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Introduction

TMD vs CGC: from gluons to quark

For a process with a hard P and a not so hard k transverse momenta:

® TMD factorization: leading power (twist 2) in the limit
K| < [P| ~ V5

® CGC result: leading power (eikonal) in the limit |k| ~ |P| < /s
Consistency of both approaches shown in the double limit |k| < |P| < /s
(Dominguez, Marquet, Xiao, Yuan, 2011), involving gluon TMDs

Only the gluon TMDs are relevant in this double limit because the target
is described by a gluon background field A~ (z) in the (eikonal) CGC

Quark background field of the target should be included as well beyond
the eikonal limit.

= Possibility to recover the quark TMDs from (non-eikonal) CGC?
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Introduction

Power counting for the quark background field ¥(z)

"

® Under a boost of the target of parameter ; along the " —" direction, a current associated with the

target should behave as
T () o, F2)oc(n), TH() o ()7
e The quark background field of the target can be split as U(z) = () (2) + U(H)(2), with
) (z) = fr% U(z), ¥W(z)= g U(z).

Then, the components of the background quark current write

T(2) 7 () = ¥ ()~ v (2),
U(z)y ():L() AU (2) 4 U (2) 77 B (2),
T()7" B(2) = ¥D() 7~ ¥D(e).

Under a boost of the target, the projections W(~)(z) and ¥(+)(z) should thus scale as
PO E) o ()7, WO () ox ()2,

= Let us keep only the leading components W(~)(z) of ¥(z)
See also Kovchegov et al. (2016-2023), and Chirilli (2019).
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S-matrix

Contributions to v* — qg dijets from quark background
qg dijet production in DIS: a simple process sensitive to the quark background beyond eikonal CGC

quark: p;;x quark: p;;x

gluon: p,,v, 25,5y ) )
gluon: p,,v,4;, a5y

w(z) ¥(z)

Slr):fqlgz = lim / / eir1T 17«(1)7* ez‘pz‘yeixz (p2)*(72p;’)
Xy JrT .y~

zt,yt—+o00

></ e_i"'ws‘);(q) GY2(y, 2) agpSr (@, w) (—iees) V" Sp(w, 2) (—ig)y,t" ¥ (2),

in = i . ' ip1-T o + ipay Ao *(_opt
535100 z*,ylPEJroo/xJ /r,y—e a(1)y* Ve (pa)*(—2p3)

x / e712e) (q) Gy, w)aSFo(, w)(—ig)Vt* S (w, z)(—iees)y" ¥ (2)
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S-matrix

Propagators from inside to outside a gluon background

Eikonal quark propagator from y (inside the target) to x (after the target):

TAq 2p dpt O(pT tai
_ P dpt 0p") iwp . T F * i
7./(27r)2 (2m) 2pt e P (p+m) Up(+oo,y"y) |1—5—iDy WP e

2p
. .
p—r p—

Eikonal quark propagator from y (inside the target) to x (before the target):

1B,q 2 + + Fai —
_ [ dp dpT 0(pT) iy F ot oo Y SF| et iy
.~ T Gy e < ) (AU i) (1D e

T r
P p—

Eikonal gluon propagator from y (inside the target) to = (after the target):

Sp(x

Eik

Sp(x,y)

G (w,y)

11\,y7/- d2p dp* g( ) —iop
=) @ e 2t ¢

[ i + “*] Ua(+oo,y™1y) [

T T
p— p—

gt — -
(pum;)] vt v

Eik.
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S-matrix

Contribution with v* splitting before the target

quark: p;;x

gluon: p,,v, 45, a5y

W(z)

bt L o 2K oilv-2)K
€ i —iv-p1—iz- -

s = el =) || e [
v ’ {K +m +(q+)2Q}

UF(V)UIL (2%, —o00;2) (2", 2)

azb

YT et
xﬂ(l)TFl%fL/+ Ua (+00,2";2)
z

with

+ o+ +_ ot i Al
e by P J* e i _j* Pi — P Nl Ay
F‘L(f = 2<;+;2QEJA27] Fle =€) 5';\2 {Kl [( ! qt . ) gt — i 2 ]] + "Wl}’}’]

Similar to the case of v* — ¢q dijet production in the the dipole picture/CGC at eikonal accuracy,
but with a different color structure
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S-matrix

Contribution with v* conversion inside the target

quark: p;;x

gluon: p,,v,2;, a5y

¥(z)

) ceerg2md(p +pg —qT Cim DY e [
S e = Z% it 0"*”%(1)%1 in +tazUF (00, 2*:2) W(=*,2)
{(Pl - %pz) +m2] z z

with
+ + ot il
in j i ] 2py +1 ) i
I'r = 5&*25& { {P?l - %pﬁ] [7 < B T o > 5+ b 27]} +m’yl}7j
)2 2]
Note: Si";ﬁqm =0 at NEik in Light-cone gauge, because ¢, (q) ¥()(z) = q%*,* W) (2) = 0.
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Back-to-back limit and quark TMD

Back-to-back jets: inside diagram

Back-to-back limit of dijets are conveniently expressed in terms of:

(dijet momentum imbalance) k = p1 + p2 and (relative momentum) P = (1 — z)p; — zp2

z=p{ /(i +p3) and (1 —2) =pJ /(] +p3)

S-matrix for in contribution in the back-to-back limit: upon renaming z — b (No limit required!!)

in eerg 2md(pf +p3 —q*) 2o Y i [ bk [ e +. +
S s = zm (1-2) u(l)TFT be Z+t 2Up (+00,27;b) ¥(2T, b)
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Back-to-back limit and quark TMD

Back-to-back jets: before diagram

S-matrix for bef contribution in the back-to-back limit: defneb=2v+(1—-2)z, r=z—v

o phase: e—iv~p1—zz~p2+i(v—z)-K N e—ikvb+zr~(P—K)

o back-to-back limit: P2 > k? = r? < b? (because of the phase factor), the color structure simplifies:

Uy (400, Z+3Z)a2b UF(V)U}; (27, —00;2) PW(zt,2) - Uy (400, z*;b)azb Up(b)U} (2%, —o0;b) W (2, b)
=t"Up (+oo,z+;b) T(z*,b)
— v
N 200 b
2z r—0 {
Icm::::::: w
w
gbef ~ €e192m0(01 403 —g") (1) L0 et / emibk / 20 (+00, 273 b) U(z*, b)
Yr,Lq1g: = P2+ Q7 2 DBL LT S+ e ’
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Back-to-back limit and quark TMD

Back-to-back qg dijet cross sections

In the back-to-back limit, the photon-target dijet cross section reads

dJ’Y’T‘,L‘NIl 92

2m)S(2ph) (2pF)) —————
(2m)°(2p7)(2p5) dv Ep1dpi B

=2r8(pf +pf —q") (A7) qemesCre} Hr, o (P, 2, Q)T (k)

corr.lim.

with the hard factors for the longitudinal and the transverse photon polarizations

_4Q%B3(1 - 2)?

He="pr gep Q*=m?+2(1-2)Q”
2% 72{(1+22)P2+(172)4m2 N [+ (1—2)% P2+ m? 222P2 }
e P+ (1—2)’m?]? P74 QP2 P2+ Q2[P? + (1 — 2)?m?]

and the target averaged color operator

T(k) = / ek (b=b") / <\i/(z'+,b’)'y*U}:~(+oo,z'+;b’)Up(+oo,z+;b)\I!(z+,b)>
Jb,b’ Jzt it
with a generalized CGC target average (...) over both the quark and gluon background fields.

Not yet known how to explicitly perform this target average!
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Back-to-back limit and quark TMD

Recovering the unpolarized quark TMD

T(k) = / g’ik'(bfb’)/ <\Il(z’+,b’)'fU;,(+oc4, 2T Up(400, 275 b)\lf(z*,b)>
b,b’ 2+t
Can be related to the unpolarized quark TMD:

0 = G [ [ P B 1) U oo, )V (00, 050) (0,0 P

w(0)

U(ztb)

Indeed, the CGC-like target average (- --) is an effective model for the quantum expectation value in the target
state (Piqr| - - - |Piar), but with a normalization (1) = 1.

= Both expectation values can be related as

(Phor|O| Prar) ) (Plor|O|Prar)

lim S~ lim
Flay=Piar (PlarlPiar)  Play=Poar 2P, (27)3 0(P' 5y, — Prgy) 0 (P ar —Prar)

tar

(0) =

With this relation, and after performing translations of the whole operator in 7 (k) in the 4+ and transverse
directions, one finds
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Back-to-back limit and quark TMD

Factorized cross section with the quark TMD

Alternatively, in the correlation limit we can write the cross section in terms of k, z and the dijet mass M

2 7”,2

2 _
M= (p1+p2)° = -9

The cross section in the back-to-back limit in terms of the dijet mass
aem a5 Cr e} .
= (2m) —wr HrL(Mjj,2 Q) fi(x = 0,k)

corr.lim.

doVT.L—4192
dz dMZ, d?k

with the y*-target center of mass energy W ~ 4/2¢* P, and the new hard factors

H (Mjj,2,Q) = 4Q%=(1 - ) 2
(=22 + Q%) +m?]

(1—22) (1-2)[2m? — (22 + (1 — 2)2)Q?]
[(1 —2) (M3 + Q%) + 7712]2

~ (1+22) 1
Hr , 2, G
My 2.@) = (1-2) []W]Z] - 7712] * [(1 —2) (M3 + Q%) + 7712]

22(1 — z)m?

2
" []\[72 - 7712] [(1 —2) (M3 +Q?) + mQ}

2m

- [Zblfj - mz} :
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Back-to-back limit and quark TMD

Behavior of the hard factors
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Suppressing background processes

Background from eikonal ¢q dijet

First background process to qg dijet production:
(Eikonal) ¢g dijet production in DIS

first jet, p1

second jet, ps

Distinguishing these two processes depends on our ability to distinguish quark and gluon
jets

® Very challenging in general, for light quarks

® Heavy quark jets can be distinguished from light quark or gluon jets with heavy
flavor tagging techniques

= Focus on the heavy quark case to be able to separate gg dijets from ¢q dijets
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Suppressing background processes

Background from eikonal qgg production

Second background process to gg dijet production:
(Eikonal) ¢gg production in DIS, reconstructed as a qg dijet, and g outside of both jets

heavy flavor jet, p; heavy flavor jet, p;
T L
light jet, ps
M light jet, po

g out of both jets g out of both jets

Main difference with our gg process:

Emitted ¢ will take away some + momentum and some transverse momentum
= Background can be suppressed by imposing cuts on such momentum leaks :

® Impose (¢7 —p —pf) < ¢+

® Impose k? < P2 = (1-2) [z M3 — mQ} (back-to-back limit)
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® The quark background field of the target is relevant in CGC beyond
the eikonal approximation

® \We have calculated the qg dijet production in DIS in NEik CGC,
driven by interaction with this quark background field

e The TMD factorization of the cross section is recovered in the
back-to-back limit, with the quark TMD obtained from a
(non-eikonal) CGC calculation for the first time

® gg dijet in DIS: new way to probe the unpolarized quark TMD, in
particular at the EIC

® This process can be distinguished from background processes at least
in the heavy quark case, by required heavy flavor tagging on a single
jet of the dijet, and using appropriate kinematical cuts.

G. Beuf (NCBJ, Warsaw) Quark TMD from qg dijets in DIS DIS2023, MSU, March 27-31 16 /16



	Introduction
	S-matrix
	Back-to-back limit and quark TMD
	Suppressing background processes
	

