TOWARDS THE FULLY DIFFERENTIAL MEDIUM-INDUCED

SPECTRUM WITH THE IMPROVED OPACITY EXPANSION
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Conclusions

Recap: last week in the heavy-ion coffee...
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Parton branching

Vacuum In-medium
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How is the 1-2 splitting process modified by the QGP background field?
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Weakly-coupled description of the QGP

amplitude ' C.C. amplitude
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e Microscopic interaction: collision rate 7(p,)

7 N

[Aurenche, Gelis, Zakaret JI}EP’022] [Gyulassy, Wang PRL'92]
HTL g mpl GW g’
) =S r P = T
p1 (p1 + mp (p1 + 17)
uv Ny - Upd

Limits:
IR yGW(p ) — cnst. yHTL(p ) — llpi




Dynamics on in-medium branchings: pt-broadening

Diffusion Iin transverse space follow Fokker-Planck equation
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The typical transverse momentum acquired Is
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No collinear divergence in the in-medium shower @




Dynamics on in-medium branchings: LPM effect in QCD

[Landau-Pomeranchuk Migdal’53]

During the splitting time many scattering centres act coherently
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leading to the suppression of the spectrum in the UV
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Dynamics on in-medium branchings: medium-induced emissions
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|Baier, Dokshitzer, Mueller, Peigneé, Schiff’96]

M ed i u m - i n d U Ced rad iatiO n SpeCtrU m [Zakharov'96] [Wiedemann'00]
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Remarks abOUt the pOtentiaI [Barata, Mehtar-Tani’20]

When k

Leading order map between the two most popular medium models
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Medium-induced gluon radiation spectrum: 2 analytic limits

e Multiple soft scattering approximation:

The problem reduces to that of an harmonic oscillator. Common in MCs

[Caucal, lancu, Mueller, Soyez,18’-20’]

e Opacity expansion: expand kernel in powers of v(x,)
Kty t,) = Ho(tr, 1;) + Idt%o(tz, OV(E)H (2, 1)) _A\
'Wiedemann'00]

LO (N=0): vacuum radiation. NLO (N=1): single, hard scattering
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Sievert, Vitev'19]




Medium-induced gluon radiation spectrum: 2 analytic limits

we = 140 GeV,L = 6 fm,jy = 0.16 GeV?>,u2 = 0.12 GeV?>
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Is it possible to encompass these two limits in an analytic framework?



The ‘improved’ opacity expansion =i

[Mehtar-Tani, Tywoniuk’20] [lancu,ltakura, Triantafyllopoulos’04] [Moliere’48]

Key Idea: expand around the harmonic oscillator by doing
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Harmonic oscillator + hard-scatterings as perturbation



The ‘improved’ opacity expansion: FAQ

e What is Q*? Related to the typical transverse momentum acquired during the splitting

f O° = gL expansion iIs divergent at small frequencies :> 0° = 0%(w) =+/wg
Notice that when all-orders are taken into account, result does not depend on Q*

e Higher orders? NNLO computed analvtically in [Barata, Mentar-Tani20] 1.
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-ast numerical evaluation of the series + quick convergence .

-[FStDeTHeltkI% regime? Need to go beyond the leading-log potentla\ "
ehtar-Tani, Tywoniu

V(X)) = vyo + vy && new Q*(w) as current one breaks down when Q* ~ u.

Region not relevan for phenomenology.



Medium-induced gluon radiation spectrum with the IOE

we = 140 GeV,L = 6 fm,jy = 0.16 GeV?,u% = 0.12 GeV?>
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Smooth matching between the multiple soft scattering and single hard regimes
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Numerical solution vs. IOE
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Excellent agreement with the full solution in its regime of validity
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Transverse momentum broadening (again)

Kinetic theory formulation of momentum broadening
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Analytic solution for GW/HTL potential does not exist @



Sensitivity to IR modelling with a twist expansion (s wener i Aso, fuwonuezo
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Transverse momentum broadening (again): 2 limits

1
SH(x)) = exp [ QSOxl log > ] + @(x 1)

* Multiple soft scattering approximation: gaussian broadening
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Transverse momentum broadening with the IOE e venarran aso monczol

[Moliere’48]
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The transverse momentum broadening probability distribution reads
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Transverse momentum broadening with the IOE: test case
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LO+NLO reproduces the exact numerical solution accurately



Transverse momentum broadening with the IOE: phenomenology

Is A

LHC

Pb+Pb@LHC: ,/snn = 2.76TeV,L = 6fm,T = 470MeV

o GW

£ e HIL
a 10_35 —  1LO
< ot LO+NLO

. LO+NLO+NNLO

~

kT [GGV]

A~ 0.19

B log(Q?%/uz)

<1

RHIC

Au+Au@RHIC: /sy = 200GeV,L = 6fm, T = 360MeV

. — 1O

- LO+NLO+NNLO

~Copeee
COOO0eRR
00009
, 0089
e 099,
~~ O
~~AO
O
000

YO

<
...
@

o GW
o HTL

LO+NLO

kT [GQV]

A~ 0.21

o

in realistic experimental conditions?

EIC

e+Au@EIC: /sy = 85GeV,L = 6fm, T = 241MeV

o GW

LO
LO+NLO
LO+NLO+NNLO

i



Fully differential medium-induced spectrum e veneaetan. aso roniuiin progress!
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@ kt |Zakharov'96] t
dl 20 0 > |
(27)°w =R J dtz[ dtlJ e* LY P(x 1)

dodk,  w? 0 0 :

1

X a)’i . axl (‘%(‘XJ_’ Y1, tl))yl=()] - Vacuum
€ >
L

In the |IOE, two expansions: one for the broadening, another for the kernel

27n)’w —

dl 20
_ 2omg
dodk,  w?

o0 )
J dt2J dtl [ eikl-xlg)LO+NLO(kJ_’ t2)

0 0 X1

X ah . axJ_ <%H0(xl9 t29 )’J_, tl)yl:() + 5%()‘]_9 tz, yJ_’ tl )] - Vacuum



Wrap-up

Introduced the improved opacity expansion that extends Moliere’s theory of multiple
scattering (1948) to modern jet quenching theory

Semi-analytic approach to account for multiple-soft and rare-hard scatterings at LO+NLO.
Systematically improvable order-by-order in perturbation theory

Orthogonal and complementary approach to the recent numerical efforts to solve exactly
the medlum Iﬂduced SpeCtrum [Caron-Huot, Gale’10] [Feal, Vazquez'18] [Andres, Apolinario, Dominguez’20]

To-do list:

Finalise transverse momentum dependent spectrum and compare to exact solution
Implement in jet quenching Monte Carlo codes (e ssived by Caucallancu, Soyez 20}

Impact on phenomenological observables, e.g. Raa [MentarTani, Pablos, Tywoniuk in preparation



