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Possible issues/sources of error in determining TMDs

J.0. Gonzalez-Hernandez(Turin U.), T.C. Rogers(Old Dominion U. and Jefferson Lab), N. Sato(Jefferson Lab) (May 11, 2022)
Phys.Rev.D 106 (2022) 3, 034002 - e-Print: 2205.05750 [hep-ph]

1. The choices of models, assumptions, or approxi-
mations used to describe nonperturbative contri-
butions,

2. The neglect of power suppressed corrections to fac-
torization, like the last term in Eq. ‘

3. Truncation of high powers of as in perturbative
parts of the calculation and,

4. In phenomenological applications involving fits,
whatever assumptions and approximations are used
at the level of fit extractions.

5, do

dza dzp dg#
_ . 2 2 . 2 . 2\ £(2) [ B
= H(ug; Co) | d*kar d*kpr Da (24, zakar; pg,Q°) D (2B, zBkBT; 1> @) 8'Y (@7 — kAT — EBT)

LY (g0 Qing) + 0 (m)Q) ®
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Possible issues/sources of error in determining TMDs

1. The choices of models, assumptions, or approxi- """—b are models consistent
mations used to describe nonperturbative contri- | with pQCDf)
butions,

2. The neglect of power suppressed corrections to fac-
torization, like the last term in Eq. ‘

3. Truncation of high powers of as in perturbative
parts of the calculation and,

4. In phenomenological applications involving fits,
whatever assumptions and approximations are used
at the level of fit extractions.

5, do

dza dzp dg#
o ] 2 21 | - 2\ D | 2 5(2) —k —k
= H(pug; Co) | d’kar d°kpr Da (24, zakat; po, Q%) D (28, z8EkBT; o, Q%) 6% (97 — kaT — kBT)

+Y  (qr,Q;ug) + 0 (m/Q) .



Possible issues/sources of error in determining TMDs

1. The choices of models, assumptions, or approxi-
mations used to describe nonperturbative contri-
butions,

2. The neglect of power suppressed corrections to fac-
torization, like the last term in Eq. ‘

3. Truncation of high powers of as in perturbative
parts of the calculation and,

4. In phenomenological applications involving fits, ; How well can we
whatever assumptions and approximations are used | access nonp erturbative
at the level of fit extractions.

effects?
5, do
dza dzp dg#

= H(pg; C2) /d2kAT d*kpt DA (24, zakar; po; QQ) Dg (2B, zkBT; 1O QQ) 52 (qp — kar — kpr)

+Y  (qr,Q;ug) + 0 (m/Q) .



Possible issues/sources of error in determining TMDs

1. The choices of models, assumptions, or approxi-
mations used to describe nonperturbative contri-

butions, Large KT behaviour

2. The neglect of power suppressed corrections to fac- Of TM DS
torization, like the last term in Eq. ‘

3. Truncation of high powers of as in perturbative IS
parts of the calculation and, |mp0 rtant

4. In phenomenological applications involving fits,
whatever assumptions and approximations are used
at the level of fit extractions.

5, do

dza dzp dg#

= H(ug;Co) | d°kar d°kpt DA (24, zakar; po; QQ) Dg (2B, zkBT; 1O QZ) 6 (g — kst — kpT)

5. Neglecting the Y term



"W-term” usually written as

, WOPE (pQCD)
2br . - .
W(QT7 Q) — H(“Q’ 02)/ (27_‘_)2 € ar:01 DA(ZAa b*;/jlb*,,ug*)DB(ZB, b*aub*aﬂg*)

~

[ rea g, Q Q?
X exp < 2/ i/ [7(043(,&/); 1) —In —/WK(ozS(,u’))] + In —QK(b*;Mb*)}

‘ 2
X exp 4 —ga(za,br) — 9B(2zB,br) — g (bT) In (Q—2>} :



"W-term” usually written as

, WOPE (pQCD)
2br . - .
W(QT7 Q) — H(“Q’ 02)/ (27_‘_)2 € ar:01 DA(ZAa b*;/’llb*7ug*)DB(zB7 b*?l’l/b*7l’l'g*)

2

~

X exp {Z/MQ d—ﬂf/ [7(048(//); 1) —In %’VK(OCS(M,))] +In Q—QK(b*;Mb*)}

by Iu’ lu‘b>|<

2
w oxp l —ga(za.b1) — g5 (25.b1) — gxc (br ) (%)} |
0

Models characterizing
nonperturbative behaviour
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Models characterizing
nonperturbative behaviour

 exp {2 [ a1~ 1 Lot )] + 10 2 K m}

b
Transition from small to large bT b*(bT) — \/1 T b2 /b2
T

Imax

Scale setting in the OPE My, = Cl/b* :



Exact definition of W does not
depend on the shape of b* nor on
the value of bmax

~ ~

gr (br) = K(by, ) — K(bp, p) —ga(z,br) =1n <

DA(Z7 bT7 HQo s Q(2))
DA(zv b.; HQo> Q(2))

When modelling g-functions, should only allow for mild dependence
on b* and bmax



g-functions must be

constrained explicitly at

Exact definition of W does not
depend on the shape of b* nor on small bT (large kT)

the value of bmax

- - DA(ZabT;:quaQ(%)
br) = K (b, u) — K(br, —ga(z,br) =In | —
gK( T) ( :LL) ( T :u) <DA(Z,b*§MQO,Q(2))

When modelling g-functions, should only allow for mild dependence
on b* and bmax



gt W(Q, gr)/HWY

Example: e+e- —> h h
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Explicitly constraining g-functions

In both cases, using WOPE

gt W(Q, ¢gr)/HWY

—10

QO = 2GeV

qgr (GGV)

Unconstrained g-functions
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Extract TMDs here

<+— Predict this
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an idea:
(good old) predictions,
the ultimate test.

J.0. Gonzalez-Hernandez(Turin U.), T.C. Rogers(Old Dominion
U. and Jefferson Lab), N. Sato(Jefferson Lab) (May 11, 2022)
Phys.Rev.D 106 (2022) 3, 034002 -« e-Print: 2205.05750 [hep-ph]

A) Constrain models

B) Extract TMDs & CS kernel
at Q = Qo

C) Evolve to higher energies
and test extraction.
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A) Constrain models

C) Evolve to higher energies
and test extraction.
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+
Access to sufficiently
small Q (accuracy)
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Why should we care about collinear factorization?
(large qT)

* important test of pQCD (e. g. what is Q07?)

e Small gT limit should match the large qT
behaviour of W-term (TMDs)

This last one is not only a
formal issue, It has consequences
iIn phenomenology



SIDIS example



do / dxp; dy dzp, dqr?

Ignoring large KT constraints
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do / dxp; dy dzp, dqr?

With large KT constraints
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do / dxy; dy dz,, dgr? x 10

TMD region affected
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Summarizing some of these ideas:

Binning in gT is most useful.

Different cuts at small zh may help.

More nonperturbative information at smaller
scales. How low can we go? (What is Q0?)

Should not disregard large T data.

A good alternative to global fits: extract at Q) = Qo
and test at higher energies.



Summarizing some of these ideas:

Binning in gT is most useful.

Different cuts at small zh may help.

More nonperturbative information at smaller
scales. How low can we go? (What is Q07?).

Should not disregard large gT d
A good alternative to global fits:
and test at higher energies.

e |deal for both precision and accuracy



Thanks



Backup (recent work on CS kernel)



TMDs from e+e-->h X

Formalism

El,h/f(zha br; Q, T Q) =

1

1
sy, dz
—2<dh/f(zh, po.) + Lt )/ — {dh/f(zh/z, i) 22 CL (2 b s i) + g (20 2, ub*)zzcél/]q(z,b*;ub*,ui*)])

z; A7 -

1

X exp {log /% g1(A) + g2(\) + 1 log 7 [95{0\) + % 950‘)] }

X Mp(z,br) exp {_ingT) log (]\3—;{ T) } : (3)

ME" (z,br) = Mp(z,br) / Ms(br),

sqr 1
g (br) = §9K(bT)a



TMDs from e+e-->h X

models

B 22—p(bTM0)p—1

Mp = K,_1(br M, F(b
D T(p—1) p 1(brMy) x F(br,zn)
ID Mp model parameters
1+1log (14 (brd)2)\' | Mo, M,
I | F= 5
L+ (brd:) p=151, g=8

M, = — M log(zp)

II|F=1
20
VY 1 3
T ()P 1= f(2)
3 fE)
pz—1+§1_f(z)

fE)=1-(1-2), g1

gk model

A | gk =log (1 + (by Mk)Px) Mg, pk

B gk = MKb(T1_2pK> My, pk




TMDs from e+e-->h X

Fit results

gr/Q < 0.15 (pts = 168) gr/Q < 0.15 (pts = 168)
LA 1B TTA 1B
2
Xdo.f 125 119 2o, 1.35 1.33

My(GeV) 0.30019-975 . 00310089
O( ) —0.062 —0.003 20 05741—882? 05561—88451'{

My (GeV) 0.52219:937  59070-027
0.041 0040 Mg (GeV) 1.63310:103  gg7+0-114

p* 1.51 1.51
D 0.58810-127 0.29319-027

q* 8 8
Mk (GeV) 1.305F9:139 0.90419-037

Pk 0.609 0.229
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TMDs from e+e-->h X
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CS kernel
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