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TMDS IN SEMI-INCLUSIVE DIS
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Distribution Functions Fragmentation Functions
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hard factor W term

The W term, dominates at low transverse momentum qr = PhT/z < Q

So far, the Y term has been neglected in TMD extractions
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THE "MATCHING™ PROCEDURE

TMDS PDFS
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TMDS IN SEMI-INCLUSIVE DIS

TMD Parton - P TMD Parton
Distribution Functions Fragmentation Functions
2 2
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The analysis is usually done in Fourier-transformed space
TMDs depend on two scales, but they are set to be equal for convenience.
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TMD STRUCTURE
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TMD STRUCTURE

perturbative Sudakov
form factor

/

a du e In C Kresum‘l‘QK
fi(e, b pg, Cp) = [C @ fil(, pe.) eI, 5 (e 1n 2) <f leP z,b7; Cr, Qo)

\_\ b
26_7E

b, collinear PDF

Hb. =

Collms—bSoper ke(;nel nonperturbatlve part
(perturbative an of TMD

matching coefficients .
nonperturbative)

(perturbative)

see, e.q.,
Collins, “Foundations of Perturbative QCD” (11)

13



TMD GLOBAL FITS

DY

Accuracy | HERMES |COMPASS|  fixed DY | NOf o N e
collider | points
target
Pavia 2017
arxivi1703.40157 | NEE v 4 4 v 8059 1.55
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arxivi1912.06532 | VLE v 4 v v 1039 1.06
MAP22 _
arxiv:2206.07508 | TV E- v 4 v v 2031 1.06
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MAP22 FUNCTIONAL FORM

k2 k2 k2
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11 parameters for TMD PDF

+ 1 for NP evolution +9 for FF
= 21 free parameters

16



EXAMPLE OF RESULTING TMDS
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FIG. 13: The TMD PDF of the up quark in a proton at u = /¢ = Q = 2 GeV (left panel) and 10 GeV (right panel) as
a function of the partonic transverse momentum |k_ | for x = 0.001, 0.01 and 0.1. The uncertainty bands represent the
68% CL.
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FIG. 13: The TMD PDF of the up quark in a proton at u = /¢ = Q = 2 GeV (left panel) and 10 GeV (right panel) as
a function of the partonic transverse momentum |k | for x = 0.001, 0.01 and 0.1. The uncertainty bands represent the
68% CL.

As usual, the rigidity of the functional form plays a role

and probably leads to underestimated bands
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MSc thesis C. Bissolotti, 2016
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PROBLEMS WITH LOW TRANSVERSE MOMENTUM
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The description considerably worsens at higher orders
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PROBLEMS WITH HIGH TRANSVERSE MOMENTUM

Gonzalez-Hernandez, Rogers, Sato, Wang arXiv:1808.04396
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At high gr, the collinear formalism should be valid, but large

discrepancies are observed
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At high gr, the collinear formalism should be valid, but large

discrepancies are observed
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MATCHING PROBLEMS (DRELL-YAN EXAMPLE)

E866, Vs =38.8 GeV, Q=4.2-5.2 GeV
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MATCHING PROBLEMS (DRELL-YAN EXAMPLE)
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BEAST 2
TMD REGION




MAP22 TMD DATA SELECTION
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MAP22 TMD DATA SELECTION
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REGION OF VALIDITY OF TMD FORMALISM

Boglione, Diefenthaler, Dolan, Gamberg, Melnitchouk, arXiv:2201.12197
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REGION OF VALIDITY OF TMD FORMALISM

Boglione, Diefenthaler, Dolan, Gamberg, Melnitchouk, arXiv:2201.12197
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REGION OF VALIDITY OF TMD FORMALISM
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REGION OF VALIDITY OF TMD FORMALISM
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REGION OF VALIDITY OF TMD FORMALISM
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REGION OF VALIDITY OF TMD FORMALISM
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REGION OF VALIDITY OF TMD FORMALISM
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REGION OF VALIDITY OF TMD FORMALISM
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The MAP22 cut is already considered to be “generous”,
but the physics seems to be the same for a much wider Py
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REGION OF VALIDITY OF TMD FORMALISM
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BEAST 3:
HIGHER TWIST




TWIST-3 TMD TABLE

quark pol.
U L T
éﬁ U fL gL e h
-
8 L f[JJ_ gi_ hL €1,
)
5 ik fT7 fjJ: qar, g% hT, h%— er, 6%‘

TMDs in black survive integration over transverse momentum
TMDs in red are time-reversal odd

Mulders-Tangerman, NPB 461 (96)
Boer-Mulders, PRD 57 (98)

Bacchetta, Mulders, Pijlman, hep-ph/0405154
Goeke, Metz, Schlegel, hep-ph/0504130
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TWIST-3 TMD TABLE

quark pol.
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TMDs in black survive integration over transverse momentum
TMDs in red are time-reversal odd

nucleon pol.
-
S

Mulders-Tangerman, NPB 461 (96)
Boer-Mulders, PRD 57 (98)

Bacchetta, Mulders, Pijlman, hep-ph/0405154
Goeke, Metz, Schlegel, hep-ph/0504130
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TWIST-3 CORRELATORS
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TWIST-3 CORRELATORS
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LIST OF STRUCTURE FUNCTIONS
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LIST OF STRUCTURE FUNCTIONS
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to access at EIC due to:
X-range, twist,
evolution, prefactors
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LIST OF STRUCTURE FUNCTIONS
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BEAM-SPIN ASYMMETRY AT CLAS12

arXiv:2101.03544
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THE SIVERS CASE

ff(xab’%aQaQ) — [C & fl](xaub*) Spert leP(xab’_ZF;QaQO)a

D (2,02,Q,Q) = [C @ Tr)(x, m.) Spert fiz np (@625 Q, Qo)
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THE SIVERS CASE

ff(vagaQaQ) — [C & fl](xaub*) Spert leP(va’_ZF;QaQO)a

L(1)( b7:Q,Q) = [C @ Tr|(z, ,) Spert fir np (@073 Q, Qo) ,

Twist-3 collinear PDF: its evolution Is not

known exactly
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BEAM-SPIN ASYMMETRY

accessible from other observables
and partially known

Bacchetta, Bozzi, Echevarria, Pisano, Prokudin, arXiv:1906.07037
Viadimirov, Moos, arXiv:21109.09771
Ebert, Gao, Stewart, arXiv:.2112.07680
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BEAM-SPIN ASYMMETRY

accessible from other observables
and partially known

TMD interpretation at higher twist:

though theory work ongoing

Bacchetta, Bozzi, Echevarria, Pisano, Prokudin, arXiv:1906.07037
Viadimirov, Moos, arXiv:21109.09771
Ebert, Gao, Stewart, arXiv:.2112.07680
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BEAM-SPIN ASYMMETRY

in -~ 2o M k T ~ T ~ 2M T ~ k T =
WZU¢h:F{H(1)[ TN (A;NQLD1—];\ZL€H1L> d (Z;\thlGL— L thﬂ}
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Viadimirov, Moos, arXiv:21109.09771
Ebert, Gao, Stewart, arXiv:.2112.07680
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BEAST 4:
4 " FRAGMENTATION
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BACKUP SLIDES



LOW-br MODIFICATIONS

see, e.g., Bozzi, Catani, De Florian, Grazzini
hep-ph /0302104

log (Q%%) — log (QZb% +1)
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LOW-br MODIFICATIONS

see, e.g., Bozzi, Catani, De Florian, Grazzini

log (Q*b7) — log (Q%*V3 + 1) hep-ph/0302104
b (be(br)) = bt +05/(C3Q%) b = b (b,(0)) = ]
O TN T R R + B (CRQ) GR\ T R/ (CRQ% )

Collins et al.
arXiv: 1605.006/1
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LOW-br MODIFICATIONS

see, e.g., Bozzi, Catani, De Florian, Grazzini
hep-ph/0302104

log (QQb?p) — log (Q2b% +1)

) b+ b3/(C3Q?) | _ bo :
b* (bC(bT)) - \/1 -+ b’2I‘/bTr2nax + b%/(chQb%nax) bmm b*(bC(O)) - C5Q ¢1 T b%/(C§Q2b?naX)

Collins et al.
arXiv: 1605.006/1

* The justification is to recover the integrated result (“unitarity constraint”)

e Modification at low br is allowed because resummed calculation is anyway
unreliable there
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PAVIA 2012 b.. PRESCRIPTION

=
*
]

5 Collins, Soper, Sterman, NPB250 (85)
\/1 + bT/ bmax
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o = 1 GeV
br |
by = \/1 —> 2 Collins, Soper, Sterman, NPB250 (85]
T/ Ymax
1 — e~b7/bs Y
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PAVIA 2012 b.. PRESCRIPTION

o = 1 GeV
br |
by = \/1 —> 2 Collins, Soper, Sterman, NPB250 (85]
T/ Ymax
1 — e~b7/bs Y
Ly = 2€ E/b* b. _bmaX<1@b§Lﬂ/bﬁlin> bpax = 2€~ 1P
De  TE
bmin — ‘
Q

These are all choices that should be at some point checked/challenged
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PAVIA 2012 b.. PRESCRIPTION

Fla,brip®) =Y " (Coi @ F) (@, b pup) e Criost) I OTI055 £ (0 )

1

o = 1 GeV
br |
by = \/1 > T2 Collins, Soper, Sterman, NPB250 (85]
T/ Ymax
1 — e~b7/bs Y
Uy = 2eF /b* B* — bmaX ( 1 — e—bgﬂ/b‘l_ ) bmax = 2e” 7"
De  TE
bmin — ‘
Q

These are all choices that should be at some point checked/challenged
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EFFECTS OF b.. PRESCRIPTION

_ 1 — e_bé’ll"/bfnax 1/4
up, = 2e7E /b, by = byax mrewe b = 2 'F
1 — € T/ “min
26_7E
Dmin = T
2.5f """""""""""""
: Q=10 GeV
2.0t
ke Q=2GeV
S I
1.5f
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EFFECTS OF b.. PRESCRIPTION

1 e_bé'll"/bfnax 1/4
26_7E
bmin — Q
250
| Q=10 GeV
2.0f
ke Q=2GeV
S ,
15/

No significant effect at high Q, but large effect at low Q

(Inhibits perturbative contribution) L7



NONMIXED TERMS IN COLLINEAR SIDIS CROSS SECTION

2
do'h ef @ " T N
= J — 5 ’ +5 ’ — [D ®C & ] X, Z,
dxdQ2dz Oal) O; ) ( f1f+0p7g) ﬂ{ 1 1 /i (x,2,0)
1-y hf :
T = L fl (X,Z,Q) ’
C
C?QZTF{—Sé(l—x)é(l—z)

| 2

+0(1 —x) | Pyy(2) ln,LQt_2 +Li1(2) +Ly(2) + (1 =2)
F
2

+0(1-2) Fqu(x) ln% +Li(x) — La(x) + (1 —x)]

1 1 l+z2 |

+2(1_)C — — (I_Z)++2(1+xz)},
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SOME JUSTIFICATION: INITIAL SITUATION

(0) =3 GeV — AsY

— Fix order_:
— Resum
¢ Data
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SOLUTION 1: RESTRICT TMD REGION

— Asy

(Q) =3 GeV

— Fix order |
— Resum

¢ Data
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SOLUTION 2: ENHANCE TMD CONTRIBUTIONS

0.6 ‘ ‘ | ‘ ‘
| 3 GeV — RSy
0.5 (Q) = © — Fix order |
: — Resum
0.4 & Data
S|E 0.3
| O
0.2}
: ¢
0.1} .
: ‘ ‘
ool o T |
0.0 0.5 1.0 15 2.0 25 3.0
qr(GeV]
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