | Avix | Assr | t&D | €y/pr BG Op | Etrk ext.
0:30 | 355 | £1.2 | 05 | 75 | *03 | £0.6 | £0.7 | £0.7 | £0.0 | +£0.9 | £0.5 | T00 | 04 | £11.4
0:2 | 055 | £6.9 | 95| 52 | 709 £03 | 1.1 | £0.6 | £0.2 | +0.6 | £7.3 | T50 | 04 | £11.4
2:5 | 1.39 | £4.3 | 02 | T 031 40.2 | £0.9 | £0.7 | £0.3 | +0.5 | +4.3 | 00 [ 09| +11.4
5:8 | 097 | £4.8 | ¥96 | 82 | 00 | £0.7 | £1.2 | £0.6 | £0.5 | +0.6 | £0.4 | TO1 | To9 | £11.4
811 | 0.37 | £7.0 | T8 [ 39 | 001 413 | £1.1 | £0.5 | £0.6 | +£0.7 | +£1.7 | T30 | F94 | £11.4
11:15 | 0.18 | +8.3 | T02 | 93 | 792 | £1.6 | £0.9 | £0.5 | £0.8 | +0.6 | £0.1 | F90 | £24 | +£11.4
15:30 | 0.10 | +£9.4 | *Q4 | +106 | 402 1 497 | £1.1 | 205 | £0.9 | +0.8 | 2.0 | *31 | F04 | 4114
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Table 31: T(1S) cross section results, for do/dpr 1< |y| <2, absolute values.

pr(GeV/e) | o(T(18)) | stat. | > | lumi Ao
0—30 3.553 | £0.090 | T9395 | +£0.391 | T
0-2 0.547 | £0.038 | *0:08% | £ 0.060 | 9027
2-5 1.392 | +0.059 | "0gos | £0.153 | 10350
5—8 0.970 | £ 0.046 | T055 | +0.107 | 10133
8—11 0.367 | £0.026 | T0035 | £0.040 | T5:0%9
11-15 0.176 | £0.015 | £9010 | £0.019 | T5:030
15 — 30 0.101 | £0.009 | T30% | £ 0.011 | F5:072

Table 32: Y(1S) cross section results, for do/dpr 1< |y| <2, absolute values
(central+stat.+syst.+lumi.).

pT Unpolarized Helicity transverse Helicity longitudinal Collins-Soper transverse | Collis
0: 30 | 7.35+£0.1370%, £0.81 | 8.56 £0.151075 £0.94 | 5.76 £0.107035 £ 0.63 | 8.29+0.1570%2 £ 0.91 6.1°
0: 2 | 0.5540.047595 +£0.06 | 0.65+0.057597 +0.07 | 0.42+0.037555 +0.05 | 0.65+0.04757 4 0.07 0.4
2:5 | 1.3940.067005 +£0.15 | 1.67+£0.077919 £0.18 | 1.05+0.057509 £0.12 | 1.64+0.077515 £0.18 1.0
5:8 | 0.974+0.057592 £0.11 | 1.1340.057902 +0.12 | 0.76 £ 0.0473:07 £0.08 | 1.104 0.0575:38 +0.12 0.7
811 | 0.37+£0.0375:93 +0.04 | 0.42+0.037055 +0.05 | 0.30 4 0.02795% +0.03 | 0.3940.0370:03 +0.04 0.3
11:15 | 0.18 £ 0.01700% £0.02 | 0.20 +0.02007 £0.02 | 0.15+0.01730; £0.02 | 0.18 £0.01730% +0.02 0.1¢
15:30 | 0.10+0.0175:91 £0.01 | 0.11 £0.017951 +£0.01 | 0.09+0.0179:01 £0.01 | 0.10+0.0175:9% +0.01 0.1
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Figure 5: T(2S) cross section results, for do/dpr |y| : (0,1),(1,2)
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Table 33: Y(2S) cross section results, for do/dpt 0< |y| <1, relative uncertainty

in %.
pr(GeV/e) o stat./Jo > /o Ac/oc | HKXT HXL CST CSL
0— 30 1.03 29 9(6) 15(13) | +14  -19  +12  -15
0-3 029 10 17(16)  22(21) | 410  -14 417  -22
3-7 041 10 16(15)  21(21) | +13  -18  +14  -19
7-11 022 11 9(7) 18(17) | +17 =22 +1 -2
11-15 006 16 9(6)  21(20) | +17  -22 -4 +8
15—-30 0.04 17 9(7) 22 (21) +14 -20 -5 +11
Table 34: Y(2S) cross section systematics, for do/dpt 0< |y| <1, relative un-
certainty in %.
pT A Etrig,id Sp Apr | Avix | Atsr | t&D | €5/9,x | BG | add.
0—30 | 0.6(0.6) | 8.3(4.9) | 0.3(0.3) | 0.7 | 0.8 | 0.8 | 0.0 | 1.0 | 1.9 | 3.2
0—3 |0.6(0.5)|82(6.0)]06(06)| 05| 01 | 1.0 | 0.7 | 14 |139]| 34
3—7 [08(0.8) | 7.7(5.2) | 06(0.7)| 04 | 06 | 1.0 | 04 | 1.5 |13.1| 34
7—11 | 0.6(0.6) | 7.7(4.9) | 0.1(0.0) | 1.3 | 0.8 | 0.6 | 0.3 | 1.0 1.7 | 34
11—15| 0.5(0.5) | 7.3(4.4) | 0.1(0.1) | 1.6 | 0.8 | 0.5 | 0.3 | 07 | 1.6 | 3.6
15—30 | 0.3(0.4) | 7.4(4.3) | 01(0.2) | 1.7 | 0.5 | 0.5 | 0.2 | 04 1.9 | 4.2
Table 35: Y(2S) cross section results, for do/dpt 0< |y| <1, relative uncertainty
in %.
pT o stat. A | Etrigia | Sp Apr | Avix | A | t&D | €g/y,7 BG Op | €tk ext.
0:30 | 1.03 | +2.9 | *0& | +83 1 403 | +0.7 | £0.8 | £0.8 | £0.0 | +1.0 | 1.9 | T30 | Fo04 | £11.5
0:3 | 029 | +9.8 | T6¢ | *82 1 4061 105 | £0.1 | £1.0 | £0.7 | +1.4 | £13.9 | T30 | 03 | +11.5
3.7 | 041 | £95 | 98 | H4TT | 06 1 404 | 406 | £1.0 | £0.4 | £1.5 | £13.1 | *91 | 402 | 4115
7:11 | 0.22 | £11.0 | *88 | *TT | 0l | £1.3 | £0.8 | £0.6 | £0.3 | 4£1.0 | +1.7 | T09 | 04 | £11.5
11:15 | 0.06 | £15.9 | T3 | *73 1 +01 | £16 | £0.8 | £0.5 | £0.3 | +£0.7 | +1.6 | 50 | 0% | £11.6
15:30 | 0.04 | £16.9 | T3 | *72 1 *O1 | £1.7 | 405 | 4£0.5 | £0.2 | +£04 | +1.9 | 51 [ 0% | £11.8
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Table 36: T(2S) cross section results, for do/dpr 0< |y| <1, absolute values.

pr(GeV/e) | o(T(28)) | stat. | >0, | lumi Ao
0-30 1.028 | £0.056 | Toode | +£0.113 | £513;
0-3 0291 | £0.029 | T001% | +£0.032 | 008
3-7 0.412 | £0.039 | F3855 | +0.045 | 3583
7-11 0.220 | +£0.024 | *0017 | £0.024 | 79032
1115 0.063 | £0.010 | F300% | £ 0.007 | T0-013
15— 30 0.042 | £0.007 | *0:005 | £ 0.005 | 9800

Table 37: Y(2S) cross section results, for do/dpr 0< |y| <1, absolute values
(centraltstat.+syst.+lumi.).

pT Unpolarized Helicity transverse Helicity longitudinal Collins-Soper transverse | Collis
0: 30 | 1.89 £ 0.087515 £0.21 | 216 £0.09153) £0.24 | 1.53+£0.067575+0.17 | 2.12+0.097039 +0.23 1.6(
0: 3 | 0.2940.037952 £0.03 | 0.32+0.03735% +0.04 | 0.2540.027593 £0.03 | 0.3440.03%595 +0.04 0.2:
3: 7 | 0.4140.04700¢ £0.05 | 0.47 +0.047097 £0.05 | 0.34+0.037502 +£0.04 | 0.47 +0.047597 +0.05 0.3:
7:11 | 0.2240.02700%3 £0.02 | 0.26 +£0.0370:93 £0.03 | 0.17 £0.0273:92 +£0.02 | 0.22+0.027592 4+ 0.02 0.2
11:15 | 0.06 +0.0175:95 £0.01 | 0.07 £0.017952 +0.01 | 0.05+0.0179:00 +0.01 | 0.06 & 0.0175:9% +0.01 0.0
15:30 | 0.0440.0175:35 £0.00 | 0.05+0.017952 +0.01 | 0.03+0.0173:05 £0.00 | 0.04 4 0.0175:95 +0.00 0.0:
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Table 38: Cross section calculation cross check, for Y(2S) do/dpr 0< |y| <1

T(2S)  pr ((GeV/e) raw fit weight, w Cros
[rapidity| ‘ range mean rms | yield, N s/e x?/ndf | mean rms (w)=1 Oav. ~ N - (w)
0.0- 1.0 0-3 1.8 0.7 | 367 £36 10 1.2 2.8 0.6 0.35+0.08 | 0.341 £0.035 (
0.0- 1.0 3-7 4.7 1.2 | 373 £ 35 11 1.1 4.2 0.8 0.244+ 0.05 | 0.510 £ 0.049 (
0.0- 1.0 7- 11 8.6 1.1 | 236 £+ 26 1.3 3.1 0.6 0.32+ 0.07 | 0.240 £ 0.027 (
0.0-1.0 11-15 125 1.1 85 + 14 1.3 2.3 0.3 0.44+ 0.06 | 0.064 £ 0.010 (
0.0-1.0 15-30 187 2.9 | 69 %+ 12 1.4 1.9 0.3 0.53£ 0.09 | 0.042 £ 0.007 (
1.0- 2.0 0-3 1.8 0.7 | 331 £ 44 1.3 2.2 0.4 0.454+ 0.08 | 0.242 £ 0.033 (
1.0- 2.0 3-7 4.7 1.1 | 515 £48 11 0.9 3.0 0.5 0.34£ 0.05 | 0.504 £ 0.047 (
1.0- 2.0 7- 11 8.6 1.1 | 221 £ 26 1.1 2.8 0.5 0.36+ 0.06 | 0.203 £ 0.025 (
1.0-20 11-15 125 1.1 87 £ 15 1.9 2.3 0.4 0.444+ 0.08 | 0.065 £+ 0.011 (
1.0-2.0 15-30 188 3.1 54 + 12 1.1 1.8 0.3 0.56+ 0.08 | 0.032 £ 0.007 (
0.0- 2.0 0- 30 2339+ 94 2.242 £0.994 ~

Table 39: Y(2S) cross section results, for do/dpt 1< |y| <2, relative uncertainty

in %.
pr(GeV/c) o stat./Jo > /o Ac/c | HXT HXL CST CSL

0—30 0.93 3.0 9(6) 15(13) | +14 -19 +12 -15
0-3 0.21 15 24(23) 30(29) | +17 -23 +17  -23
3-7 0.44 9 12(8) 18(17) | +17 -22 +17 22
7—11 019 12 11(8) 20(18) | +13  -18 49  -12
11-15 006 17 11(7)  23(21) | +11 17 41 -0
15—-30 0.03 21 13(9) 27(26) | +10 -16 -3 +7
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Table 40: Y(2S) cross section systematics, for do/dpt 1< |y| <2, relative un-

certainty in %.

PT A Etrig,id Sp Apr | Avix | Agsr | t&D | €5/9x | BG | add.
0-30 | 0.6(0.6) | 8.3(4.9) | 0.3(0.3) | 0.7 0.8 0.8 | 0.0 1.0 1.9 3.3
0-3 |0.5(0.5) | 7.8(3.8) | 0.2(0.2) | 0.3 1.2 0.7 | 0.2 0.5 219 | 3.8
3—7 |0.7(0.7) | 9.4(4.9) | 0.3(0.3) | 0.4 | 1.3 | 0.8 | 0.4 0.6 54 | 3.4
7—11 | 0.6(0.6) | 9.6(4.8) | 0.0(0.0) | 1.2 | 1.1 | 0.6 | 0.7 0.8 4.4 | 35
11—-15| 0.5(0.5) | 9.7(4.8) [ 0.1(0.2) | 1.6 | 0.9 | 0.5 | 1.1 0.7 1.5 | 4.6
15—30 | 0.4(0.4) | 9.5(3.8) | 0.2(0.2) | 1.7 | 1.3 | 04 | 1.0 0.7 34 | 72
Table 41: Y(2S) cross section results, for do/dpt 1< |y| <2, relative uncertainty
in %.
pT o stat. A Etrig,id | Sp Apr | Avix | A | t&D | €g/y,r BG Op | €tk ext.
0:30 | 0.93 | +£3.0 | *9& | *83 1 493 1 +0.7 | £0.8 | £0.8 | £0.0 | +1.0 | 1.9 | T30 | F04 | £11.5
0:3 | 021 | £14.6 | T02 | *I8 | 1021 £0.3 | £1.2 | £0.7 | £0.2 | £0.5 | £21.9 | T00 | F00 | £11.6
3:7 1044 | 493 | 0T | 92 | 881 404 | £1.3 | £0.8 | £0.4 | +£0.6 | £54 | OO | 01| +115
711 | 019 | £12.3 | T98 | 3G | A0 L £1.2 | £1.1 | 406 | £0.7 | £0.8 | +4.4 | TO0 | 04| £11.5
11:15 | 0.06 | £17.0 | T3 | *57T | 00 | £1.6 | £0.9 | £0.5 | £1.1 | £0.7 | +1.5 | 51 | T4 | £11.9
15:30 | 0.03 | £21.5 | *84 | 35 | 02 | 1.7 | £1.3 | £04 | £1.0 | £0.7 | £3.4 | T3 | o5 | £13.1
Table 42: T(2S) cross section results, for do/dpr 1< |y| <2, absolute values.
pr(GeV/c) | o(T(29)) stat. D eyse, | lumi. Ao
0—30 0.934 | £0.058 | 0087 | £0.103 | F0138
0-3 0.207 | £0.030 | 19047 | £0.023 | 10062
3-7 0.444 | £0.041 | T3050 | +£0.049 | 10053
7-11 0.189 | £0.023 | 9035 | £0.021 | 1003
1115 0.063 | +£0.011 | *5957 | +0.007 | T9513
15 — 30 0.031 | £0.007 | X099 | £ 0.003 | £5-508
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Table 43: T(2S) cross section results, for do/dpr 1< |y| <2, absolute values

(centraltstat.£syst.+lumi.).

pT

Unpolarized

Helicity transverse

Helicity longitudinal

Collins-Soper transverse

Collis

0: 30

1.89 4+ 0.087515 +0.21

2.16 +0.097929 +0.24

1.534+0.0670 15 £0.17

2.12+0.097929 4+ 0.23

1.6(

0: 3

0.21 +0.0313:02 £ 0.02

0.24 £ 0.04730% +0.03

0.16 £ 0.0219:07 +0.02

0.24 £ 0.04790¢ +0.03

0.1¢

3: 7

0.44 +0.0473:0% +0.05

0.52 +0.0573:08 +0.06

0.34 +0.0375:93 £ 0.04

0.52 +0.0573:08 +0.06

0.3

7:11

0.19 4 0.0279:0% + 0.02

0.21 4 0.037902 +0.02

0.15 4+ 0.0279:02 +0.02

0.21 4 0.037902 + 0.02

0.1’

11:15

0.06 £ 0.0179:08 4 0.01

0.07 £ 0.0173:0 +£0.01

0.05 £ 0.0179:0¢ +0.01

0.06 £ 0.017:08 £ 0.01

0.0¢

15:30

0.03 £ 0.0173:95 4 0.00

0.03 £ 0.0179:0% £ 0.00

0.03 +0.0179:05 £ 0.00

0.03 £ 0.0179:09 +0.00

0.0«
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Figure 6: T(3S) cross section results, for do/dpr |y| : (0,1),(1,2)
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Table 44: T (3S) cross section results, for do/dpt 0< |y| <1, relative uncertainty
in %.

pr(GeV/je) o stat./o > Jo Ac/o | HXT HXL CST CSL
0-30 059 48 11(8) 16(15) | +14 -19  +10 -13
0-7 038 11 25(24)  30(29) | +11  -16  +14  -19
7-12 015 15 10(8) 21(20) | +16 22 41 -1

12 — 30 0.07 14 10(8) 0(20) | +15 -21 -4 +10

Table 45: T(3S) cross section systematics, for do/dpt 0< |y| <1, relative un-
certainty in %.

pr A Etrig,id Sp Apr | Avix | Agsr | t&D | €5/9x | BG | add.
0—30 | 0.7(0.6) | 8.6(4.7) | 0.3(0.3) | 0.8 | 0.8 | 0.8 | 0.1 1.0 | 34 | 54
0—7 | 08(0.8) | 88(59)|0.6(0.7) | 05| 05 | 1.0 | 05 1.7 229 54
7—12 | 0.6(0.6) | 7.6(5.0) | 0.0(0.0) | 1.4 | 0.6 | 0.6 | 0.1 | 09 | 22 | 57
12-30 | 0.4(0.4) | 7.1(4.0) | 0.2(0.1) | 1.6 | 0.7 | 0.5 | 0.3 | 05 0.2 | 6.0
Table 46: Y(3S) cross section results, for do/dpt 0< |y| <1, relative uncertainty
in %.
pT o stat. A Etrig,id Sp App Avtx Agor t&p | €5/u,7 BG op Etrk ext.
0:30 | 0.59 | +4.8 | 0T | *86 | 403 1 +0.8 | £0.8 | £0.8 | £0.1 | +1.0 | +3.4 | T30 | FO3 | +12.2
0: 7 | 038 | £11.2 | 65 | *38 1 4051 4+05 | £0.5 | £1.0 | £0.5 | +1.7 | £22.9 | To1 | T2 | +12.2
7:12 | 0.15 | £14.9 | 108 | FIE | A0 | £14 | £0.6 | £0.6 | £0.1 | £0.9 | £2.2 | T00 | FO9 | £124
12:30 | 0.07 | £14.3 | F94 | 70 | 92 1 416 | £0.7 | £0.5 | £0.3 | +£0.5 | +£0.2 | FOO | T4 | 125

34




Table 47: T(3S) cross section results, for do/dpr 0< |y| <1, absolute values.

pr(GeV/e) | o(Y(39)) stat. Dyt | lumi. Ao
0-30 0.592 | £0.049 | T50% | £0.065 | T50%
0—7 0.375 | £0.042 | 0000 | £0.041 | T0153
T 12 0.151 | +0.023 | G615 | +0.017 | g3
12 - 30 0.066 | £0.009 | 0008 | £0.007 | T00:3

Table 48: T(3S) cross section results, for do/dpr 0< |y| <1, absolute values

(centraltstat.£syst.+lumi.).

pT Unpolarized Helicity transverse Helicity longitudinal Collins-Soper transverse | Collis
0: 30 | 1.02+0.071508 £0.11 | 1.16 £0.081503 £0.13 | 0.83+£0.067052 £0.09 | 1.12+0.08%) 2 +0.12 0.8¢
0: 7 | 0.3840.047005 £0.04 | 0.42+0.057015 £0.05 | 0.32+0.037398 +£0.03 | 0.43+0.057515 +0.05 0.3(
7:12 | 0.1540.027001 £0.02 | 0.18 £0.0373:9% £0.02 | 0.12+0.027391 £0.01 | 0.15+0.027592 4+ 0.02 0.1:
12:30 | 0.07 +£0.0173:05 £0.01 | 0.08 +0.0175:01 £0.01 | 0.05+0.011590 £0.01 | 0.06 +0.0115 95 & 0.01 0.0,
Table 49: Cross section calculation cross check, for Y (3S) do/dpr 0< |y| <1
T(35) pr ((GeV/c) raw fit weight, w Cross
[rapidity]| ‘ range mean rms | yield, N s/e x?/ndf | mean rms {(w)=1 Oav. ~ N - (w)
0.0- 1.0 0-7 3.3 1.8 | 444 £ 48 9 1.0 3.5 1.0 0.29£ 0.08 | 0.506 £ 0.057 (
0.0-1.0 7-12 89 1.4 |169+25 7 1.2 3.0 0.6 0.334+0.07 | 0.168 + 0.026 (
0.0-1.0 12-30 158 3.7 |101+14 7 1.4 2.1 04 0.484+0.09 | 0.069 4+ 0.010
1.0- 2.0 0-7 3.3 1.7 | 353 £ 59 6 14 2.6 0.6 0.38% 0.08 | 0.301 £ 0.052 (
1.0-20 7-12 89 14 | 120£25 5 1.1 2.8 0.5 0.36+0.07 | 0.110 4+ 0.023 (
1.0-20 12-30 169 43 |104+16 6 1.4 1.9 0.3 0.53+0.08 | 0.064 + 0.010 (
0.0- 2.0 0- 30 1290+ 87 1.218 £ 0.915 1
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Table 50: YT(3S) cross section results, for do/dpt 1< |y| <2, relative uncertainty

in %.
pr(GeV/je) o stat./o > Jo Ac/o | HXT HXL CST CSL
0-30 040 49 11(8) 16(15) | +14  -19  +10  -13
0—-7 0.24 18 29 (27) 36 (35) | +16 -22 +17 -22
7-12 010 22 13(10)  28(27) | +13 18 +10  -13
12 — 30 0.06 17 11(8) 23(22) | +10 -15 -2 +5

Table 51: T(3S) cross section systematics, for do/dpt 1< |y| <2, relative un-

certainty in %.

pr A Etrig,id ApT Avtx Afsr t&Cp EJ/y, T BG add.
0—30 | 0.7(0.6) | 8.6(4.7) | 0.3(0.3) | 0.8 | 0.8 | 0.8 | 0.1 1.0 | 34 | 55
0-7 | 0.7(0.6) | 8.6(2.9) | 0.4(0.4) | 04 | 1.1 | 0.8 | 0.5 | 03 |265| 65
7—12 | 0.7(0.6) | 9.3(4.1) | 0.0(0.0) | 1.3 1.0 0.6 1.1 0.6 6.2 6.7
12—-30 | 0.4(0.4) | 9.4(4.3) | 0.1(0.2) | 1.7 | 1.1 | 0.5 | 0.9 0.5 1.5 | 5.9
Table 52: T(3S) cross section results, for do/dpt 1< |y| <2, relative uncertainty
in %.
pT o stat. A | Etrigid | Sp Apr | Avix | Atsr | t&Dp | €g/u,r BG Op | €trk ext.
0: 30 | 0.40 | +4.9 | 0T | 86 | 403 1 +0.8 | £0.8 | £0.8 | £0.1 | +1.0 | +3.4 | T3 | 52 | +12.3
0: 7 | 024 | £183 | ToT | *55 1 4011 404 | £1.1 | £0.8 | £0.5 | +£0.3 | £26.5 | T05 | 05 | £12.8
7:12 | 0.10 | £22.0 | *07 | *3% | FO0 | £1.3 | £1.0 | £0.6 | £1.1 | £0.6 | £6.2 | T50 | FO9 | £12.9
12:30 | 0.06 | £16.8 | F94 | 94 | *OL | 417 | £1.1 | £0.5 | £0.9 | +£0.5 | +£1.5 | T01 | T4 | £12.5
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Table 53: T(3S) cross section results, for do/dpr 1< |y| <2, absolute values.

Table 54: T(3S) cross section results, for do/dpr 1< |y| <2, absolute values

pr(GeV/c) | o(T(3S)) | stat. | > | lumi Ao
0-30 0.398 | £0.050 | T5033 | £0.044 | T50%
0-7 0242 | +0.044 | GO | +0.027 | FoG
712 0.095 | +£0.021 | 0018 | £0.010 | 79037
12 - 30 0.061 | £0.010 | 3007 | £0.007 | T0013

(centraltstat.+syst.+lumi.).

pT

Unpolarized

Helicity transverse

Helicity longitudinal

Collins-Soper transverse

Collis

0: 30

1.02 +£0.0710 08 £0.11

1.16 £0.0870 15 £ 0.13

0.83 £ 0.0679:02 4 0.09

1.12 + 0.0870 05 + 0.12

0.8¢

0: 7

0.24 £ 0.0470:07 +0.03

0.28 +0.0579:5% 4+ 0.03

0.19 £ 0.0319:0% 4 0.02

0.28 +0.0579:5% 4 0.03

0.1¢

7:12

0.10 + 0.0273:01 £0.01

0.11 +0.02%3:0} £0.01

0.08 £ 0.0273:91 £0.01

0.10 +0.02%3:07 £0.01

0.0¢

12:30

0.06 £ 0.0179:08 4 0.01

0.07 4 0.017951 +0.01

0.05 £ 0.0179:08 +0.01

0.06 £ 0.0179°08 £ 0.01

0.0¢
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0.1.3 results for do/d|y|

Table 55: T(1S) cross section results, for do/d|y| , relative uncertainty in %.

ly] o stat./o > /o Ac/o | HXT HXL CST CSL
0.0—-2.0 7.61 1.8 8(6) 14(13) | +16 -22 +13 -16
0.0-04 1.62 3 8(6) 14(13) | +15 -19 +13  -17
0.4—-0.8 1.52 4 9(8) 15(14) | +17 -22 +11  -15
0.8-12 177 4 9(7)  14(13) | +16 22 +9 12
12-16 147 4 9(7)  15(13) | +17  -23 412 -16
1.6-20 123 4 11(7)  16(14) | +18 23 420 -24
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Figure 7: T(1S) cross section results, for do/d|y|
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Table 56: YT (1S) cross section systematics, for do/d|y| , relative uncertainty in

%.

lyl A Etrig,id Sp Apr | Avix | Ager | t&p | €59,y | BG | add.
0.0—2.0 | 0.5(0.5) | 7.5(4.6) | 0.3(0.3) | 0.6 | 0.7 | 0.7 | 0.0 0.9 051 3.0
0.0—-0.4 | 0.6(0.6) | 6.8(4.9) | 0.4(0.4) | 0.7 0.3 0.7 | 0.6 1.5 0.1 ] 3.0
04—-0.8|0.6(06) | 6.8(4.7)|04(04) ] 06 | 0.3 | 0.7 | 0.3 1.1 54| 3.0
08—-1.210.5(05) | 75(4.9) |03(0.3)] 06 | 1.0 | 0.7 | 0.1 0.7 29| 3.0
1.2—16 | 05(0.5) | 7.7(4.0) | 0.2(0.2) | 06 | 1.2 | 06 | 02 | 05 |40/ 3.0
1.6 —2.0 | 0.6(0.6) | 9.3(4.0) | 0.0(0.1) | 0.6 | 0.9 | 0.6 | 0.0 | 06 |50 3.0
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Table 57: T(1S) cross section results, for do/d|y| , relative uncertainty in %.
ly| o stat. A Etrig,id Sp Apr | Avex | Ater t&p | €y/p, BG Op Etrk

0.0: 2.0 | 7.61 | £1.8 | 02 | 1o | *03 | £0.6 | £0.7 | £0.7 | £0.0 | £0.9 | £0.5 | To5 | o4 | £11.4
0.0:0.4 | 1.62 | £3.4 | 108 | 45 | 04 | £0.7 | £0.3 | £0.7 | £0.6 | £1.5 | £0.1 | F00 | Toq | £11.4
0.4:0.8 | 1.52 | £3.9 [ 108 | 88 | +04 | £0.6 | £0.3 | £0.7 | £0.3 | £1.1 | £54 | T30 | T04 | £11.4
0.8:1.2 | 1.77 | 3.6 | 03 | *15 | 9% | £0.6 | £1.0 | £0.7 | £0.1 | £0.7 | £2.9 | T00 | T04 | £11.4
1.2:1.6 | 147 | £3.9 | 702 | 20 | £92 | 4£0.6 | £1.2 | £0.6 | £0.2 | +0.5 | +4.0 | T50 | F09 | £11.4
1.6:2.0 | 1.23 | £4.3 | 06 | 93 | 091 40.6 | £0.9 | £0.6 | £0.9 | +0.6 | +£5.0 | T50 | FO4 | £11.4

Table 58: T(1S) cross section results, for do/d|y| , absolute values.

Table 59:

ly] o(T(19)) stat. D sy, | lumi Ao
0.0-20| 7.610 | +0.130 | T53¢ | +0.837 | *3:525
0.0-04 | 1.622 | £0.056 | 522 | £0.178 | 1033
04—08| 1524 | +0.060 | T5132 | £0.168 | 19-32%
0.8—12| 1769 | £0.064 | T3 | £0.195 | 10350
12—1.6 | 1468 | £0.058 | *5037 | £ 0.161 | T5320
1.6-20 | 1.227 | +0052 | 580 | £0.135 | 7199
T(1S) cross section results, for do/d|ly| , absolute values

(centraltstat.£syst.+lumi.).

lyl

Unpolarized

Helicity transverse

Helicity longitudinal

Collins-Soper transverse

Co

0.0: 2.0

7.35 4 0.137355 £0.81

8.56 + 0.157078 4 0.94

5.76 +0.107935 4+ 0.63

8.29 +0.157092 £ 0.91

0.0:0.4

1.62 4 0.067512 £ 0.18

1.86 +0.0675 11 +£0.20

1.31 £0.0555 08 +£0.14

1.84 +0.0675 11 £0.20

0.4:0.8

1.52 £ 0.0679 75 +0.17

1.78 £0.071517 £0.20

1.18 £ 0.0575:05 £0.13

1.70 4 0.071515 +£0.19

0.8:1.2

1.77 4 0.067515 +0.19

2.06 +0.07791% +0.23

1.38 £0.0570 85 £ 0.15

1.93 +£0.0710 15 £0.21

1.2:1.6

1.4740.067518 £ 0.16

1.7240.07751% £ 0.19

1.14 £0.0475 08 £0.13

1.6540.077515 £0.18

1.6:2.0

1.2340.0519 08 +0.13

1.45 4 0.067515 +0.16

0.94 +0.047335 £0.10

1.4740.067515 +£0.16
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Table 60: Cross section calculation cross check, for Y(1S) do/d|y|

T(1S5) pr ((GeV/e) raw fit weight, w CTOS
[rapidity| ‘ range mean tms | yield, N  s/e x?/ndf | mean rms (w)=! Cav. ~ N+ {w)
0.0- 04 0- 30 5.6 4.5 | 1431 £48 29 0.8 3.9 1.1 0.28+ 0.09 | 1.664 £ 0.058
0.4-0.8 0-30 5.4 4.2 | 1453 £54 26 0.9 3.3 1.0 0.30+ 0.09 | 1.582 £ 0.062
0.8-1.2 0-30 5.1 3.9 | 1949 £ 68 28 1.5 2.8 0.8 0.35+ 0.10 | 1.804 + 0.066
1.2-1.6 0- 30 4.9 3.8 | 1839 £ 70 26 1.1 2.5 0.5 0.40% 0.08 | 1.497 + 0.058
1.6- 2.0 0- 30 5.0 4.0 | 1391 £ 59 24 1.2 2.7 0.5 0.374+ 0.07 | 1.224 4+ 0.053
0.0-2.0 0-30 8064+ 136 7.769 + 0.845

Table 61: T(1S) cross section comparison: fit vs sum
Y(1S), pr < 30 0=T7353+0.132, Sdo=T7610+0.130, A=35%
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Figure 8: T(2S) cross section results, for do/d|y|
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Table 62: T(2S) cross section results, for do/d|y| , relative uncertainty in %.

ly| o stat./o Y /o Ac/o |HXT HXL CST CSL
0.0-20 194 43 9(6) 15(13) | +14  -19 412 -15
0.0-04 045 7 9Ty 16(15) | +11  -15 413 -16
04-08 041 9 19(18)  23(23) | +15 20 49  -12
08-12 037 11 14(13)  21(20) | +15 20 48  -11
12-16 041 9 14(12) 20(18) | +16 -21 412 -16
1.6-20 030 11 18(15)  24(22) | +16 21 420 -24
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Table 63: YT(2S) cross section systematics, for do/d|y| , relative uncertainty in

%.

ly] A Etrig,id Apr | Avex | Agsr | t&D | €579,y | BG | add.
0.0—-2.0 | 0.6(0.6) | 83(4.9) | 0.3(0.3) | 0.7 | 0.8 | 0.8 | 0.0 1.0 1.9 | 3.2
0.0—04 | 07(0.7) | 7.7(5.2) | 05(0.5) | 0.7 | 03 | 09 |06 | 1.5 | 01 | 32
04-0.810.7(0.6)| 76(52) | 0.4(04) | 0.8 | 04 | 0.8 | 0.3 1.3 | 164 | 3.2
0.8—1.2]0.6(0.6) | 83(5.7) | 0.3(0.4) | 0.7 | 1.2 | 0.8 | 0.1 0.5 |10.9 | 3.2
1.2—-1.6 | 0.6(0.5) | 85(4.1) | 0.2(0.2) | 0.6 | 1.4 | 0.7 | 0.3 0.6 |10.3 | 3.2
1.6 —2.0 | 0.6(0.7) | 10.2(4.1) | 0.0(0.1) | 0.8 | 1.0 | 0.6 | 1.1 0.8 | 143 3.2
Table 64: T(2S) cross section results, for do/d|y| , relative uncertainty in %.

ly| o stat. A | emigia | Sp | Apr | Avex | A | t&P | €5/p,1 BG Op | Etrk ext.
0.0: 2.0 | 1.94 | £4.3 | £58| *%3 | 193 | £0.7 | £0.8 | £0.8 | £0.0 | £1.0 | £1.9 | X3¢0 | £94 | £11.
0.0:04 | 045 | +7.5 | 0T | 7 | £0% | £0.7 | £0.3 | £0.9 | £0.6 | +1.5 | +0.1 | F55 | 02 | £11.
0.4:0.8 | 0.41 | +9.1 | *97 | *75 | #0411 408 | £04 | £0.8 | £0.3 | +1.3 | £16.4 | 39 | £33 | +11.;
0.8:1.2 | 0.37 | £10.8 | T06 | *83 | 03 1 407 | £1.2 | £0.8 | £0.1 | +0.5 | £10.9 | F05 | 04 | £11.:
1.2:1.6 | 041 | +8.9 | F08 | 8> 1 402 +0.6 | £1.4 | £0.7 | £0.3 | £0.6 | £10.3 | 59 | FO5 | £11:
1.6:2.0 | 0.30 | £11.1 | 38 | £.%2 | 09 | £0.8 | £1.0 | £0.6 | £1.1 | £0.8 | £14.3 | 50 | F05 | £11.

Table 65: T(2S) cross section results, for do/d|y| , absolute values.

ly| a(T(29)) stat. Doyst, | lumi. Ao
00-2.0| 1940 |40.081 [ *5151 | £0.213 | F9322
0.0-04 | 0454 | +0.034 | T35 | 4+ 0.050 | £5:072
0.4—08 | 0407 | 40037 | 0505 | £0.045 | T0995
0.8—1.2| 0366 |40.039 | 9992 | +£0.040 | T:07%
12-1.6 | 0415 | £0.037 | T390 | +£0.046 | 0052
1.6-20| 0297 | +0.033| %393 | +0.033 | £5:971




Table 66:

T(2S) cross section results,

(central+stat.+syst.+lumi.).

for do/dly|

, absolute values

ly| Unpolarized Helicity transverse Helicity longitudinal Collins-Soper transverse | Co
0.0: 2.0 | 1.89 £0.081515 £0.21 | 2.16 £0.097079 £ 0.24 | 1.53£0.0670 15 £0.17 | 2.1240.097039 +0.23 1
0.0:0.4 | 0.45+0.03755240.05 | 0.5140.047355 +0.06 | 0.3840.03700% +£0.04 | 0.51 +0.0473:0% +0.06 0
0.4:0.8 | 0.41 +£0.04705% +0.04 | 0.4740.047)0% +£0.05 | 0.3240.03790% +0.04 | 0.44 4 0.04730% +0.05 0
0.8:1.2 | 0.37£0.047552 40.04 | 0.4240.05735¢ +0.05 | 0.2940.0373:93 £ 0.03 | 0.39 4+ 0.0473-9¢ +0.04 0
1.2:1.6 | 0.4140.047595 £0.05 | 0.48 +£0.047057 £0.05 | 0.33 £0.037355 +£0.04 | 0.46 £ 0.04730¢ +0.05 0
1.6:2.0 | 0.3040.0379:92 +£0.03 | 0.34+0.047505 +£0.04 | 0.23+0.03%595 £0.03 | 0.36 +0.041595 +0.04 0
Table 67: Cross section calculation cross check, for YT(2S) do/d|y]

T(25) pr ((GeV/c) raw fit weight, w cross

[rapidity| ‘ range mean rtms | yield, N s/e x?/ndf | mean rms (w)=t Cav. ~ N - {(w)
0.0-04  0-30 5.3 4.0 | 467 £34 13 0.8 3.6 1.0 0.284+ 0.08 | 0.548 + 0.041 0
0.4-0.8 0-30 54 4.0 | 445+39 11 0.9 34 1.0 0.304 0.09 | 0.490 + 0.045 0
0.8-1.2 0-30 5.0 4.0 | 479 +48 9 L5 2.8 0.8 0.36+ 0.10 | 0.442 £ 0.046 O
1.2-16 0-30 48 38 [ 570+49 11 1.1 25 0.5 0.40+ 0.08 | 0.465 £ 0.041 0
1.6-20 0-30 4.9 3.7 130£39 9 1.2 2.7 0.5 0.37£ 0.07 | 0.310 £0.035 O
0.0-2.0  0-30 23124 94 2.255 + 0.824 2

Table 68: T(2S) cross section comparison: fit vs sum
T(2S), pr <30 o=1.8954+0.080, > .do=1940+0.081, A =24%
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Figure 9: T(3S) cross section results, for do/d|y|
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Table 69: T(3S) cross section results, for do/d|y| , relative uncertainty in %.

ly| o stat./o Y /o Ac/o |HXT HXL CST CSL
00-20 101 6.9 11(8) 17(15) | +14 -19 110 -13
0.0-04 027 11 10@8) 18(17) | +12  -16 410  -13
04-08 020 16  31(30) 37(36) | +14 -20 47  -10
08-12 024 15  19(18) 27(26) | +14 20  +7  -10
1.2-16 0.15 21 26 (25) 35(35) | +14 -20 +10 -13
1.6 -2.0 0.15 19 28 (26) 36(35) | +15 -21 +19 -23
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Table 70: YT(3S) cross section systematics, for do/d|y| , relative uncertainty in

%.

|y| A Etrig,id Sp ApT Avtx Afsr t&P 5J/¢,T BG add.
0.0-2.0 | 0.7(06) | 8.6(4.7) | 0.3(0.3) | 0.8 | 0.8 | 0.8 | 0.1 1.0 34 | 5.4
0.0—-0.4 | 0.8(0.7) | 83(5. 0.4(04) | 09 | 05 | 09 | 04 | 16 | 03 | 54
0.4—0.8|0.7(0.6) | 7.7(4. 0.4(05) | 09 | 05 | 08 | 0.6 | 1.2 |295]| 54
0.8—1.2 | 0.6(0.6) | 9.0(6. 04(04) | 08 | 1.1 | 0.8 | 0.1 0.8 |157 | 54
1.2—1.6 | 0.5(0.5) | 7.9(2. 0.2(0.2) | 0.8 | 1.0 | 0.7 | 0.7 | 0.1 |242]| 54
1.6 —2.0 | 0.7(0.6) | 10.0(2.9) | 0.1(0.1) | 0.7 | 1.0 | 0.6 | 1.2 0.7 |25.6| 54
Table 71: T(3S) cross section results, for do/d|y| , relative uncertainty in %.

ly| o stat. A | emigia | Sp | Apr | Avex | A | t&P | €5/p,1 BG Op | Etrk ext.
0.0: 2.0 | 1.01 | 6.9 | 57 | *58 | *93 | £0.8 | £0.8 | £0.8 | £0.1 | +1.0 | +3.4 | T35 | F02 | 412
0.0:0.4 | 0.27 | £10.5 | 98 | 22 | 04| £0.9 | £0.5 | £0.9 | £0.4 | £1.6 | £0.3 | T51 | 95 | £12.
0.4:0.8 | 0.20 | £15.8 | T0 & | T07 | f0% | £0.9 | £0.5 | £0.8 | £0.6 | +£1.2 | £29.5 | f0 0 | 102 | £12:
0.81.2 | 024 | £15.1 | 38 | 99 | #9411 408 | £1.1 | £0.8 | £0.1 | +£0.8 | +15.7 | ¥30 | +02 | 412
1.2:1.6 | 015 | £21.4 | T03 | *79 | t02 ) £0.8 | £1.0 | 4£0.7 | £0.7 | £0.1 | £24.2 | 50 | F09 | +12:
1.6:2.0 | 0.15 | £19.5 | 07 | £2%° | T01 | £0.7 | £1.0 | £0.6 | £1.2 | £0.7 | £25.6 | 109 | F05 | £12:

Table 72: T(3S) cross section results, for do/d|y| , absolute values.

lyl o(Y(39)) | stat. | > | lumi Ao
0.0—-2.0| 1008 |+0.070 | T35 | £0.111 | *0471
00-04 | 0272 | £0.029 | £5:055 | £0.030 | 15030
04-08| 0198 | +0.031 | Fg9% | £0.022 | ¥0:073
0.8—1.2| 023 | +0.036 | 70015 | £0.026 | *0:003
12—1.6 | 0150 | £0.032 | £33 | £0.017 | 5023
1.6—20 | 0151 | £0.029 | *0:0:5 | £0.017 | 77023
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Table

73:

T(3S) cross section results,

(central+stat.+syst.+lumi.).

for do/dly|

, absolute values

ly| Unpolarized Helicity transverse Helicity longitudinal Collins-Soper transverse | Co
0.0: 2.0 | 1.02+£0.0715 05 £0.11 | 1.16 £0.0810 (3 £0.13 | 0.83£0.067052 £0.09 | 1.12+0.087) (2 +0.12 0
0.0:0.4 | 0.2740.0375:93 +0.03 | 0.304+0.03%553 +0.03 | 0.2340.02105% +0.03 | 0.30 +0.03705% +0.03 0
0.4:0.8 | 0.20 £0.037955 +0.02 | 0.23 4+ 0.047)57 +£0.02 | 0.16 4+ 0.037902 +0.02 | 0.21 4 0.03730% +0.02 0
0.8:1.2 | 0.24+0.047954 +0.03 | 0.27+£0.047302 +0.03 | 0.1940.037592 +£0.02 | 0.2540.047595 +0.03 0
1.2:1.6 | 0.1540.037593 £0.02 | 0.17 +£0.047055 £0.02 | 0.12+0.03735% £ 0.01 | 0.16 £ 0.04730% +0.02 0
1.6:2.0 | 0.1540.037303 £0.02 | 0.17 £0.0373:05 +£0.02 | 0.12+0.027393 +£0.01 | 0.18 £0.0475-32 4 0.02 0
Table 74: Cross section calculation cross check, for T (3S) do/d|y]

T(39) pr ((GeV/c) raw fit weight, w CTOSS

[rapidity| ‘ range mean rtms | yield, N s/e x?/ndf | mean rms (w)=t Cav. ~ N - {(w)
0.0-04  0-30 5.6 4.3 | 314 £ 31 9 0.8 3.5 1.1 0.29+ 0.09 | 0.361 = 0.037 0O
04-08 0-30 51 39 |243+36 6 0.9 3.3 1.0 0.3040.09 | 0.265 £ 0.041 0
0.8-1.2 0-30 5.0 39 | 316 £46 7 1.5 2.8 0.8 0.35+0.09 | 0.295 £ 0.044 O
1.2-16 0-30 50 44 | 242444 5 1.1 24 05 041+ 0.09 | 0.194 £ 0.036 0
1.6-20 0-30 5.1 43 | 196 £36 5 1.2 2.7 0.5 0.37£0.07 | 0.172 £0.032 O
0.0-2.0 0-30 1310+ 87 1.287 £ 0.818 1

Table 75: T(3S) cross section comparison: fit vs sum
T(39), pr < 30 o =1.019+0.068, > do=1.008+0.070, A=11%
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0.1.4

Cross checks

Table 76: Total cross section: comparison global fit and sum of differential

results.

—~ o~
W DN =

,0<yl <2
,0< |yl <2
,0< |yl <2

o =17.353+0.132,
o =1.895 + 0.080 ,
o =1.019 £ 0.068 ,

S do = 7.370 £ 0.131 ,
S do = 1.902 + 0.079 ,
S do = 1.024 + 0.068

A =0.2%
A =0.4%
A =0.5%

NN W,
NSRS AN NN

A~ N N N N~
W W NN =

,0<yl <1
Jl<lyl<2:
,0< |yl <1 :
Jl<yl <2
L0< |yl <1
1<yl <2

o =7.353£0.132,
o =7.353+0.132,
o = 1.895+ 0.080 ,
o = 1.895+ 0.080 ,
o =1.019 + 0.068 ,
o =1.019 + 0.068 ,

S do = 4.031 £ 0.093
S do = 3.553 £ 0.090 ,
S do = 1.028 + 0.056 ,
S do = 0.934 + 0.058 ,
S do = 0.592 + 0.049
S~ do = 0.398 + 0.050 ,

A = 45.2%
A =51.7%
A = 45.7%
A =50.7%
A = 41.9%
A = 61.0%

apT<30
apT<30
7pT<30

B RRRRRRRRRA

—~ e~
W N =
) N n
NN

o =7.353+£0.132,
o =1.895+0.080 ,
o =1.019 £ 0.068 ,

S do = 7.610 +0.130 ,
S do = 1.940 + 0.081 ,
S do = 1.008 + 0.070 ,

A =35%
A =24%
A=11%
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0.2 Other Cross Section Results
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0.2.1

Cross section ratios

Table 77: Cross section ratios

Y(39) /T (1S)

T(28) /Y(18)

pr(GeV/e)
0—30
0—-3
3—6
6—9
9—-14
14 — 20
20 — 30

0.14 £0:01 £0:65
0.11 £0.35 +0:05
0.11 035 +0.03
0.17 £53 £0:05
0.20 £0:03 £0.03
0.26 £5106 £0704
0.44 £31§ £5.08

0.26 £0:03 £003
0.22 £33 £003
0.25 £33 £0.03
0.28 504 £0:01
0.33 £504 £0.01
0.35 £5707 =003
0.36 +011 +0.0
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Figure 10: Cross section ratios.
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0.2.2 Cross section overlay
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Figure 11: Cross sections overlayed
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0.3 Nominal Global Mass Fits
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T (1S) nominal raw (left) and weighted (right) global mass fits.

Figure 12
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T(2S) nominal raw (left) and weighted (right) global mass fits.

Figure 13
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T(3S) nominal raw (left) and weighted (right) global mass fits.

Figure 14
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0.4 Nominal Differential Mass Fits
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Figure 16: Y(1S) nominal weighted mass fits, for do/dpr |y| : (0, 1), (1,2) bin-
ning.
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Figure 17: T(1S) nominal weighted mass fits, for do/d|y| binning.
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Figure 18: T(2S) nominal weighted mass fits, for do/dpr, |y| : (0,2) binning.
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Figure 19: Y(2S) nominal weighted mass fits, for do/dpr |y| : (0, 1), (1,2) bin-
ning.
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Figure 20: T(2S) nominal weighted mass fits, for do/d|y| binning.
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Figure 21: T(3S) nominal weighted mass fits, for do/dpr, |y| : (0,2) binning.
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Figure 22: T(3S) nominal weighted mass fits, for do/dpr |y| : (0, 1), (1,2) bin-
ning.
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Figure 23: T(3S) nominal weighted mass fits, for do/d|y| binning.
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0.5 Nominal Differential Mass Fits (RAW)
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Figure 24: T(1S) nominal raw mass fits, for do/dpr, |y| : (0,2) binning.
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Figure 25: T(2S) nominal raw mass fits, for do/dpr, |y| : (0,2) binning.
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Figure 26: T(3S) nominal raw mass fits, for do/dpr, |y| : (0,2) binning.
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Figure 29: Y(3S) pr distribution, for do/dpr, |y| : (0,2)binning.
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0.8 Systematic Differential Mass Fits
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0.8.1 systematics source: nominal

Systematics contribution from nominal reference
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binning.

:(0,2)

(1S) systematic mass fits:nominal, for do/dpr, |y|
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Figure 46: Y(1S) systematic mass fits:nominal, for do/dpr |y| : (0,1),(1,2)
binning.
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CMS preliminary VS=7TeV L=3pb*

00<ly"1<0.4, 0055 <300

Figure 47: T(1S) systematic mass fits:nominal, for do/d|y| binning.
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Figure 48: T(2S) systematic mass fits:nominal, for do/dpr, |y| : (0, 2) binning.
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Figure 49: Y(2S) systematic mass fits:nominal, for do/dpr |y| : (0,1),(1,2)
binning.
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CMS preliminary VS=7TeV L=3pb*
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Figure 50: T(2S) systematic mass fits:nominal, for do/d|y| binning.
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Figure 51: T(3S) systematic mass fits:nominal, for do/dpr, |y| : (0, 2) binning.
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Figure 52: Y(3S) systematic mass fits:nominal, for do/dpr |y| : (0,1),(1,2)
binning.
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CMS preliminary VS=7TeV L=3pb*

00<ly"1<0.4, 0055 <300

Figure 53: T(3S) systematic mass fits:nominal, for do/d|y| binning.
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0.8.2 systematics source: linear812

Systematics contribution from linear background mass
shape in 8-12 GeV /c?
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: (0,2) binning.

1S) systematic mass fits:linear812, for do/dpr, |y

(

Figure 54: T
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Figure 55: Y(1S) systematic mass fits:linear812, for do/dpt |y| : (0,1),(1,2)

binning.
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CMS preliminary VS=7TeV L=3pb*

Figure 56: T(1S) systematic mass fits:linear812, for do/d|y| binning.
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Figure 57: Y(2S) systematic mass fits:linear812, for do/dpr, |y| : (0,2) binning.
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Figure 58: T(29)

binning.

systematic mass fits:linear812, for do/dpr |y| : (0,1),(1,2)
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CMS preliminary VS=7TeV L=3pb*

Figure 59: T(2S) systematic mass fits:linear812, for do/d|y| binning.
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Figure 60: Y (3S) systematic mass fits:linear812, for do/dpr, |y| : (0,2) binning.
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Figure 61: Y(3S) systematic mass fits:linear812, for do/dpt |y| : (0,1),(1,2)
binning.
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CMS preliminary VS=7TeV L=3pb*

Figure 62: T(3S) systematic mass fits:linear812, for do/d|y| binning.
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0.8.3 systematics source: tnpmc

Systematics contribution from tnp from J/¥ MC, for
muon id and trigger efficiency
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0,2) binning.

(

for do/dpr, |y

Figure 63: T(1S) systematic mass fits:tnpmc,
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00<ly"1<0.4, 0055 <300

CMS preliminary VS=7TeV L=3pb*

Figure 65: T(1S) systematic mass fits:tnpme, for do/d|y| binning.
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Figure 66: T(2S) systematic mass fits:tnpme, for do/dpr, |y| :
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Figure 67: Y(2S) systematic mass fits:tnpmec, for do/dpr |y| : (0, 1), (1,2) bin-
ning.
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00<ly"1<0.4, 0055 <300

CMS preliminary VS=7TeV L=3pb*

Figure 68: T(2S) systematic mass fits:tnpme, for do/d|y| binning.
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: (0,2) binning.

Figure 69: T(3S) systematic mass fits:tnpme, for do/dpr, |y
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Figure 70: Y (3S) systematic mass fits:tnpmec, for do/dpr |y| : (0,1),(1,2) bin-
ning.
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00<ly"1<0.4, 0055 <300

CMS preliminary VS=7TeV L=3pb*

Figure 71: T(3S) systematic mass fits:tnpme, for do/d|y| binning.
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0.8.4 systematics source: mctrue

Systematics contribution from tnp from J/W MC truth,
for muon id and trigger efficiencies
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CMS preliminary VS=7TeV L=3pb*

00<ly"1<0.4, 0055 <300

Figure 74: T(1S) systematic mass fits:mctrue, for do/d|y| binning.
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Figure 75: T(2S) systematic mass fits:mctrue, for do/dpr, |y| : (0,2) binning.
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Figure 76: Y(2S) systematic mass fits:mctrue, for do/dpr |y| : (0,1),(1,2)
binning.
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CMS preliminary VS=7TeV L=3pb*

00<ly"1<0.4, 0055 <300

Figure 77: T(2S) systematic mass fits:mctrue, for do/d|y| binning.
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: (0,2) binning.

Figure 78: T(3S) systematic mass fits:mctrue, for do/dpr, |y
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Figure 79: Y(3S) systematic mass fits:mctrue, for do/dpt |y| : (0,1),(1,2)
binning.
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CMS preliminary VS=7TeV L=3pb*

00<ly"1<0.4, 0055 <300

Figure 80: T(3S) systematic mass fits:mctrue, for do/d|y| binning.
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0.8.5 systematics source: tnpmcUps

Systematics contribution from tnp from T MC truth,
for muon id and trigger efficiencies
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Figure 81: Y(1S) systematic mass fits:tnpmcUps, for do /dpr, |y| : (0,2) binning.
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Figure 82: Y(1S) systematic mass fits:tnpmcUps, for do/dpr |y| : (0,1),(1,2)
binning.
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CMS preliminary VS=7TeV L=3pb*

00<ly"1<0.4, 0055 <300

Figure 83: T(1S) systematic mass fits:tnpmcUps, for do/d|y| binning.
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Figure 84: Y(2S) systematic mass fits:tnpmcUps, for do /dpr, |y| : (0,2) binning.

CMS preliminary NE=TTeV L= 3pb*
CMS preliminary NE=TTev L= 3pb?
CMS preliminary \E=TTev L= 3pb?

() (b) (c)

il

s ¥
W mass (GeVIc?)

CMS prefiminary \=7Tev L= 3pb?
CMS preliminary \E=7Tev L= 3pb?
CMS prefiminary VE=7Tev L= 3pb*

T
g § ® 8§ =8

Canso sg0); swers (nso s00); suer3 (o0 500 swerz

(d) (e) ()

. .
£
k1 k1
£ E
o a
g g
§ :

oo so0) swera

(8) 138 (h)



Figure 85: Y(2S) systematic mass fits:tnpmcUps, for do/dpr |y| : (0,1),(1,2)
binning.

s F
W mass (GeVic?)

,
s ¥
W mass (GeVic?)

15
W mass (Gevic?)

CMS prefiminary VS=7Tev L= 3pb’
CMS preliminary \=7Tev L= 3pb?

3
by
2
£
n
2
3

bl oo
HERE § 5 85 8 8 8

Cansosa0); swars oo so0) swers (oo sn0); swers

(a) (b) (c)

CMS preliminary NE=TTeV L= 3pb®
CMS preliminary NE=TTev L= 3pb?
CMS preliminary \E=TTev L= 3pb?

oo son) suena

s ¥
WU mass (GeVic?)

7Tev L=3pb"

3
5
4
H
2
5

CMS preliminary NE=TTev L= 3pb*

CMS preliminary \s:

Ll
g 3

TN
g8 88 8

(anso sa0); suers (anso s00); suens (oo sa0); swers

139
() (h) ()




CMS preliminary VS=7TeV L=3pb*

00<ly"1<0.4, 0055 <300

Figure 86: T(2S) systematic mass fits:tnpmcUps, for do/d|y| binning.
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: (0, 2) binning.

Figure 87: T (3S) systematic mass fits:tnpmcUps, for do/dpr, |y
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Figure 88: T(3S) systematic mass fits:tnpmcUps, for do/dpr |y| : (0,1),(1,2)
binning.
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CMS preliminary VS=7TeV L=3pb*

00<ly"1<0.4, 0055 <300

Figure 89: T(3S) systematic mass fits:tnpmcUps, for do/d|y| binning.
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0.8.6 systematics source: EtrkLo

Systematics contribution from tracking, quality, vertex efficiency
stat unc (+10)
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Figure 91: Y(1S) systematic mass fits:EtrkLo, for do/dpr |y
binning.
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00<ly"1<0.4, 0055 <300

CMS preliminary VS=7TeV L=3pb*

Figure 92: T(1S) systematic mass fits:EtrkLo, for do/d|y| binning.
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Figure 93: T(2S) systematic mass fits:EtrkLo, for do/dpr, |y| : (0, 2) binning.
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Figure 94: Y(2S) systematic mass fits:EtrkLo, for do/dpr |y| : (0,1),(1,2)
binning.
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00<ly"1<0.4, 0055 <300

CMS preliminary VS=7TeV L=3pb*

Figure 95: T(2S) systematic mass fits:EtrkLo, for do/d|y| binning.
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Figure 96: T(3S) systematic mass fits:EtrkLo, for do/dpr, |y| : (0, 2) binning.
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Figure 97: Y(3S) systematic mass fits:EtrkLo, for do/dpr |y| : (0,1),(1,2)
binning.
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00<ly"1<0.4, 0055 <300

CMS preliminary VS=7TeV L=3pb*

Figure 98: T(3S) systematic mass fits:EtrkLo, for do/d|y| binning.
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0.8.7 systematics source: EtrkHi

Systematics contribution from  tracking, quality, vertex efficiency
stat unc (-1o)
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Figure 100: Y(1S) systematic mass fits:EtrkHi, for do/dpr |y| : (0,1),(1,2)
binning.
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Figure 101: Y(1S) systematic mass fits:EtrkHi, for do/d|y| binning.
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Figure 102: T(2S) systematic mass fits:EtrkHi, for do/dpr, |y| : (0, 2) binning.
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Figure 103: Y(2S) systematic mass fits:EtrkHi, for do/dpr |y| : (0,1),(1,2)
binning.
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CMS preliminary VS=7TeV L=3pb*
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Figure 104: Y(2S) systematic mass fits:EtrkHi, for do/d|y| binning.
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Figure 105: Y(3S) systematic mass fits:EtrkHi, for do/dpr, |y| : (0, 2) binning.
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Figure 106: Y(3S) systematic mass fits:EtrkHi, for do/dpr |y| : (0,1),(1,2)
binning.
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CMS preliminary VS=7TeV L=3pb*
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Figure 107: T(3S) systematic mass fits:EtrkHi, for do/d|y| binning.
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0.8.8 systematics source: EtrecoHi

Systematics contribution from muon id and trigger stat uncer-
tainty (-10)
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Figure 108: YT(1S) systematic mass fits:EtrecoHi, for do/dpr, |y| : (0,2) binning.
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Figure 109: Y(1S) systematic mass fits:EtrecoHi, for do/dpr |y| : (0,1),(1,2)
binning.
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Figure 110: T(1S) systematic mass fits:EtrecoHi, for do/d|y| binning.
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Figure 111: Y(2S) systematic mass fits:EtrecoHi, for do /dpr, |y| : (0,2) binning.
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Figure 112: Y(2S) systematic mass fits:EtrecoHi, for do/dpr |y| : (0,1),(1,2)
binning.
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Figure 113: T(2S) systematic mass fits:EtrecoHi, for do/d|y| binning.
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Figure 114: Y(3S

~

systematic mass fits:EtrecoHi, for do/dpr, |y| : (0,2) binning.
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Figure 115: Y(3S) systematic mass fits:EtrecoHi, for do/dpr |y| : (0,1),(1,2)
binning.
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CMS preliminary VS=7TeV L=3pb*
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Figure 116: T(3S) systematic mass fits:EtrecoHi, for do/d|y| binning.
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0.8.9 systematics source: EtrecoLo

Systematics contribution from muon id and trigger stat uncer-
tainty (+10)
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Figure 117: Y(1S) systematic mass fits:EtrecoLo, for do/dpr, |y| : (0,2) binning.
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Figure 118: Y(1S) systematic mass fits:EtrecoLo, for do/dpr |y| : (0,1),(1,2)
binning.
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Figure 119: T(1S) systematic mass fits:EtrecoLo, for do/d|y| binning.
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Figure 120: Y(2S) systematic mass fits:EtrecoLo, for do/dpr, |y| : (0,2) binning.
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Figure 121: Y(2S) systematic mass fits:EtrecoLo, for do/dpr |y| : (0,1),(1,2)
binning.
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CMS preliminary VS=7TeV L=3pb*

Figure 122: T(2S) systematic mass fits:EtrecoLo, for do/d|y| binning.
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: (0, 2) binning.

Figure 123: T (3S) systematic mass fits:EtrecoLo, for do/dpr, |y
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Figure 124: T(3S) systematic mass fits:EtrecoLo, for do/dprt |y| : (0,1),(1,2)
binning.
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Figure 125: T(3S) systematic mass fits:EtrecoLo, for do/d|y| binning.
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0.8.10 systematics source: AccLo

Systematics contribution from acceptance stat uncertainty (410)
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Figure 126: T(1S) systematic mass fits:AccLo, for do/dpr, |y
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Figure 127: Y(1S) systematic mass fits:AccLo, for do/dpt |y|

binning.
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Figure

128: Y(1S) systematic mass fits:AccLo, for do/d|y| binning.
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Figure 129: T(2S) systematic mass fits:AccLo, for do/dpr, |y| : (0,2) binning.
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Figure 130: Y(2S) systematic mass fits:AccLo, for do/dpr |y| : (0,1),(1,2)
binning.
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Figure

131: Y(2S) systematic mass fits:AccLo, for do/d|y| binning.
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Figure 132: T(3S) systematic mass fits:AccLo, for do/dpr, |y| : (0,2) binning.

14

H H 3 H

S 8 8 e

g § § g

H 1-E 1.8 H o
A bA

3

004
004

3 5 5
£ 1= £ e £ 8
g g g
£ T £ T H o
h 5 : o
¢ ] ¢ } ¢
8 Lttt Bl Sl B g i} .
ESEEREER E &8 & % § 88 8 ¢ 8
Jrop— ro—
[pes—— [pew—— [rr—

(a) (b) (c)

3 § g

3pb*
3pb*
3pb?

=7Tev L
TTev L
Tev L

CMS preliminary -
CMS preliminary -
CMS preliminary -

ind sy
Cmsn so0) swena (oo sg0) suena (o0 s00) swara

ind enpisos

(d) (e) ()

191



Figure 133: T(3S) systematic mass fits:AccLo, for do/dpr |y| : (0,1),(1,2)
binning.
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Figure

134: T(3S) systematic mass fits:AccLo, for do/d|y| binning.
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0.8.11 systematics source: AccHi

Systematics contribution from acceptance stat uncertainty (-1o)
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Figure 136: Y(1S) systematic mass

binning.
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Figure 138: T(2S) systematic mass fits:AccHi, for do/dpr, |y| : (0,2) binning.
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Figure 139: Y(2S) systematic mass fits:AccHi, for do/dpr |y| : (0,1),(1,2)
binning.
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Figure 141: YT(3S) systematic mass fits:AccHi, for do/dpr, |y| : (0,2) binning.
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Figure 142: Y(3S) systematic mass fits:AccHi, for do/dpr |y| : (0,1),(1,2)
binning.
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0.8.12 systematics source: ptscaleLo

Systematics contribution from acceptance pr scale (-1o)
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Figure 145: T(1S) systematic mass fits:ptscaleLo, for do/dpr |y| : (0,1),(1,2)
binning.
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Figure 146: Y(1S) systematic mass fits:ptscaleLo, for

CMS preliminary VS=7TeV L=3pb*
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Figure 147: Y(2S) systematic mass fits:ptscaleLo, for do/dpr,|y| : (0,2) bin-
ning.
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Figure 148: T(2S) systematic mass fits:ptscaleLo, for do/dpr |y| : (0,1),(1,2)
binning.
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Figure 149: T(2S) systematic mass fits:ptscaleLo, for

CMS preliminary VS=7TeV L=3pb*
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Figure
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150: Y(3S) systematic mass fits:ptscaleLo, for do/dpr, |y|
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Figure 151: T(3S) systematic mass fits:ptscaleLo, for do/dpr |y| : (0,1),(1,2)
binning.
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Figure 152: T(3S) systematic mass fits:ptscaleLo, for
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0.8.13 systematics source: ptscaleHi

Systematics contribution from acceptance pr scale (+10)
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Figure 153: YT(1S) systematic mass fits:ptscaleHi, for do /dpr, |y| : (0,2) binning.
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Figure 154: Y(1S) systematic mass fits:ptscaleHi, for do/dpt |y| : (0,1),(1,2)
binning.
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Figure 155: T(1S) systematic mass fits:ptscaleHi, for do/d|y| binning.
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Figure 156: Y(2S) systematic mass fits:ptscaleHi, for do /dpr, |y| : (0,2) binning.
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Figure 157: Y(2S) systematic mass fits:ptscaleHi, for do/dpt |y| : (0,1),(1,2)
binning.
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Figure 158: T(2S) systematic mass fits:ptscaleHi, for do/d|y| binning.
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Figure 159: T(3S) systematic mass fits:ptscaleHi, for do/dpr, |y| : (0,2) binning.
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Figure 160: T(3S) systematic mass fits:ptscaleHi, for do/dpt |y| : (0,1),(1,2)
binning.
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CMS preliminary VS=7TeV L=3pb*
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Figure 161: T(3S) systematic mass fits:ptscaleHi, for do/d|y| binning.
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0.8.14 systematics source: ptresoLo

Systematics contribution from acceptance pr resolution (-1o)
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Figure 162: T(1S) systematic mass fits:ptresoLo, for do/dpr, |y| : (0,2) binning.
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Figure 163: T(1S) systematic mass fits:ptresoLo, for do/dpr |y| : (0,1),(1,2)
binning.
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Figure 164: T(1S) systematic mass fits:ptresoLo, for do/d|y| binning.
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Figure 165: T(2S) systematic mass fits:ptresoLo, for do/dpr, |y| : (0,2) binning.
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Figure 166: T(2S) systematic mass fits:ptresoLo, for do/dpr |y| : (0,1),(1,2)
binning.
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CMS preliminary VS=7TeV L=3pb*
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Figure 167: T(2S) systematic mass fits:ptresoLo, for do/d|y| binning.
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Figure 168: YT(3S) systematic mass fits:ptresoLo, for do/dpr, |y| : (0,2) binning.
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Figure 169: Y(3S) systematic mass fits:ptresoLo, for do/dpr |y| : (0,1),(1,2)
binning.
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CMS preliminary VS=7TeV L=3pb*
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Figure 170: T(3S) systematic mass fits:ptresoLo, for do/d|y| binning.
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0.8.15 systematics source: ptresoHi

Systematics contribution from acceptance pr resolution
(+10)
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Figure 171: T(1S) systematic mass fits:ptresoHi, for do/dpr, |y| : (0, 2) binning.
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Figure 172: T(1S) systematic mass fits:ptresoHi, for do/dpt |y| : (0,1),(1,2)
binning.
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00<ly"1<0.4, 0055 <300

CMS preliminary VS=7TeV L=3pb*

Figure 173: T(1S) systematic mass fits:ptresoHi, for do/d|y| binning.
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Figure 174: T(2S) systematic mass fits:ptresoHi, for do/dpr, |y| : (0, 2) binning.
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Figure 175: T(2S) systematic mass fits:ptresoHi, for do/dpt |y| : (0,1),(1,2)
binning.
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00<ly"1<0.4, 0055 <300

CMS preliminary VS=7TeV L=3pb*

Figure 176: T(2S) systematic mass fits:ptresoHi, for do/d|y| binning.
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Figure 177: T(3S) systematic mass fits:ptresoHi, for do/dpr, |y| : (0,2) binning.
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Figure 178: T(3S) systematic mass fits:ptresoHi, for do/dpt |y| : (0,1),(1,2)
binning.
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00<ly"1<0.4, 0055 <300

CMS preliminary VS=7TeV L=3pb*

Figure 179: T(3S) systematic mass fits:ptresoHi, for do/d|y| binning.
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0.8.16 systematics source: ptspec

Systematics contribution from acceptance pr spectrum
(pythia reweighted)
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Figure 180: Y(1S) systematic mass fits:ptspec, for do/dpr, |y
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Figure 181: Y(1S) systematic mass fits:ptspec, for do/dpr |y| : (0,1),(1,2)
binning.
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CMS preliminary VS=7TeV L=3pb*

00<ly"1<0.4, 0055 <300

Figure

182: YT(1S) systematic mass fits:ptspec, for do/d|y| binning.
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Figure 183: T(2S) systematic mass fits:ptspec, for do/dpr, |y| : (0,2) binning.
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Figure 184: Y(2S) systematic mass fits:ptspec, for do/dpr |y| : (0,1),(1,2)
binning.
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CMS preliminary VS=7TeV L=3pb*
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Figure

185: T(2S) systematic mass fits:ptspec, for do/d|y| binning.
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Figure 186: Y(3S) systematic mass fits:ptspec, for do/dpr, |y| : (0, 2) binning.

14

H H 3 H

S 8 8 e

g § § g

H 1-E 1.8 H o
A bA

3

004
004

=3pu*
=3pu*

=TTev L
=TTev L:

CMS preliminary VS=7TeV L=3pb*

CMS preliminary VS:
CMS preliminary V-

L
&

nn
R EE

ind enpisay nd enpisay
(oo sa0); swers (oo s00), suerz (oo su0); swers

(a) (b) (c)

00<ly"|<2.0, 9.0<pY <14.0
004" (<20, 140! <200
0.0<ly"[<2.0, 20.0<p"<30.0

3pb*
3pb*
3pb?

=7Tev L
TTev L
Tev L

CMS preliminary -
CMS preliminary -
CMS preliminary -

ind sy
Cmsn so0) swena (oo sg0) suena (o0 s00) swara

ind enpisos

(d) (e) ()

251



Figure 187: T(3S) systematic mass fits:ptspec, for do/dpr |y| : (0,1),(1,2)
binning.
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CMS preliminary VS=7TeV L=3pb*
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Figure

188: T(3S) systematic mass fits:ptspec, for do/d|y| binning.
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0.8.17 systematics source: vtxpos

Systematics contribution from acceptance vertex position
(luminous region)
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Figure 189: YT (1S) systematic mass fits:vtxpos, for do/dpr, |y| : (0, 2) binning.
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Figure 190: T(1S) systematic mass fits:vtxpos, for do/dpr |y| : (0,1),(1,2)
binning.
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CMS preliminary VS=7TeV L=3pb*
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Figure 191: Y(1S) systematic mass fits:vtxpos, for do/d|y| binning.
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Figure 192: T(2S) systematic mass fits:vtxpos, for do/dpr, |y| : (0, 2) binning.
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Figure 193: T(2S) systematic mass fits:vtxpos, for do/dpr |y| : (0,1),(1,2)
binning.

W mass (Gevic?)

CMS prefiminary VS=7Tev L= 3pb’
CMS preliminary \=7Tev L= 3pb?
CMS prefiminary S=7Tev L= 3pb*

)
=
00

RS T N ER R

Cansosa0); swars oo so0) swers (oo sn0); swers

(a) (b) (c)

1

|
15
W mass (GeVic?)

CMS preliminary NE=TTeV L= 3pb®
CMS preliminary NE=TTev L= 3pb?
CMS preliminary \E=TTev L= 3pb?

(e) ()

7Tev L=3pb"

CMS preliminary \s:

CMS preliminary \B=7TeV L= 3pb™
CMS preliminary \B=7TeV L= 3pb’

Lol
HER R R EEE

(anso sa0); suers (anso s00); suens (oo sa0); swers

259
() (h) ()




CMS preliminary VS=7TeV L=3pb*
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Figure 194: T(2S) systematic mass fits:vtxpos, for do/d|y| binning.
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Figure 195: T(3S) systematic mass fits:vtxpos, for do/dpr, |y| : (0,2) binning.
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Figure 196: T(3S) systematic mass fits:vtxpos, for do/dpr |y| : (0,1),(1,2)
binning.
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CMS preliminary VS=7TeV L=3pb*
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Figure 197: T(3S) systematic mass fits:vtxpos, for do/d|y| binning.
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0.8.18 systematics source: nofsr

Systematics contribution from acceptance with no fsr

264



ind enpisou
nd s

0,2) binning.

(
)

|y

oo s0) s
(oo su0); swers

Lol bl
(om0 s00) swan

Ladg =1 AaLz=sN Areunieid SWO

for do/dpr,

ind enpisou

nd enpsens

)

)

b
(
965

(

Cnso so0) suena
(nso s00); suer3
oo son) suena

ind sy

ind s

)
)

(a
(d
()

Cansoso0) swena
Canso sg0); swers
o son) swena

290 =1 ASLL=SN Aseuniieid SWO L9dE =1 AsLs=SN Aruupid SWO

Figure 198: T(1S) systematic mass fits:nofsr,

01518209 0251, 8500

[

(inoe) ssew .t
o7 1

095,805 '02>],A1>00

Pttt

(1neo) ssew it
o7 1 z

05,0207 ‘0221, 4200



Figure 199: T(1S) systematic mass fits:nofsr, for do/dpr |y| : (0,1),(1,2) bin-

ning.
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CMS preliminary VS=7TeV L=3pb*
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Figure 200: Y(1S) systematic mass fits:nofsr, for do/d|y| binning.
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Figure 201: T(2S) systematic mass fits:mofsr, for do/dpr, |y| : (0,2) binning.
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Figure 202: T(2S) systematic mass fits:nofsr, for do/dpr |y| : (0,1),(1,2) bin-
ning.
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CMS preliminary VS=7TeV L=3pb*
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Figure 203: T(2S) systematic mass fits:nofsr, for do/d|y| binning.
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: (0,2) binning.

Figure 204: T(3S) systematic mass fits:nofsr, for do/dpr, |y
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Figure 205: YT(3S) systematic mass fits:nofsr, for do/dpt |y| : (0,1),(1,2) bin-
ning.
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Figure 206: Y(3S) systematic mass fits:nofsr, for do/d|y| binning.
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0.8.19 systematics source: otherLo

Systematics contribution from mass scale uncertainty
on mass reconstruction (-1o)
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: (0,2) binning.

systematic mass fits:otherLo, for do/dpr, |y|
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Figure 208: Y(1S) systematic mass fits:otherLo, for do/dpr |y| : (0,1),(1,2)
binning.
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Figure 209: T(1S) systematic mass fits:otherLo, for do/d|y| binning.
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Figure 210: Y(2S) systematic mass fits:otherLo, for do/dpr, |y| : (0,2) binning.
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Figure 211:

binning.
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Figure 212: T(2S) systematic mass fits:otherLo, for do/d|y| binning.
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Figure 213: Y(3S) systematic mass fits:otherLo, for do/dpr, |y| : (0,2) binning.
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Figure 214: Y(3S) systematic mass fits:otherLo, for do/dpt |y| : (0,1),(1,2)
binning.
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Figure 215: T(3S) systematic mass fits:otherLo, for do/d|y| binning.

,
s

W mass (GeVic?)

(oo sa0); swers

FTNIAANIIE:
R

(a)

p

8 H g H
NS 8 R -1
g i g

S 1€ S JnE
g v

] ] =l T

. .
= £ = £ 2
g g
1 £ 1 i hs
B I NI . NI [l YT IR ITeT R N
g $ 9 greee s §8
ey (9199 500 ) 1083 {7089 500 s1wer3
(b) (c)
H B H
hS & S
& i &
] H 2

TTev L= 3pb*

CMS preliminary

TTev L= 3pb?

CMS preliminary

P I |
g 8

(oo so0) swena

ind pnpisou

(d) (e)

283



0.8.20 systematics source: otherHi

Systematics contribution from mass scale uncertainty
on mass reconstruction (+10)

284



binning.

:(0,2)

(1S) systematic mass fits:otherHi, for do/dpr, |y|

Figure 216: T
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Figure 217: T(1S) systematic mass fits:otherHi, for do/dpr |y| : (0,1),(1,2)
binning.

,
s

W mass (GeVic?)

s F
W mass (GeVic?)

CMS prefiminary VS=7Tev L= 3pb’
CMS preliminary \=7Tev L= 3pb?
CMS prefiminary S=7Tev L= 3pb*

T f s 988 ¢

Cansosa0); swars oo so0) swers (oo sn0); swers

(a) (b) (c)

CMS preliminary NE=TTeV L= 3pb®
CMS preliminary \=7TeV L= 3pb®*
CMS preliminary \E=7TeV L= 3pbi

(e) ()

14

s

7Tev L=3pb"

CMS preliminary \B=7TeV L= 3pb™
CMS preliminary \B=7TeV L= 3pb’

CMS preliminary \s:

§

(anso s00); suens (o0 s00) swera

NIRRT =
g

Camsosa0);

286
() (h) ()

1

15
W mass (GeVic?)




CMS preliminary VS=7TeV L=3pb*

00<ly"1<0.4, 0055 <300

Figure 218: T(1S) systematic mass fits:otherHi, for do/d|y| binning.
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Figure 219: T(2S) systematic mass fits:otherHi, for do/dpr,|y| : (0,2) binning.
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Figure 220: T(2S) systematic mass fits:otherHi, for do/dpr |y| : (0,1),(1,2)
binning.
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Figure 221: T(2S) systematic mass fits:otherHi, for do/d|y| binning.
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Figure 222: T(3S) systematic mass fits:otherHi, for do/dpr,|y| : (0,2) binning.
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Figure 223: T(3S) systematic mass fits:otherHi, for do/dpr |y| : (0,1),(1,2)
binning.
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Figure 224: T(3S) systematic mass fits:otherHi, for do/d|y| binning.
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