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Quick facts

Perturbative accuracy: N3LL

(first DY fit at this accuracy)

353 high-energy and low-energy Drell-Yan data:
the TMD “Sugarloaf” fit

e

w2 = 1P
no normalisation factors
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TMD factorisation for DY
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TMD structure

— 2e” TE /b
© matching to collinear PDF at br<1/Agcp (,LL b / *)
© perturbative
~ GS and RGE evolution to large by
© perturbative

© b« prescription to avoid Landau pole

© fnp “parametrises’ the non-perturbative transverse modes
~ fit fnp to data




Perturbative accuracy

Accuracy | H and C | K and vr | 7k | PDF and a, evolution
LL 0 - 1 -
NLL 0 1 2 LO
NLL’ 1 1 2 NLO
NNLL 1 2 3 NLO
NNLL’ 2 2 3 NNLO
N3LL 2 3 4 NNLO
2 Q2
NLL CO ag lnzn <—2) y ag 1n2n_1 (—2)
Ky, Ky,
| | 2 2
NLL: (CO 4+ OlsCl) ag ln2n (Q_2), ag ln2n—1 (Q_2)
Hp, Ky,

same logarithmic accuracy (ditference = NNLL)




Non-perturbative: b*

26 —YE

a,(u,) = a ( ) > 1  tor large b values

b*-prescription to avoid Landau pole at Aycp
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Non-perturbative: fnp

fnp

F(x,b;u,Q)
F(x,bx(b);1,C)

F(x,b; 1, Q) F'(, b4 (b); 1, C)

© depends on choice of b*
© determined through a fit to experimental data

Q-Gaussian Gaussian

fNP(fE,b, C) —

b2
X exp {— (92)+(9280°) 1og (é) Z}
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Datasets
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Global 2

Fit quality: convergence
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TMD dnstnbutmns

Correlation mat rix

Parameter Value
g9 0.036 + 0.009
Ny 0.625 + 0.282
o 0.205 £+ 0.010
o 0.370 =+ 0.063
A 0.580 £ 0.092
Nip 0.044 + 0.012
ap 0.069 + 0.009
OB 0.356 £+ 0.075
92B 0.012 £+ 0.003
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1+ gi(x )

fxe(@,b,C) = 7 +Aexp (—gl,B(w)f) o A~0.5: gau531an and q- gaussmn equal W d
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Test of x-dependence

Test: x-independent fit at N3LL with Davies, Webber, Stirling (1985) NP parameterisation:

ona-ol-3 o ()

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

o y* significantly higher for full dataset (1.339 vs. 1.020)

« x-dependence to describe data
o y* significantly lower without ATLAS data

« x-dependence at N3LL Feig\yeollo) WVl BN
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Dependence on gr cut
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Ratio to Data
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Preliminary: CMS data
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Very good agreement in the TMD region
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The Nanga Parbat framework
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Nanga Parbat: a TMD fitting framework

Nanga Parbat is a fitting framework aimed at the determination of the non-perturbative component of TMD

distributions.

Download

You can obtain NangaParbat directly from the github repository:

For the last development branch you can clone the master code:

git clone git@github.com:MapCollaboration/NangaParbat.git




Conclusions

Extraction of TMD PDFs from Drell-Yan data at N3LL perturbative accuracy
Low-energy (FNAL, RHIC) and high-energy (LHCb, CMS, ATLAS) data: 333 points
Very good description of entire dataset (y* = 1.02) without ad hoc normalisation
Nice convergence of the perturbative series (from NLL to N3LL)
x-dependence mostly constrained by rapidity-binned on-peak ATLAS data
check of TMD validity range through variation of qr/Q cut
Plans for the future: matching with Y-term for DY + fit including SIDIS data

o TMD FFs

~ further constraints on x-dependence

~ flavour dependence
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Datasets

—

Only data with

gr/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 | Eds/d’q | 194 4-9 v = 0.40 i
288 300 GeV | 39 Ed*c/d’q 23.8 4-12 y = 0.21 -
E288 400 GeV | 61 | Ed*c/d%g 27.4 5- 14 y = 0.03 -
STAR 510 7 do [dgr 510 73 - 114 l <1 pre > 25 GeV
Ine| <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 [dqr 1800 75 - 105 ve -
DO Run II 5 | (1/o)de/dgr ’wy - 110 Inclusive -
15 GeV
DORunII (u) | 3 @ 57dgr | 1960 | 65- 115 wl <17 | PTe” 00
|me| < 1.7
i - | pre > 20 GeV
LHCb 7 TeV | 7 do /dgr 7000 | 60-120 | 2<y<4s |77 5 L
LHCb 8 TeV | 7 do [dgr 8000 | 60-120 | 2<y<as |PTe>20GeV
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>| 202(;1‘3\’
? .
CMS8TeV | 4 |(1/o)do/dgr | 8000 | 60- 120 ly| < 2.1 pTIln>| f’flev
2 .
6 ly| <1
ATLAS7TeV | 6 |(1/o)do/dgr | 7000 | 66-116 | 1< |yl <2 ”Tl‘ >| io;iev
6 2< |yl <24 el < &
6 ly| < 0.4
6 04 < |yl <08
ATLAS 8 TeV | 6 0.8 < |yl < 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
1/0)d 8000 2.4
off-peak g |(1/o)do/dgr 16-150 | WM< Ine| < 2.4
Total 353 - - - - -

DYNNLO
for total o



Experimental uncertainties

4+ 5 %)

Mi T 04 stat = O4,unc = 0 cory T L 0} corr

statistic systematic

the central value of
the i-th measurement
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Experimental uncertainties

o 4 O (k)

M4 = Og,stat = Od,unc &= 05 copp = L 0, corr

uncorrelated correlated
/“‘/\\\
additive multiplicative
2 —1
X> = (mi—t:) Vgt (my —t;)
i,j=1 (0 — ()
’ O corr — 5i,corrm’i

covariance matrix
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2
X chisquare
systematic shift

_ () =0
di o Z )\Oéo-i,corr 8)\a .
a=1 g nuisance
shift \ parameters

k 8X2

t; = t; +d; shifted prediction

72k
sz(:f)+Z%

1=1

N

recover the form of

oL enalty term
the uncorrelated definition P Y
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Experiment Xb/Naat  X3/Ndat X2 /Naat
7GeV < Q < 8GeV 0.419 0.068 0.487
8GeV < Q < 9GeV 0.995 0.034 1.029
E605 10.5GeV < Q < 11.5GeV 0.191 0.137 0.328
11.5GeV < Q < 13.5GeV 0.491 0.284 0.775
13.5GeV < Q < 18GeV 0.491 0.385 0.877
41GeV < Q < 5GeV 0.213 0.649 0.862
5GeV < Q < 6GeV 0.673 0.292 0.965
E288 200 GeV 6GeV < Q < 7GeV 0.133 0.141 0.275
7GeV < Q < 8GeV 0.254 0.014 0.268
8GeV < Q < 9GeV 0.652 0.024 0.676
41GeV < Q < 5GeV 0.231 0.555 0.785
5GeV < Q < 6GeV 0.502 0.204 0.706
E288 300 GeV 6GeV < Q < 7GeV 0.315 0.063 0.378
7GeV < Q < 8GeV 0.056 0.030 0.086
8GeV < Q < 9GeV 0.530 0.017 0.547
11GeV < Q < 12GeV 1.047 0.167 1.215
5GeV < Q < 6GeV 0.312 0.065 0.377
6GeV < Q < 7GeV 0.100 0.005 0.105
7GeV < Q < 8GeV 0.018 0.011 0.029
E288 400 GeV 8GeV < @Q < 9GeV 0.437 0.039 0.477
11GeV < Q < 12GeV 0.637 0.036 0.673
12GeV < Q < 13GeV 0.788 0.028 0.816
13GeV < Q < 14GeV 1.064 0.044 1.107
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
DO Run I 0.711 0.043 0.753
DO Run II 1.325 0.612 1.937
DO Run 1I (1) 3196  0.023  3.218
LHCb 7TeV 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 7TeV 2.131 0.000 2.131
CMS 8 TeV 1.405 0.007 1.412
0<lyl <1 2.581 0.028 2.609
ATLAS 7TeV 1<yl <2 4.333 1.032 5.365
2< |yl <24 3.561 0.378 3.939
0<|yl <04 1.924 0.337 2.262
0.4 < |y| < 0.8 2342 0247 2590
ATLAS 8 TeV 08 < |yl <1.2 0.917 0.061 0.978
on-peak 1.2 < |yl < 1.6 0.912 0.095 1.006
1.6 < |y| <2 0721 0092 0814
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

</

Substantial contribution from )(/12

Low-energy data have lower y* compared to high-energy
data (larger normalisation uncertainties)

LHCD well described
ATLAS data well described except for low-rapidity bins

Limited contribution from CMS (8 points)
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