Power corrections to
TMD factorization

Alexey Vladimirov

for
I.Scimemi

based on [2109.09771] & [2204.03856]




Transverse momentum dependent factorization
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LP term is studied VERY WELL!
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Transverse momentum dependent factorization
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(2 ) [C3(Q) ® Fs(z,b;Q, Q%) Fo(x,b; Q, @%))(z1,72)  +— NNLP)
The talk is very brief review of main results
Outline

» TMD operator expansion

» TMD-twist

» TMD factorization at NLP/NLO
» Evolution of twist-three TMDs
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Motivation

» Sub-leading power observables
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Motivation

» Sub-leading power observables
» Increase of applicability domain

LP TMD factorization has
limited region of application.

For SIDIS it cuts
the most part of the data

E288, /s =27.4 GeV, 1=0.03

Ed°0ld*q Ypb/GeV?]
3

[Bacchetta,et al,1901.06916]
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Motivation

» Sub-leading power observables

» Increase of applicability domain

» Theoretical consistency

Phase space of EIC is centered
directly in
the transition region

COMPASS, JLab
have large contribution of power corrections
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Sources of power corrections ]
*(exact)=known at all powers
do L v
e ——
ap.s. |8
Phase space PC (exact) - Hadronic tensor (e.g. DY)
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New method
TMD operator expansion

features
» Operator-level formulation
» Systematicness of OPE
» Position space [a lot of simplification for beyond leading twist]

» Has common parts with small-x and SCET computations
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TMD operator expansion
is conceptually similar to ordinary OPE
The only difference is counting rule for y

v dy v
Wiy = (27(";46 WD (o1 pal 7 ()| X)H(X]T¥ (0)]pr, o),
X
i d'jy i(yq) i v
Waitrs = [ Gmyre ™" 20l ()lp2, X)pa, X1 0)lpa).
X
ot dy i(yq) [ v

Waia = @i > O () p1, p2, X (o1, p2, X[7(0)]0).

X

WH(q) — JH(y)J"(0) = Tl (y) — fact.theorem

_ 1 1 1 1 _
(qy)Nl = {er:y 7yT}N{7_77+77}N7{1717>‘ 1}
¢ ¢t gqr  Q

To be accounted in operator expansion

24.0,q ~ NLP, yhOuq ~ LP
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TMD factorization
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TMD operators and their divergences

Any TMD operator is the product of two semi-compact operators

Onvm({z1,..,2n},0) =Un({z1,...},0)Un({..., 2n },0)

ORI ({z1, -, 2n},0) = R(V*) Zuy ({21, 1) @ Zuy, (o 2n}) © Onia (1,€)

Three independent divergences
Three renormalization constants
Three anomalous dimensions

e UV divergence for Uy

e UV divergence for Ups

e Rapidity divergence

TMD-twist = (N,M)
two integer numbers
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I
LP = TMD-twist-(1,1)
@11 (z,b) = / dze P+ (p, s|q[zn + b, ocly T [0, 0]glp, )
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To momentum-fraction space

1
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Support domain |z;| < 1

% é } momentum-fractions
(—+-) J

could be positive or negative

(—+\ | S+
(-1.0.1 1.0,-1) e important for divergences-cancelation
e agreement with collinear evolution
c-D/ \*-2 -
e evolution mixture
(+-+)
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Evolution equations have involved structure

2 diz ‘I’E]m = (% In (%) + Yoimga, +2mis 9111213) (DEE]ZI
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d—dC‘DL[:]zﬂ-’ifufrz»-'ffmb;!isf) D(b, p)2 ]21(11 T2, 23, b i, C).

Complex evolution Physical functions
for —_— are
complex functions

real combinations
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T-parity-definite & real combinations

Oy by (w1, 32,73, b) + By |5 (—w3, —w2, —21,b)

I
<I>L,]@(a:1,m2,x3,b) 5

)

‘1)519(961,962796375) 5

iq’g,]m(xlvx% z3,b) — @Lr’]lz(—asg, —xz2,—x1,b)

Real functions, with real evolution
Price: evolution mixes @ and & sectors

TMD-power

May 4, 2022

12/16



» Three T-structures {y+,vT~5,ic®t~5}

» In the tensor case, one can sort Fj,yo®t-tensors into J = 0, 1,2 cases.
» 32 distributions (& and ©)

» 16 T-odd and 16 T-even

Example
+ .
oyl ](961,2,3,5) = Msp M for(x1,2,3,0) + b M2 f(21,2,3,b)
. gr, bub
+iNeH Vb, M2 5 (21,2,3,b) + b2 MBels” (% - %) st farr(21,2,3,b
fe,r,py = fo,T;s1D15, f&.0v = —f&.s51D18
v
U L Ti—o | Tj=1 Tj—o
U f& 9 he he
L o a1 Pas h
T || fors Jor | 9oy gur | hip | hir | hir. hlv
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Evolution equations split into two cases:
Evolution with kernels P4 or PP

Example PA
d HA T w? HA
war(na ) = (55m(%) +mmmn) (43
. 2P ., PLZICT HZ
—2750 31 wyws 2P L HA )°

( f?é-*-g% ) fartase ( for+ger ) fartosr
fs -9z )’ f&r-955L ) fer—g9ar )’ far—9zr )’
he he, 1 he g
e )Gz ) g ) (e )

» Real functions = real evolution

» Mixes T-odd and T-even distributions

» Mixing is proportional to s, so T-parity is preserved, and distributions are universal

» Structure simplifies at large-N.
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TMD factorization at NLP

Effective operator for any process (DY, SIDIS, SIA)

v b - TN (- T v
T (q) = (27()28 (ab) { fd;cd.'r;ﬁ (.l‘ - E) ) (;1; - E) |Cy 2 TS (e, &, D) (6.17)

" f (de]dis (f - @)
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fdl[dl (1, - LT)
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TMD factorization at NLP

Effective operator for any process (DY, SIDIS, SIA)

, " d?h . ' . I q —
Tk (q) = / . /}r (ab) /eh‘/l.z 0@ f‘ slz-1 |CLFT (w,2,D) (6.17)
‘ J (2m)? . P Ps ' ’
. o
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'n#,yﬁ ”,yu X +”11,YH ""ﬂp . . ) o » )
L T TJ;II+ - Tyij 1Tk ((%Oi]l.ﬁ(r’b>0{:-n(‘7"’h)+BPOJlli,ﬁ(T,h)oiﬁ_n(m,b))
o
A 3 Vit + TV Yo ek o J\)
i T T!;I* = T, T,k (Ofﬁ,ﬁ(ﬂfab)apolil-n(""’h)+Ol{l.ﬁ(-’%’l)l9p0i111_n(m,l;)), (0, T, b)
.

» Operators of (1,1) x (1,1) (ordinary TMDs)
» Contains LP and NLP (total derivatives)

» Restores EM gauge invariance up to A3

i~ (prar + pdar)Jin

TMD-power

May 4, 2022 15 /16



TMD factorization at NLP

. " d?h
} / dxldzd (i 4 )
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Effective operator for any process (DY, SIDIS, SIA)

| : o q g ) y
qb) /(]‘”].m (J. f‘ ) § (.,» A ) |Cy ‘\7[3]”’\‘1..1',7))
. P Ps

Ch I8 (@, 2, bl)

i (1
w2 \q lf‘ Ne
» Operators of (1,2) x (1,1)

» EM gauge invarint only up to NNLP
audion, (py + p3)Jien

Tan (e, @.b) =
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TMD factorization at NLP

Effective operator for any process (DY, SIDIS, SIA)
—_— B . q

T4 (q) = / \:ZWV{ gt {/ dadzo (.r ]’]‘ ) ) (.1
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. 2
X (f) (.rl Kis
P1
A p

} /(J ©(dT|o (.1 .

. 12

€y = 1+a,Cp (—L?,+3LQ—S+%) +0la,), e "‘)

pr g~
3111 (T, :.b,l)

T To

+ (C - ﬂ) Ttz (7”1 * "’2) (2LQ ~In (L + ”’2) - 4) ]
2 T xy T

» Coefficient functions up to NLO
» C is know up to N3LO
» C is same for LP, NLP, ... parts of operator Ji77;

2 . P
Calwra) = 1+ a.[Cr (—L?‘, Lo -3+ %) so ity (m)
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Conclusion

Theory of power corrections to the TMD factorization essentially progressed during
last years.
[Balitsky, Tarasov,17], [Balitsky,19-21], [Ebert, et al, 21|, [Moos,AV,20]
Still far from practice.

TMD operator expansion — an efficient approach to TMD factorization beyond LP
» Operator level
» Position space
» Strict & intuitive rules for operator sorting (TMD-twist)
» All processes

TMD factorization at NLP is derived
» Coefficient function at NLO
» Evolution at NLO
» Rapidity evolution of NLP is the same as for LP
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Thank you for attention!
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