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Parameterisation

“intrinsic” NP contribution
(x- and br-dependent)
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e “intrinsic” contribution: g-Gaussian (Tsallis) + simple Gaussian
e g-Gaussian has larger tail —> bigger contribution at small gr



Parameterisation

“intrinsic” NP contribution
(x- and br-dependent)
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e NP correction: quadratic and quartic terms

e quartic term allows to reproduce energy evolution



Parameterisation

“intrinsic” NP contribution
(x- and br-dependent)

- 9
fp(z,br,C) = [ S 2+ Aexp (—ng(f)b—T)] /

2
bT

X exp [— (92 -+ gwb%) In (Qif)) I] \

NP correction to pert. evolution
(br-dependent)

J.er ]. 2 A
g1(z) = =g EXP [—@ln (—

N 1 o [ x x-dep. width of TMDs
ate) = 22 xp [ Lo (2)]

roRp OR ap

e “intrinsic” contribution: g-Gaussian (Tsallis) + simple Gaussian

e g-Gaussian has larger tail —> bigger contribution at small gr
e NP correction: quadratic and quartic terms

e quartic term allows to reproduce energy evolution



Parameterisation

“intrinsic” NP contribution
(x- and br-dependent)

NP correction to pert. evolution
(br-dependent)

Nip 1 x x-dep. width of TMDs

ng(.’L‘) = Eexp [—Elnz (£>]/
e “intrinsic” contribution: g-Gaussian (Tsallis) + simple Gaussian

e g-Gaussian has larger tail —> bigger contribution at small gr
e NP correction: quadratic and quartic terms

e quartic term allows to reproduce energy evolution

9 parameters (X 92,928, N1,0,a, N1p,08,a5)



Experimental data

Experiment | N4, | Observable | /s [GeV] | Q [GeV] y or Ty Lepton cuts
E605 50 | Ed*c/d%q 38.8 7-18 zp = 0.1 -
E288 200 GeV | 30 | Ed's/d’q 19.4 4-9 y = 0.40 -
E288 300 GeV | 39 Ed*c/d’q 23.8 4-12 y =021 -
E288 400 GeV | 61 | Ed*s/d%g 27.4 5-14 y = 0.03 .
STAR 510 7 do [dgr 510 73 - 114 yl <1 pre > 25 Gev
ne| <1
CDF Run I 25 do fdgr 1800 66 - 116 Inclusive -
CDF Run II 26 do fdqr 1960 66 - 116 Inclusive -
DO Run I 12 do fdqr 1800 75 - 105 Inclusive -
DO Run II 5 | (1/o)de/dgr 1960 70 - 110 Inclusive -
15 GeV
DORunIl(n) | 3 |(1/o)do/dgr | 1960 | 65- 115 yl < 1.7 pTItnT . IG:
¢ .
pre > 20 GeV
LHCb 7 T do/d - 12 2 4.5
Cb7TeV | 7 /dgr 7000 | 60 - 120 <y<as | s
LHCb 8 TeV | 7 do /dqr 8000 | 60-120 | 2<y<4dp |PTe> 206GV
2<ne <45
LHCb 13 TeV | 7 do [dgr 13000 | 60-120 | 2<y<4s |PTt>20GV
2<ne <45
CMS7TeV | 4 |(1/o)do/dgr | 7000 | 60- 120 yl < 2.1 pTItn>I iOzGleV
¢ .
CMS8TeV | 4 |(1/o)do/dgr | 8000 | 60- 120 yl < 2.1 pTl‘;I 152(;1""
? .
6 ly| <1
ATLAS7TTeV | 6 | (1/o)dofdgr | 7000 | 66-116 | 1< |yl <2 ”Tl‘ >| 202(;4“
6 2< |yl <24 el < &
6 ly| < 0.4
6 04 < |yl <08
ATLAS8 TeV | 6 0.8 < |y| <1.2 | pre > 20 GeV
1/0)d 800 66 - 116
on-peak 6 (1/0)do [dgr 0 12< |yl <16 |me| < 2.4
6 16 < |yl <2
6 2< |yl <24
ATLAS 8 TeV 4 46 - 66 pre > 20 GeV
off-peak g |(fo)dojdgr | 8000 |, 0 | <24 Ine| < 2.4
Total 353 - - - - .




Only data with
qgr/Q < 0.2

Experimental data

—

Experiment g N4, ) Observable | /s [GeV] | Q [GeV] y or T Lepton cuts
E605 | D Ed*c/d%q 38.8 7-18 zr = 0.1 .
E288700 GeV | 30 | Ed's/d’q 19.4 4-9 v = 0.40 -
288 300 GeV | 39 Ed*c/d’q 23.8 4-12 y = 0.21 .
E288 400 GeV | 61 | Ed*s/d%g 27.4 5-14 y = 0.03 -
STAR 510 7 do [dgr 510 73 - 114 l <1 pre > 25 GeV
ne| <1
CDF Run I 25 do fdgr 1800 66 - 116 Inclusive -
CDF Run II 26 do [dqr 1960 66 - 116 Inclusive -
DO Run I 12 do fdqr 1800 75 - 105 Inclusive -
DO Run II 5 | (1/o)de/dgr 1960 70 - 110 Inclusive -
DORunIl(n) | 3 |(1/o)do/dgr | 1960 | 65- 115 yl <17 |P Tltn>| is liev
¢ .
i - | pre > 20 GeV
LHCb 7 TeV | 7 do /dqr 7000 | 60-120 | 2<y<d45 |7 e < 45
) « | pre > 20 GeV
LHCb 8 TeV | 7 do /dqr 8000 | 60-120 | 2<y<d45 |7 e < 45
LHCb 13 TeV | 7 do [dgr 13000 | 60-120 | 2<y<4s |PTt>20GV
2<ne <45
CMS7TeV | 4 |(1/o)do/dgr| 7000 | 60- 120 yl < 2.1 pTItn>l iOzGleV
(4 .
CMS8TeV | 4 |(1/o)do/dgr | 8000 | 60- 120 ly| < 2.1 pTIln>l f’;iev
? .
6 ly| <1
ATLAS7TTeV | 6 | (1/o)dofdgr | 7000 | 66-116 | 1< |yl <2 ”Tl‘ >| io;iev
6 2< |yl <24 el < &
6 ly| < 0.4
6 04 < |yl <08
ATLAS8 TeV | 6 0.8 < |y| < 1.2 | pre > 20 GeV
1/0)d 8000 | 66- 116
on-peak ¢ |(1/o)do/dgr 12< |yl <1.6 | |n <24
6 16 < |yl <2
6 2< |yl <24
ATLAS 8 TeV 4 46 - 66 pre > 20 GeV
off-peak g |(fo)dojdgr | 8000 |, 0 | <24 Ine| < 2.4
Total 353 - - - - .




Experimental data

—

Only data with

qgr/Q < 0.2

Experiment {§ N, ) Observable | /s |GeV] | Q [GeV] y or T Lepton cuts
E605_~| Ed*c/d%q 38.8 7-18 zp = 0.1 -
E288700 GeV | 30 | Ed’s/d’g 19.4 4-9 v = 0.40 i
288 300 GeV | 39 Ed’e/d’q 23.8 4-12 y = 0.21 -
E288 400 GeV | 61 Ed*c/dq 27.4 5-14 y = 0.03 -
STAR 510 7 do [dgr 510 73 - 114 yl <1 p”|n>|22 ?eV
£
CDF Run I 25 do fdgr 1800 66 - 116 Inclusive -
CDF Run II 26 do [dqr 1960 66 - 116 Inclusive /
DO Run I 12 do [dqr 1800 75 - 105 ve -
DO Run II 5 | (1/o)de/dgr ;_lgy - 110 Inclusive .
15 GeV
DORunII (1) | 3 @ 57dgr | 1960 | 65- 115 wl <17 | PTe” 00
|me| < 1.7
pre > 20 GeV
LHCb 7 TeV | 7 do /d 7000 | 60-120 | 2 4.5
€ /dgr SYSEY g <45
LHCb 8 TeV | 7 do [dgr 8000 | 60-120 | 2<y<as |PTe>20GeV
2<ne <45
LHCb 13TeV | 7 do [dgr 13000 | 60-120 | 2<y<4s |PTt>20GV
2<ne <45
CMS7TeV | 4 |(1/o)dojdgr | 7000 | 60- 120 ly| < 2.1 pT|£n>| 202(;1“
(4 .
CMS8TeV | 4 |(1/o)do/dgr | 8000 | 60- 120 ly| < 2.1 pT|£n>| f’f;’v
? .
6 ly| <1
ATLAS7TeV | 6 |(1/o)do/dgr | 7000 | 66-116 | 1< |yl <2 pTI‘ >| :z(o;iev
6 2< |yl <24 el < £
6 ly| < 0.4
6 04 < |yl <08
ATLAS 8 TeV | 6 0.8 < |y| < 1.2 | pre > 20 GeV
1/o)d 8000 | 66 - 116
on-peak g |(1/0)do/dar 12< |yl <1.6 | |n <24
6 16 < |yl <2
6 2< |yl <24
ATLAS 8 TeV | 4 46 - 66 pre > 20 GeV
off-peak g |(fo)dojdgr | 8000 |, 0 | <24 Ine| < 2.4
Total 353 - - - - -

DYNNLO
for total o



Experimental data




Uncertainties
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Correlation matrix

Chi-square

Uncertainties

k
. 2 2: (1) (1)
Vjij — (Ui,stat + ai,unc) 5ij + Ui,corraj,corr

=1
n
2= ) (mi—t:) V5 (my —ty) i
X = mq; —ti) Vy; My — 1 nuisance
i,7=1 parameters
n 1 k 2 k
_ (@)
= Z m; —1; — i,corr + )@
=1 a=1 a=1
2 2 2



Uncertainties
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e Minimising )(2 with respect to A, —> optimal values for 4,



Uncertainties
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e Minimising )(2 with respect to A, —> optimal values for 4,
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. Z ﬂaaio‘c . = Shift induced by systematic correlated uncertainties
a=1



Correlation matrix

Chi-square

Uncertainties

k
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=1
T
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_ ()
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1=1 a=1 a=1
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e Minimising )(2 with respect to A, —> optimal values for 4,

k
. Z ﬂaaiac . = Shift induced by systematic correlated uncertainties
a=1

o By shifting theoretical predictions, )(2 = )(12) + )(/12 (diagonal + penalty term)



Fit quality

CDF Run I 0.480 0.058 0.538
CDF Run II 0.959 0.001 0.959
DO Run I 0.711 0.043 0.753
DO Run II 1.325 0.612 1.937
DO Run IT () 3.196 0.023 3.218
LHCb 7 TeV 1.069 0.194 1.263
LHCb 8 TeV 0.460 0.075 0.535
LHCb 13 TeV 0.735 0.020 0.755
CMS 7 TeV 2.131 0.000 2.131
CMS 8 TeV 1.405 0.007 1.412
0<|yl<1 2.581 0.028 2.600

ATLAS 7 TeV 1<yl <2 4.333 1.032 5.365
2< |yl <24 3.561 0.378 3.939

0<lyl <04 1.924 0.337 2.262

04 <yl <08 2.342 0.247 2.590

ATLAS 8 TeV 0.8 < |yl < 1.2 0.917 0.061 0.978
on-peak 12 < |yl < 1.6 0.912 0.095 1.006
16 < |yl <2 0.721 0.002 0.814

2< |yl <24 0.932 0.348 1.280

ATLAS 8 TeV 46 GeV < Q < 66 GeV 2.138 0.745 2.883
off-peak 116 GeV < Q < 150 GeV  0.501 0.003 0.504
Global 0.88 0.14 1.02

Experiment XD/ Nant_ X3/ Nant X"/ Nias
7GeV < Q < 8 GeV 0419  0.068  0.487
8 GeV < Q < 9 GeV 0.995 0034  1.029
E605 105CeV <Q < 11.5GeV 0191 0137 0328
115 GeV < Q < 13.5GeV 0491 0284  0.775
135GeV < Q < 18 GeV 0491 0385  0.877
1GeV < Q < 5 Gev 0213 0649 0862
5 GeV < Q < 6 GeV 0.673 0292  0.965
E288 200 GeV 6 GeV < Q < 7 GeV 0.133 0141 0275
7T GeV < Q < & GV 0254 0014 0268
8 GeV < Q < 9 GeV 0.652 0024  0.676
1GeV <Q < 5 Gev 0.231 _ 0.555  0.785
5 GeV < Q < 6 GeV 0.502 0204  0.706
6 GeV < Q < T GeV 0315  0.063 0378
B2 300 GeV. & eV < Q < 8 Gev 0.056  0.030  0.086
8 GeV < Q < 9 GeV 0.530 0017  0.547
111GV <Q<12GeV 1047 0167  1.215
5GeV < Q < 6 GeV 0312 0065 0377
6 GeV < Q < T GeV 0.100 0005  0.105
7 GeV < Q < 8 GeV 0.018 0011  0.029
E288 400 GeV 8 GeV < Q < 9 GeV 0437 0039 0477
11GeV<Q<12GeV 0637 0036 0673
12CeV <Q < 13GeV 0788 0.028 0816
13GeV<Q<14GeV 1064 0044 1107
STAR 0.782  0.054  0.836
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TMD distributions

Correlation matrix

Parameter Value

g2 ll
9 0.036 £ 0.009 N,
N, 0.625 + 0.282 . 0.5
o 0.205 + 0.010 i ;
o 0.370 & 0.063 A i
A 0.580 % 0.092 . .
Nip 0.044 + 0.012 :
ap 0.069 + 0.009 o —05
oB 0.356 + 0.075 7 i
9:8
92B 0.012 & 0.003 e N

e 1 ~ 0.5: gaussian and g-gaussian equally important
e 2,5 (NP quartic term) small but significantly different from zero
o off-diagonal elements (correlations) not very large except for A and o



TMD distributions

Correlation matrix

Parameter Value 0 !
g0 0.036 £ 0.009 N, I
N, 0.625 + 0.282 ) 0.5
o 0.205 + 0.010 i '

o 0.370 = 0.063 ) ]
A 0.580 =+ 0.092 . .
Nig 0.044 + 0.012 :
ap 0.069 + 0.009 o —05
oB 0.356 =+ 0.075 7 i
9:8
928 0.012 & 0.003 . »

e 1 ~ 0.5: gaussian and g-gaussian equally important
e 2,5 (NP quartic term) small but significantly different from zero
o off-diagonal elements (correlations) not very large except for A and o
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Test of x-dependence

Tried a fit at N3LL with Davies, Webber, Stirling (1985) NP parameterisation:
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Test of x-dependence

Tried a fit at N3LL with Davies, Webber, Stirling (1985) NP parameterisation:

N 1 ‘

with and without ATLAS data

Full dataset | No y-differential data
Global x?/Ngat 1.339 0.895
g1 0.304 0.207
g2 0.028 0.093

. )(2 significantly larger for full dataset (1.339 vs. 1.020)
—> x-dependent TMDs required to describe data

. )(2 significantly lower without ATLAS data

—> x-dependence of TMDs at N3LL driven by ATLAS data



