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Extraction of partonic TMDs from
SIDIS and Drell-Yan data

Cristian Pisano

With A. Bacchetta, F. Delcarro, M. Radici, A. Signori
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» Are unpolarized quark TMDs universal?
» Does TMD evolution allow for a description of the data at different Q2?

» How wide is the transverse momentum distribution? Is it wider at low x?

Bacchetta, Delcarro, CP, Radici, Signori (Pavia 2016)
arXiv:1703.10157 [hep-ph]




Semi-inclusive DIS vs DY
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Extraction of unpolarized quark TMDs

State of the art

V4 .
Accuracy | HERMES | COMPASS DY production N of points
KN 2006 NLL x x v v 98
hep-ph/0506225
Pavia 2013
(+Amsterdam,Bilbao) No evo v X b 4 b 4 1538
arXiv:1309.3507
Torino 2014 v v 576 (H)
K.(T;;albz) 6261 No evo (separately) | (separately) x X 6284 (C)
DEMS 2014
arXiv:1407.3311 NNLL X X v v 223
EIKV 2014 . .
. NLL |1 (x,Q?) bin|1 (x,Q?) bin v v 500 (?)
Pavia 2016 NLL 4 v v 4 8059




SIDIS structure function

TMD Parton TMD Parton

Distribution Functions Fragmentation Functions

Fuu,7(x, 2, Por, Q%) = ZHT,U,T(QZ;uz)/dsz d2Py £ (x, k2 42) D2 (2, P2 112) 82 (zk7 — Pyt + PT)
a
+Yuu.T(Qz‘F’fT)-%-O(MQ/QZ)
YUU_T(QZ, P,%T) not implemented in Pavia 2016

dol /dxdzdP?; dQ® __ 27|Pyr|Fyy,7(x,2,Pir,Q%)
dopis/dx d@? ~ Fr(x,Q%)

Multiplicities: mfy(x, z, P2, @) =




TMD evolution

Fourier transform

1 . ~
fi(z, kysp?) = ﬁ/d%le‘“’r'“fi‘(x, by;p®)

Fi(@brip?) =Y (Capi ® fi) (=, b*,ub)esw*v“b’megk“’”‘" #o fip(z,br)

collinear PDF
nonperturbatlve part

of evolution
nonperturbative part

pQCD of TMD

Rogers, Aybat, PRD 83 (11)
Collins, Foundations of Perturbative QCD (11)
Different schemes have been suggested

Collins, Soper, Sterman, NPB 250 (85)
Laenen, Sterman, Vogelsang, PRL 84 (00)
Echevarria, Idilbi, Schaefer, Scimemi, EPJ C73 (13)
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Assumption for nonperturbative evolution:




TMD evolution
Effects of b, prescription

These choices are arbitrary: they should be checked/challenged in the future
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_ 1— e_b‘%'/bmax 4 e e E
by = bmax P bmax = 2e wp = —=
1 — e b57/Phin b,
2eE
bmin = Q
2.0 25
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> Low br modification: integrated result is recovered (unitarity constraint)
> up never bigger than Q now

> Large effect at low Q (inhibits gluon radiation)




Functional form of TMDs

Input distributions at Q2 = 1 GeV?2
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x-dependent width:
A 1—x)* x°
K3)(x) = (kg,) 1= X7
< T3>(X) < Ta> (1 _)’z)a )’20'
where

(k%) = (k3.)(%) with £=0.1

Q, o, <IA(%3>, A: free parameters (4 for TMD PDFs, 6 for TMD FFs)




Data selection and analysis

Q% > 1.4 GeV?

02<z<0.7

Prr, g1 < Min[0.2Q,O.7Qz] + 0.5 GeV

Problems in separating the fragmentation regions in SIDIS at low Q?
Boglione et al., PLB 766 (2017)

Fit of 200 replicas of the data




Summary of the results

Total number of data points: 8059

Total number of free parameters: 11
» 4 for TMD PDFs
» 6 for TMD FFs
» 1 for TMD evolution

Total x?/dof = 1.55 £ 0.05
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SIDIS ht

COMPASS data
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SIDIS h™

COMPASS data

(@%)=8. GeV*

L
8

bl
D

(Q?)=4.3 GeV? (Q?)=4.8 GeV® (Q?)=4.8 GeV? (Q%)=4.8 GeV?
%=0.022 (%=0033 (%=0055 (X)=0.095

Q
N

W
Y

5

(@9)=3. GeV* (@%)=3. GeV* (@%)=3. GeV* (@%=3. GeV?
x)=0.015 (x)=0.022 =0085 |  Pnr[GeV]

B

x?/dof = 1.61

W0
W0
20
V4

2
@=15Gev!|  (@)18GeVe|  (@)2.GeV |  (@)-2.GeV'|  (Q=2.GeV?|  (Ghe2.GeV?
=007 =001 0=0.015 0=0.022 0-0033 -0055

V%
2%

)
p)

0.3 0.6 0.9 0.3 0.6 0.9 0.3 0.6 0.9

03 06 09
Phr(GeV] Pyr[GeV] Prr(GeV] Prr(GeV]

o
=4
o

)

)
2%
Y2
9%
P24

0.3 0.6 0.9
Py{Ge

UNVERSTA
DIFAVA'




Drell-Yan data

x2/dof 0.32 0.84 0.99 1.12
E288, Vs = 27.4 GeV E288, Vs=23.8GeV  E288, J_ =19.4 GeV E605, Vs = 38.8 GeV
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The peak is now at about 1 GeV, it was at 0.4 GeV




Z-boson production
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» The peak is now at 4 GeV

» Most of the x? is due to normalization
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Nonperturbative evolution

TMD evolution is not uniquely determined by pQCD calculations
Different schemes may behave differently

Nonperturbative input is needed to determine evolution precisely

g2 (GeV?) bmax(GeV-1)
BLNY 2003 | 0.68 +0.02 0.5
KN 2006 |0.184 +0.018 1.5
EIKV 2014 0.18 1.5
Pavia 2016 | 0.13 £ 0.01 1123

Faster evolution: transverse momentum
increases faster due to gluon radiation

Slower evolution: the effect of gluon
radiation is weaker




Correlation

Transverse momentum

between transverse momenta

Pavia 2016 results

01 02 03 04 05 06 07
(K2 (x=0.1)[GeV?]
Transverse momentum
in PDFs

0 Bacchetta, Delcarro, Pisano, Radici, Signori (Q = 1 GeV)
w[Jm Signori, Bacchetta, Radici, Schnell arXiv:1309.3507
Schweitzer, Teckentrup, Metz, arXiv:1003.2190

. Anselmino et al. arXiv:1312.6261 [HERMES]

B Anselmino et al. arXiv:1312.6261 [HERMES, high z]
O Anselmino et al. arXiv:1312.6261 [COMPASS, norm.]
]
m]

Anselmino et al. arXiv:1312.6261 [COMPASS, high z, norm.]
Echevarria, Idilbi, Kang, Vitev arXiv:1401.5078 (Q = 1.5 GeV)

Anticorrelation between transverse momentum in TMD PDFs and in TMD FFs




Mean transverse momentum

Q2% =1 GeV?

In TMD distribution functions In TMD fragmentation functions
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We demonstrated for the first time that it is possible to fit simultaneously
SIDIS, DY, and Z boson production data

We extracted unpolarized quark TMDs using more than eight thousand
data points

The TMD framework seems to work quite well

Most of the discrepancies come from the normalizations

The Y term still needs to be implemented
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