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Eikonal Scattering
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Eikonal Scattering
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JIMWLK Hamiltonian

For a gluon crossing a shockwave target, the background
field propagator is essentially a
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Color Glass Condensate: Target Average
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Lorentz contraction allows to consider the scattering with the tar-
get as an average ovedr different field (Wilson line) configurations
in the target

(TIS|T) = [ DUDU(T|U)(U|S|U)UIT)

For elastic or inclusive observables in the target, is diagonal in Wilson line
space

(T|SIT) = [ DUSyWy[U]

Wy U] is the target "wavefunction squared’ (classical probability amplitude)

Particle Production in p A with Rapidity Correlati Diffraction 2014 José Daniel MADRIGAL



JIMWLK EVOLUTION MULTIPARTICLE PRODUCTION & RAPIDITY CORRELATIONS CONCLUSIONS

Multiparticle Production & Rapidity Correlations:

Phenomenology
RIDGE IN AA, pA AND pp COLLISIONS Observed dihadron
correlations and

CMS PbPb /syy = 2.76 TeV, 220 < Nofine <260  CMS pPb /syy = 5.02 TeV, 220 < Ngffine < 260
1< pi's <3 GeV/e 1< pie <3 GeV/e
1 < p§°c < 3 GeV/c 1< pFec <3 GeV/e
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While these correlations can be attributed to final-state effects in
AA that is most surely not the driving mechanism in
high-multiplicity pA and pp collisions
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Multiparticle Production & Rapidity Correlations:
Phenomenology

RIDGE IN AA, pA AND pp COLLISIONS Observed dihadron
correlations and

CMS PbPb \/syy = 2.76 TeV, 220 < Ngfline < 260 CMS pPb /syy = 5.02 TeV, 220 < Noffiine < 260

1< pi's <3 GeV/e 1< pi <3 GeV/e
1< pg=oc < 3 GeV/e 1< pisoe <3 GeV/e
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Multiparticle production at well-separated rapidities
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A Foray into the Literature

[ In diffractive and semi-inclusive production processes, one needs to track
independently direct and complex conjugate amplitudes

O A number of production processes computed in the literature for DIS and
pA collisions,

e Inclusive gluon production in quark (proton)-nucleon collisions [Kovchegov & Mueller
'98; Kopeliovich, Tarasov & Schiifer '99; Dumitru & McLerran '02; Kovchegov & Tuchin ’02]

e Single inclusive quark valence production [Kovchegov & Mueller '98; Kopeliovich, Tarasov
& Schifer '99; Dumitru & McLerran *02; Kovchegov & Tuchin '02]

e Prompt photon and Drell-Yan dilepton production [Gelis & Jalilian-Marian '02;
Kopeliovich et al. '03; Baier et al. '04]

e Inclusive gluon-gluon and gluon-valence quark production [Jalilian-Marian &
Kovchegov *04; Beier et al. '06; Kovner & Lublinsky ’06]

e Inclusive q@ production [Blaizot, Gelis & Venugopalan '04; Kovchegov & Tuchin *06]
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Doubling the Degrees of Freedom

O JIMWLK gives rapidity evolution of amplitude = not directly
applicable at cross-section level

However, notable relation between

and for

When rapidity evolution is allowed between emitted particles, these
quantities are not obviously related, however they coincide at LO [kovchegov &
Tuchin '02] and NLO [Mueller & Munier '12]
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Doubling the Degrees of Freedom

The doubling of the contour in production processes suggests
for direct and conjugate amplitudes [Hentschinski,
Weigert & Schifer '05; Kovner, Lublinsky & Weigert '06]
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implementing quantum interference between direct and conjugate amplitude
Hevol = Hymuwirk [U, R; U, Rl + Hyimwik [U, R; U, R+ 2Hymawrk[U, R; U, R]
1
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Semi-Inclusive Multiparticle Production with
Rapidity Evolution

O One can take advantage of the formalism to generate
on-shell gluons with a production Hamiltonian kovner, Lublinsky & Weigert

’06; Tancu & Triantafyllopoulos '12]
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e Different coordinates in direct and conjugate amplitude needed for measuring

the particle momentum

O Both Heyvol and Hproq act sequentially upon a
, e.8.

A 1 = A 1 Y=
S;qj = W’I‘I‘[U; :i:] (gluon); I;,ygi = F’I\I'(V;Vy ng) (quark dipole)
c c
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Semi-Inclusive Multiparticle Production with
Rapidity Evolution
Then, a general semi-inclusive multiproduction cross-section in the eikonal

approximation can be written in the form [Kovner, Lublinsky & Weigert '06; Tancu &

Triantafyllopoulos ’12; Tancu, JDM & Triantafyllopoulos '14]
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e Here, we are measuring the momenta of all components of the projectile,
associated to the generating functional
o After generating all emissions, we set for target average
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An lllustrative Example

[Tancu, JDM & Triantafyllopoulos ’14]

CONCLUSIONS

(at large-N¢)
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An lllustrative Example
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An lllustrative Example
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An lllustrative Example
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Although expressed only in terms of dipoles and quadrupoles [pomingues et al.
'12], it seems pretty untractable... can we tame the beast?
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Langevin Reformulation: Real Computations Feasible

O From the point of view of target evolution, JIMWLK can be rephrased as
a Langevin stochastic process [Blaizot, Tancu & Weigert '02]

[0 This is well-suited for numerics [Biaizot, Tancu & Weigert *04]: €xpectation value
of dipole [Rummukainen & Weigert '03] and quadrupole [pumitru ¢t o1 *11] Obtained
from solution to JIMWLK equation

Discretize rapidity interval, AY = Ne
(Say)y = N%<Tr[UJTV,mUN-y]> (vim zVVjL y) = lémno 7690y

Random walk in space of Wilson lines with white noise

AR e i b-ic B i 46 a

U”-,l' =e'Y Unfl,:r,e 1 = fz Ka:z Vn, zT
itial c iti IR i i ab a
Initial condition U, given by f }C U”i1 20 zT

McLerran-Venugopalan model
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Langevin Reformulation: Real Computations Feasible

e Being able of using Hevol and/or Hprod, means keeping the
of the Wilson lines at each step of the evolution...

...but functional initial conditions are not good for numerics

: Keep a second Langevin process in the bi-local quantity
Ry e = Un,mRZUJL@, for which initial conditions are

a g a
RO uew = 1g0uaxT® [1ancu & Triantatyllopoulos "13]

PROJECTILE

(0000000000005050X. Y, p

Bilocal Langevin
for R,U, and L, U,

(0000000000000000K. Y, k

Normal Langevin
for U,

TARGET Yi, Ui (MV)
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kr Factorization Is the Exception, Not the Rule

O As a general rule, evolution couples nontrivially projectile and target,
braking kr factorization

[0 However, for single-inclusive gluon production, one recovers factorization
when the projectile is not measured, due to cancellation of final-state
interactions [Chen & Mueller '95] (only R-terms remain in Hamiltonian)

do_PA%g(k)X 1 1

o oy —ik-(y—9) iy gt prtyea(rt _ prbyed
Ckdye | (20)% 4x8 /yye 1 GO = U (U U >y
X [RZRZZAY]U:Q

with generic projectile generating functional Zay = eHevOlAYZy:o
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Take-Home Points

o We have described a general formalism describing from first
principles particle production with rapidity separations in pA
collisions
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Take-Home Points

e We have described a general formalism describing from first
principles particle production with rapidity separations in pA
collisions

e Although the evolution equations one obtains may seem hopeless,
they are susceptible of numerical implementation as a Langevin
process
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Take-Home Points

e We have described a general formalism describing from first
principles particle production with rapidity separations in pA
collisions

e Our formalism includes the effects of interferences, going beyond
classical Monte Carlo simulations
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Take-Home Points

e We have described a general formalism describing from first
principles particle production with rapidity separations in pA
collisions

e Our formalism includes the effects of interferences, going beyond
classical Monte Carlo simulations

e General properties of multiparticle production with rapidity
correlations, like the breaking of factorization, can be identified
naturally
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