Extraction of unpolarised
TMDs from experimental data
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TMD factorisation (for DY)

@ Atsmall values of ¢r, I'MD factorisation applies:
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@ The single TMD distributions are given by:
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TMD factorisation (for DY)

At small values of ¢r, ' MD factorisation applies:

?
do '
(_> TgD O‘OH(Q)/deTGZbT.qTFl(ZUl,bT,Q,QQ)FQ(x27bT7Q7Q2)

© matching onto the collinear PDFs at bt <« 1/Aqcp,

© factorises as transverse (perturbative) and longitudinal
(z.e. collinear, non-perturbative).

< @GS and RGE evolution,

© evolution to large b,
© perturbative.



TMD factorisation (for DY)

At small values of ¢r, ' MD factorisation applies:

@
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© Introduce the b+ prescription to avoid the Landau pole,

~ 1ntroduce fnp to account for the introduction of the b= prescription,
© fnp “parametrises” the non-perturbative transverse modes,

- fat fnp to data.



Higher-order corrections
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@ Measurements of gt distributions have reached the sub-percent level uncs.:
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@ State-of-the-art calculations are thus necessary to describe this data:

@ higher-order corrections (and possibly matching between TMD and collinear).



Higher-order corrections

@ State-of-the-art accuracy in the TMD region required:

do
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Pavia 2019 (PV19): the settings

» Functional form of the non-perturbative function:

: +1gl_(;\)b'—2r + \exp (—ng(x)bjr>} exp [ (92 + g25b7) In (QC ) ]

4

o) = M e [_2_121n2 (f)] and  gip(z) = “2E exp [—zim (i)]
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@ atotal of 9 free parameters.

Complete treatment of the experimental uncertainties:

@ correlated systematics (additive and multiplicative) properly treated,

@ uncertainties deriving from collinear PDFs also included.

Fits using all the available perturbative orders: from NLL to N3LL.

Full integration over gt, Q and y when required:

s

@ no narrow-width nor “middle-point” approximations.

No ad hoc normalisation:

-

@ fit both shape and normalisation.

Monte Carlo method for the experimental error propagation.



Fixed target
RHIC

Tevatron

LHC

Drell-Yan data

Experiment | Ngat | Observable | /s [GeV] | Q [GeV] Y Or Tp Lepton cuts | Ref.
E605 50 | Edc/d*q 38.8 7-18 zp =0.1 - [79]
E288 200 GeV | 30 Ed’c/d%q 19.4 4-9 y = 0.40 - [80]
E288 300 GeV | 39 Ed’c/d%q 23.8 4-12 y=0.21 - [80]
E288 400 GeV | 61 | Ed3c/d3q 27.4 5-14 y =0.03 - [80]
STAR 510 7 do /dgr 510 | 73-114 Iyl < 1 pre>25 GeV |
me| <1
CDF RunI | 25 do /dqr 1800 | 66 - 116 Inclusive - [81]
CDF Run II 26 do /dgr 1960 66 - 116 Inclusive - [82]
DO Run I 12 do /dqr 1800 | 75- 105 Inclusive - [83]
un o)aoc /aqT - ncliusive -
DO Run II 5 | (1/0)do/d 1960 | 70-110 Inclusi 84
DORunTI (o) | 3 | (1/0)do/dgr | 1960 | 65-115 | |yl <1.7 pTITI i5 ﬁev 185]
A .
pre > 20 GeV
LH T - 12 2 4.
Cb7TeV | 7 do /dqr 7000 | 60 - 120 <y<4s | e < 4.5 [86]
pre > 20 GeV
LHCb 8 TeV | 7 do /dgr 8000 | 60-120 | 2<y<45 |1 e < 4.5 [87]
pre > 20 GeV
LHCb 13 TeV | 7 do /dqr 13000 | 60-120 | 2<y<d45 |7 m < 4.5 [92]
CMS7TeV | 4 | (1/o)do/dgr | 7000 | 60 - 120 ly| < 2.1 pTl‘fn>| ioﬁev [88]
¢ .
CMS8TeV | 4 | (1/o)do/dgr | 8000 | 60 - 120 ly| < 2.1 pTlen>I i‘r’zGleV [89]
¢ .
6 ly| <1
ATLAS7TeV | 6 | (1/o)do/dgr | 7000 | 66-116 | 1<|y|<2 |P7¢~ 20 GeV [93]
6 2< |yl <24 Ine| < 24
6 ly| <04
6 0.4 < |y <0.8
ATLAS 8 TeV | 6 0.8 < |y| < 1.2 | pre > 20 GeV
1 - 11
on-peak ¢ |(/o)do/dar | 8000 | 66-116 | o 16| <24 | %O
6 1.6 < |y| <2
6 2 < |yl <24
ATLAS 8 TeV | 4 46 - 66 pre > 20 GeV
1 2.4
off-peak g | (L/o)do/dar | 8000 |0 ypo ) WI< e <24 | 0
Total 353 . . - - - -

@ Only data with gr/Q < 0.2 (I'MD {factorisation region).

[Bacchetta et al., JHEP 07 (2020) 117, arXiv:1912.07550]


https://arxiv.org/abs/1912.07550

PV19 fit: Drell-Yan data

(d ) : OOH(Q)/dzb eZbT qTFl(xlabTaQ Q )FQ(x27bT7Q Q2)
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Experiment XD/Naat  X5/Ndat  X°/Ndat
7GeV < Q < 8 GeV 0.419 0.068 0.487
8 GeV < Q < 9 GeV 0.995 0.034 1.029

E605 10.5 GeV < Q < 11.5 GeV  0.191 0.137  0.328

8 s 11.5 GeV < Q < 13.5 GeV  0.491 0.284  0.775
Et u a 12 at Ng 135GV < Q < 18 GV 0491 0385  0.877
41GeV < Q <5 GeV 0.213 0.649  0.862

O , , , , S 5GeV < Q < 6 GeV 0.673 0.292  0.965

¥ s ¥ oot E288 200 GeV 6 GeV < Q < 7 GeV 0.133  0.141  0.275

< o ] 7 GeV < Q < 8 GeV 0.254 0.014  0.268
& i om 8 GeV < Q < 9 GeV 0.652 0.024  0.676
2 2 ., 4GeV < Q < 5 GeV 0.231 0.555  0.785
s . 3ot W 5GeV < Q < 6 GeV 0.502 0.204  0.706
Doz V5= 888 Gev o V5 =186 Tov : 6 GeV < Q < 7 GeV 0.315 0.063  0.378

e sRmeey = i ] E288 300 GeV o eV < Q < 8 Gev 0.056  0.030  0.086

£ 8 GeV < Q < 9 GeV 0.530 0.017 0.547
mmz‘oo s T T T T 500 Eh : . p s 10 5 11 GeV < Q < 12 GeV 1.047 0.167 1.215
o ' o mleev , , eVl , , 5 GeV < Q < 6 GeV 0.312  0.065  0.377

N ] - T ] 6 GeV < Q < 7 GeV 0.100 0.005  0.105
= ] 7 GeV < Q < 8 GeV 0.018 0.011  0.029

% osf ﬁ 7 e —_— ] E288 400 GeV 8 GeV < Q < 9 GeV 0.437  0.039 0477
3 o1 ER I : 11 GeV < Q < 12 GeV 0.637  0.036  0.673
L S 8§45} 2oy<ns p—— ] 12 GeV < Q < 13 GeV 0.788 0.028  0.816
2l o cacmon m—f— a0} Pre> GV 2 <m<as : 13 GeV < Q < 14 GeV 1.064 0.044  1.107

L pemOV <L ; ; v —— B STAR 0.782 0.054  0.836
CDF Run I 0.480 0.058  0.538

; CDF Run II 0.959 0.001  0.959

0.060 : : : : e 0.060 . . . . R —— DO Run I 0.711 0.043 0.753
e N ane B R P ATias i DO Run II 1.325 0.612  1.937

_ o : oo : ] DO Run II (p) 3.196 0.023  3.218
g oos P gy o an ] LHCb 7 TeV 1.069 0.194  1.263
§"F tocev <@ <1 cov ’ 158" wow<o<usce ] LHCb 8 TeV 0.460  0.075  0.535
e < S R A T LHCb 13 TeV 0.735 _ 0.020 _ 0.755
O S CMS 7 TeV 2.131 0.000  2.131
e T R CMS 8 TeV 1405 0.007 1412
e L S S S e * 0< |yl <1 2581  0.028  2.609
T R R B R I ATLAS 7 TeV 1<yl <2 4.333 1032  5.365
——— v 2 < |y| < 2.4 3.561 0.378  3.939
T E—— Boamasa oo = P 0< |yl <0.4 1.924 0.337 2.262

s o L | 5 ool . ] 0.4 < |y <0.8 2.342 0.247  2.590
8 oosst 18 e ] ATLAS 8 TeV 0.8 < |yl <12 0.917 0.061  0.978
5 oo 0 ey —r— ST TP i — A on-peak 1.2 < |yl < 1.6 0912 0095  1.006
80035 16 <y <2 1 =18 > 20Gev, Il <24 1.6 < |y <2 0.721 0.092  0.814
povop ez mE <R — ] 2 < |yl <24 0.932  0.348  1.280
s ; ; ; ; ; ; ] ‘;"’f.‘iF N crerers. rrers ATLAS 8 TeV 46 GeV < Q < 66 GeV 2.138 0.745 2.883
;P* T e ;P ' ; off-peak 116 GeV < Q < 150 GeV  0.501 0.003  0.504
B R R Mo e g T w0 wie e Global 0.88 0.14 1.02




PV19 fit

Perturbatwe convergence

@ Global y? as a function of the perturbative accuracy:

Order

NLL

NLL’

NNLL

NNLD’

N3LL

¥2 / n.d.p.

3.19

1.62

1.07

1.02

@ Clear perturbative convergence.
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PV19 fit

Perturbatwe convergence
ATLAS at8 TeV, 66 GeV<Q<116 GeV, 2<lyl <24
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PV19 fit

Perturbatwe convergence

ATLAS at8 TeV, 66 GeV<Q <116 GeV, 2<lyl <2.4
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PV19 fit

Perturbatwe convergence
ATLAS at8 TeV, 66 GeV<Q <116 GeV, 2<lyl <2.4
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PV19 fit

Perturbatwe convergence

ATLAS at8 TeV, 66 GeV<Q <116 GeV, 2<lyl <2.4

—e— Data

—— Predictions
— Shifted predictions
72 =0.850161
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PV19 fit

Perturbatwe convergence

ATLAS at8 TeV, 66 GeV<Q <116 GeV, 2<lyl <2.4

—e— Data

—— Predictions
— Shifted predictions
x? =0.662389
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Conclusions and outlook

Alot of effort 1s being invested on the extraction of TMD PDFs and FFs:
@ wide and precise datasets (LHC and Tevatron exps., COMPASS, HERMES),

o

@ very accurate theoretical computation (N3LL at small gr),

Current precision of data does require the most accurate calculations:

@ perturbative convergence.

A sound treatment of the experimental uncertainties 1s also required:

@ correlated systematics,

-

@ collinear PDF uncertaintes.
Outstanding 1ssues concerning SIDIS data from COMPASS/HERMES.
Also ete- annihilation data will be considered to constrain TMD FFs.
Current experiments have still much to say on 1 MD:s.

Looking forward to the EI(c)C for more data to constrain 1TMDs.



