Runnmg couplmg Correctmns to the
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£ "I,a,ncu 2 DNT,-'ﬁ7S.ubniittéd"tOPRD (no answer at all yet ...) [arXiv:1405.3525]
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o pi-broadening in shockwave and in medium at tree-level
5 Short—livedquanﬁlm fluctuations and evolution
1 DoubleIOgarithmicapproximation (vs single-log in SW)

o Runnihg coupling corrections to jet quenching parameter

'-"1_:‘,L10u Mueller Wu arX1V 1304 7677 (Double logs in pi-broadening)
f_f::Iancu = arX1V 1403. 1996 (Non—lmear evolution and its DLA 11m1t)
-,Bla1zot Mehtar—Tam arX1V 1403 2323 (Energy loss and renormal1zat1on of 4)
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L-broadening in SW and medium

igh energy — 6 ~ p, /E < 1 — eikonal approximation
L
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. 0zt projectile LC time
0 TargetRF‘PAEp ~ 107GeV, jet in AA E; ~ 10°GeV
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- Gaussian target average

o Independent color charges down to mp ~ gT or Agcp
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o Coulomb propagator squared (k

‘O To: constituents number density

5 Projectile dipole




o Logarithmic contrib

O () = exp ——”(O)l/rz} r?

wit tree—level jet quenching parameter

QQ

A(O) Q2 ~ 47?04201:77,0 n -

as X 3D charge density

0 Saturation momentum: exponent of O(1) when r@Q; ~ 1
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Qg ) = ¢ Q? 47TOzQC’pn0Lln AS ~ LlnL

'thiSiSAl/ °In A dependence of Q2




Quantum evoluti

virtual L ‘ _':*-  - | virtual

real

‘real

o Quantum fluctuation has formation timme 7 = 0/

o Typical case in SW 7> L

K ~QNL) =gl Tmin=2w/¢L  wZw.=¢L%/2
0 In a medium w < w, typical fluctuations live inside it
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0 B-JIMWLK, BK at large N..: LL eqn in Y (rapidity separation)
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‘0 Non-linear: target saturation /unitarity in multiple scattering




- difwion RC InQ3(Y) = 1 VBY — ol (6¥) /)
\‘QQS SW

s

0nly FC num. confirmed

D Occupation numbers with k < Q,(Y) saturate to ~ 1 / Qs

. 0 Linear evolution + saturation boundary
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Azxt~1/p ~1/x

o Saturation momentum proportional to length over which
gluon overlaps with its source

o In SW problem ~ L

0 Az™: time 7 for R-mover, longitudinal size for L-mover




- _ — diffusion
S

\‘QQ 5 .SW
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= SW: single log problem (BFKL)

5 Medium: symmetry in two types of logs — double log (
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First iteration in non-linear equation, no virt. for big dipoles
Integrate t1me T from A to L

Integrate transverse from q(O)T up to res.scale 1/r? ~ p?
'Single scattering approximation to get the second-logarithm

n(L/\) In(p?/4(©7)

Absorb 'indefinition , ofjet—quenching parameter




Fixed coupling

1 Evolution equation for  4(Y;p) = d(In7/X, Inp?/¢© )

. e =
i(v.p) =i +a [ a¥i [ dpraie

0 Lower limit restricts PS to single scattering

] Solution for Ctht. IC |

i(Y,p) =4O |T(2v/aYp) - = L(2v/aY

= For p = Y (r—L p= — GO L ) leading prefactors cancel
2valy - e
" vaY - 477 Vay)3/?

=g

o Very similar tQQg(Y for scattering of shockwave
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Running coupling

running coupling is leading order effect

= A(O)_|_b/ dY; / = - q(Y1,p1
= 0 ¥ 1 o0

0 In general 0~ In Q(O)A/A2 . For po —0
GO, p) = ¢y 1n§ 1
4 ¥ ¥

11113'0 11 2 7 49 7 49
36 ¥y 7 ¥ 9ol ¥ 648

) =¢O0Y)2 (-2 Zln£+g

3 (Y. p) = ¢ (by)?

o Series in (bY)" for p =Y, no pattern for lowest orders
(Standard DLA: Only highest log-power is present )




Rurmmg coublmg asvmptotlcs -

= Calculate series CoefﬁC1ents at Very h1gh orders
Fit analytlcal data '

In s (Y > wa 3|§1|<4br>1/6 +ilmY +x+0(Y-1/5)
- 51 —2 338 K= const and recall e ln(L/)\)

o Str1k1ng s1m11ar1ty to ln QQ( ) for scattermg of shockwave
Exactly same dependence, different coefﬁc1ents

=« Should exist an analytical proof ..
Should ex1st numerlcal proof for SW




Runaing coupling results -

ey, dlnqS(Y)/de
- = e _* 07K,
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Truncated Us asymptatzc - | Truncated vs asymptotic
" pon - s 23043

o Ser1es dommated by Ne ~ 2\/ bY

- O IR ”cutof - ‘does not change (Very) h1gh Y asymptotlcs




Fixed vs runnin

= QS(Y)/@(O)

O Us RC;'.IC const.
3, =033, b=4/3, po = 2.3

| © Forup to three units in rapidity FC-RC

Y = In(LT) = Yinax ~ In(8fim x 500MeV) ~ 3
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L-dependence of energy loss

Eloss tree OC L 2'

Eloss FC) x L2HY, 7 =2/&

Floss(RC) ~ [2AVEE b= 12N,/(11N, — 2N,

Floss(AdS/CFT) o L*

5 FC interpolates the tree and AdS/CFT result
- RCihsame direction, but different structure. Not confform’al

o Leadmg asymptotlcs results not to be trusted.

In practice: keep few terms series or fit to Eloss fit,
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Conclusmns

D Shor t'liVed‘ﬂliCtuatiohs redéﬁne‘value O'f"'(j = =
- | RC is leadmg order effect m DLA

(Math of) Evolutlon s1m11ar to that of ln QZ( ) of a SW

Umversallty asymptotrcs mdependent of IC, for FC and RC

An enhaneementfactor of ~3 for three rapidity units




Fixed coupling results

= e

15

- s ) o 5 75 30 Ve, Y
~ Exactos asymplotic * Exact vs truncated (n=34,5)
. Asymptotlc cerrect down to v OésY ~ 1

_Y terms reproduce exact result

0 Thus ﬁxed order ser1es same W1th asympt0t1c result
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Imtlal c0nd1t1ons

e - qs(Y)/q(O)(Y)
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FC IC const vs ,0+,00 RC IC const. vs ln(’j:;'ZO)

_033 p0—23 . 3 =23b=4/3

o IC P'—depehdeme from gluon distribution and /or coupling




