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® action for reggeized quarks:

an action formalism for reggeized gluons:

Lipatov’s high energy effective action ® action for electroweak bosons:

hasic idea: [Lipatov; hep-ph/9502308]

relevant kinematics:
Multi-Regge-Kinematics
(separated in rapidity &
transverse momenta of same
order of magnitude)

correlator with regions
localized In rapidity,
significantly separated from
each other

factorize using auxiliary
degree of freedom =
the reggeized gluon
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idea: factorize QCD amplitudes in the high energy
imit through introducing a new kind of field: the
reggeized gluon Ax (conventional QCD gluon: vy)

Kinematics (strong ordering in light-cone
momenta between different sectors): 0+A_(x) =0=0_-A4(z).

underlying concept:

e reggeized gluon globally charged Ay(x) = —it® A% (x)
under SU(Nc) | |
* put invariant under local gauge transformation
1 1
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— gauge invariant factorization of QCD correlators



underlying idea:

= Integrate out specific details of
(relatively) tast +/- fields

= description In sub-amplitude local
in rapidity: QCD Lagrangian +
universal eikonal factor

- effective field theory tor each local
rapidity cluster

Seff = SQCD + Sind.
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non-trivial test:

2 loop gluon trajectory
from high energy
singularity of the
reggeized gluon
propagator




A short appraisal of Lipatov’'s %%%%%%%%%%%% % % g %
(b) (© (@) (0

high energy effective action .

natural framework to address multi-reggeized gluon exchanges

in particular: contains Balitsky-JIMWLK evolution (=Color Glass Condensate formalism) &
background field propagators

NLO impact factors for jets without and with rapidity gap (2 Reggeon state)

2 scale processes

Complementary (dilute): spinor helicity amplitudes based formalism

— well tested effective action formalism
for high energy factorization
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Forward Higgs
production
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Why is this of interest”

®
W
®

e.

Iggs phe

nomenology: only for events

nich 1der

tity a forward Higgs

Iggs + jet configurations with
resummation of (a,An)"

g.

® program to define combined
low X evolution with TMD splitting
kernels

® Higgs = a color
access to the g

DGLA

. See also
poster by Lissa Keersmaekers

P &

ess final state & gives
uon distribution
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How to organize an NLO (and beyond) calculation
using the high energy effective action? é é :

- fully worked for virtual corrections — determination of the 2 loop
Regge trajectory N 9g
- cross-checked & works w®(g?) = (WM (a?)) 2ny 7T

- 4 _3 SNC' 3 9€+ 27 6

real corrections:
® cssentially the same

® put deal with Multi-Regge-Kinematics
means:

- strong ordering Iin rapidity

- In general arbitrary transverse momenta

® need to work with convolution integrals instead of products

in general not a problem & well known from e.g. conventional collinear
factorization




Higgs production In

Startlng pOlnt hybnd faCtOr|Zat|On fragmentation/forward region

of proton 1
P =THPA ’;HS pB +p1
collinear parton /s
distribution of Iy = 1n Ny unintegrated gluon distribution
proton 1: large x " of proton 2: low x
- off-shell = high
energy tactorization
- defined through 2
o _ [ 5 g (2 ) [ ERCaronlibnz kg, T pogezed dhon
d?pdx g vy 2 "\ oz T d?pdz g L
a=—(q,g
object of interest:
not included: coefficient
® multiple reggeized gluon exchange 3 ANTLO 3 A(0) 3 A1)
(Glauber gluons) ‘ Cag*;H = 0 ! C"’g*;H R ! Opg*;H -
® no high density effects drd°p depd®p 2w drpdp

® possible, but beyond this work



Tree level:

conventional gluon

reggeized = high
energy factorized
gluon

(0
dcégz‘—)H(:u%’a MNas <, k)
d2pd£IjH

g™
8(NZ = 1)

o) —

= 5@ (p — k)§(1 — 2)

coupling Higgs gluon ftield
through effective Lagrangian
(m, — ©0)
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Virtual corrections

® determined In

® rapidity divergences regulated through tilting light-cone directions of eikonal propagators
n*t — n* + e n* with p = oo parametrizing the singularities

e collinear, UV and soft singularity regulated through dimensional regularizationind = 4 + 2¢
dimensions

dhyg (k) dhl) i (5k) o (k_2>< Oy 1 (8(;4 znf>

d?pdx g d’pdrxyg 27 \p?) | € e\ 3 3
Cy | k* . M? T 49 10
| eA —p + In ) + Cy |2Li5 (1 | k§> | ; I 5 + 11 gnf >

k high energy divergence & log in energy:
proportional to 1-loop gluon trajectory
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regulator on gluon rapidity

Real CO rreCtiO nS general:&bserved final state particle

/ P
/ 7
/ Phd
- /
I /

2 f oy (A =2)ME(Rm)[ER 4+ (1-2) -2 — 2:(p-7)(p - )
Hog -9 K) = 752 (P + (1= 2))13)
C(1+e)(1—2)%2 MY ( 1 . 1 )2

| 2 A2+ (1—2)M2  p>+(1—2)M?

22%(p - A)? + 2¢ - (1 — 2)*2°M%, 22(1 — 2)* M3, 22(1 — 2)* M
P2+ (1 —2)M#)(A%2+ (1 —2)MZ) A%+ (1—2)Mz  p?>+ (1 —2)M3
(1—2)zMz(k-r)[z° + (1 —2) - 2¢] —22°(A - 7)(A - k) }

r2(A% + (1 - z)Mp) . . .
ok { Z (1—2) (k- T)Q} e high energy effective action

1_le(1—z)—|—2(1—|—e) - 13,3

0
dsh;g)*_)Hg(Z,k) _ asChrog
ClZUHdQP 27‘('6]{32

Hyor(z,p, k)0 (779 T g)

using 3 different methods

’ e k[-factorization (in light-cone gauge)

r2

e KaTie Monte Carlo

_ 2 (k"'“)Q_
. _z +4(1 — 2) K2

e Ccross-checked against collinear results
for K — 0 (off-shell gluon TM)
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e UV as for collinear calculation

How to obtain a coefficient?

_ ~as(ur)Bo (1 1% 111Gy 2ny
g = (XS(/LR) |:1 ! (47‘(‘) (6 —|—1I1 ,LL2 ’ 50 — 9 3 ;

off-shell partonic result contains using that g ~ a,(up)

*high energy divergencies

1 loop partonic parton distribution

(parametrized by p — ) Ly (2) = Buu8(1— 2) — & (1 fln “—5) Pou(2) + O(0?)

2T

ecollinear, soft and UV

divergencies coll. gluon/quark

31 (0) A -
Ao g S /1 dg/d”%ic dscbguﬂb(z,k,p)rba <£ ﬁ)
dzgd?p o dzgd?p e

" (5Cy —2ns  31C4 — 10n¢
Oe 18

® more Interesting:
external legs

2 €
+6(1—&)(p+2n, 5@ (ke — k) (%H
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Origin of the 1-loop unintegrated gluon distribution:
subtraction & cancellation of rapidity divergencies

both diagrams have an overlap region = need to
remove this overlap

oo -

fwd Higgs +

| central gluon
gluon (quasi- production (high energy
elastic): our factorized)—the BFKL
result kernel
both: + virtual corrections

*No overlap any more
eofinite for p — oo
ecCorrect
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Transition function

NLO
next step: introduce dogy™ = [Ca,B(p) ® Ge(p) @ Cp ()]
transition function Z~ to
make cancellation of

divergencies between renormalized reggeized gluon
individual contributions Green's function
explicit
Gp(k1, k2 p) = [Z+ (g — na) RGR (N, M) @ Z~ (g + nb)} (K1, k2)
d renormalized subtracted coefficient

—ZV(p;k,q) = | Z7(p) ® KprkL| (k. q)

dp
Ca a§k1 = Ca Z—I_ B — 1a kl
diﬁz_(@kﬂ) = |KprkL ® Z~(p)] (k, q). e ) [ e (2 ! )} )

transition function subject to BFKL
kernel = possibility to define it

o | . contains also finite terms
within effective action .
— those terms are moved to iImpact

Note: reggeized gluon self energy

factors

1, factorization parameter — universal, but p independent terms

— BFKL equation for G, as RG equation
15



Real-virtual cancellations:

1 1 . .

Our final result still contains —, — poles can be shown relatively easily that those
€ €? poles cancel (phase space slicing

and divergent convolution integrals techniques)

numerics: something like dipole subtraction
would be desirable .....

G(Na, k)

here: divergencies related to convolution integral = can't directly A’k dCog 11 (1%, Ma; 2, k)
apply those techniques /

(0 d? deE H

instead propose;, o -
[Car D e r = [0 e

72 T | r?

calculated analytically &

added to virtual corrections
—combined expression finite

p?G(p?) 1 *®in general: numerically for real corrections
r2 + (p+1r)2| efiniteness checked for Mellin representation

d 2\ _
of G(q?) = Jz—; (%) G(y)
0
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From rapidity to proton momentum fraction x

. L . s 1 T
~high energy factorization: naturally formulated in rapidity n = Elnp—
PE
. 1 Tpn
— resummation of Ay = —1In LAl
2 pipg )
1 Px . Igrge
_ phenomenology: want to resum In— = In— — unintegrated gluon difference
X PA IN rapidity
fits given in this variable An
- change of variable trivial at LL, non-trivial at NLL and beyond
1 1. Mi+p,2 .
_ problem: Ay =In—+—1n — |large extra collinear log
X 2 sz
- MRK diagrams: worked out in principle In
~2
Z" (psk,q) = 6P1?) (k — q) + pKprkr(k, q) + %KBFKL ® KprkL(k, q)
effective action: need to consider most general o f+(k, q)
transition function (with finite contribution) + [T ® pKerkr(k,q) + 1 (k, q) 5 — ...

- was already needed for 2-loop trajectory and 1-
loop virtual iImpact tactors

_ now: with k, dependence to eliminate large logs
from hadronic impact tactor
17



Conclusions

 Derived coetficient for forward Higgs production within the m, — oo effective gluon-Higgs
coupling

* Introduced transition function to cancel high energy divergencies

* Presented subtraction mechanism (—mimics dipole subtraction)
achieves elegant cancelation of soft-collinear cancelation between real & virtual corrections

Outlook:

 Numerical studies + most general reggeization scale setting

* generalized TMD factorization along the lines of

 phenomenology?
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Thanks a lot for attention!
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