Detectors in weakly-coupled field theories

urat Kologlu?3*, Petr Kravchuk®>%7, David Meltzer?®, David

Simon Caron-Huot!,

small-x physics in scalar ¢* theory

SURGE proposal:

e Small x evolution: LO evolution is not sufficient for accuracy. Need the NLO and beyond. How
to consistently implement resummation in non-linear evolution and match small with large x,
relevant for EIC kinematic regime ?
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Motivation

Scalar ¢* theory lacks gluons:
we don’t expect saturation-like behavior.

Linear physics is still interesting (DGLAP and BFKL-like).

Q: what is the Pomeron intercept in scalar ¢*?
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DGLAP evolution of ¢ parton distribution:

~ 1

ﬂ%f(p(x? 1) = | %Pgbﬁp(z)fgb(f;ﬂ)
/12

Pyl@) = s @— %5(1—@]

DGLAP kernel lacks 1/z singularity from soft emissions.

= expect lim xf,(x) = 0: small-x physics stays linear.
x—0

(Contrast with: xf,(x) — oo from QCD DGLAP)

Q:What is the pomeron intercept: f; ~ X
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Moments: f(j) = J %xjf(x) x (p| o’ ¢ |p)

0

=matrix element of @j : definite boost ; & dimension A.
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j=0 pole suggests
Jox) ~x7/ 0
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Expect: high-energy limit should involve full transverse plane.

Focus on ¢* CFT in d = 4 — € (Wilson-Fisher).
There is a natural transverse shadow:

d=%y, O(y))
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@j(xj_) = @(xl)—
A B d-—A

Spectrum of lightray operators in any CFT must be invariant.

4/12



o T

usual parton

shadow distribution

operators : .
. light-ray operators
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|dea: singularities in perturbation theory caused
by free theory level crossing.
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Resolve mixing using 2x2 matrix acting on (O ,, 5A):
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eigenvalues: j.(A) =+ \/ (A—=2)* +21°%/(4n)* + regular
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not diagonalizable
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Summary of results

® Method to resolve intersections (double-logs)
° Exponentf¢(x) ~x7ing*ind=4—¢.
Supports j. ~ 0.8 < 1 in critical 3D Ising.

® Discussed subleading powers, but could not resum.
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more on subleading powers
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We could renormalize individual diagrams,
but it is still an open problem how to exponentiate them.

8/12



QCD

DGLAP: j=a- z+z“CA< L_HAH?O)
<A—3><A—z>

T A—1
BFKL: %5 (2w(h) -y (5h - wiED)

T

oF

DGLAP-BFKL duality =
curves meet analytically.

Brower,Polchinski,Strassler&Tan 06
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QCD

DGLAP: ;= A—2 42 % < : = —HA+bO>
T (A-3)(A-2) A 1
BFKL.:

C _
= (2p() - () - w(E))

T

Natural speculation: singularities
resolved by 2x2 matrix

FEETN <A -3 2aSCA/7r)
1 0

20 -

S

15

| A—3=+ \/(A—3)2 +8a.C, /7
0.5 —
7 2
wwwww oGy matches
-0.5 ? .
7| A =3 leading poles

Q:Is ignoring lower branch a ~ x =Y error?
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Some considered projects:

® Combine DGLAP with nonlinear BK into 2x2 matrix!?

® Better understand evolution of subeikonal terms?

Free QCD:

J (;\\
N7 15 Q\Q"
% | Y, (&
N3 >, &
. L4 ¢ o2
. BFKL . .« .
----------------- R e o L E TR N,
L ®'::0
05
» KPS’ tr[vf(x )vpol(yl)]
-1.5 -1.0 -0.5 AN o 5 1.0 1 5

1 1/12




More potential projects:

Mathieu Giroux

® O(d-4) corrections to 2-loop BK or B-JIMWLK?

® |mpact factors, dijet cross-section...?
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