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Central question

Q: how can one reconcile large and small angle (soft)
modifications of jets in HIC?

A: separation of scales: Qjet » Qmed » Qo
® vacuum: splitting via (quasi-)collinear evolution

® medium: branching & broadening

Simplifications: only glue; studying limiting case, useful for
understanding bulk effects; no dynamical medium/geometry
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® MLLA + LPHD (limiting spectrum Qo=Aqcp)
® resums double logs and single-log corrections

® perturbative jet scale M, =Q=EQjet
® color coherence = angular ordering (AO)

[Dokshitzer, Khoze, Mueller, Troyan, Kuraev, Fong, Webber...]
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General picture

K. Tywoniuk (UB)




General picture

e we assume jets at sufficiently
high-pt are collimated - the
medium resolves only the total
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General picture

e we assume jets at sufficiently
. high-pt are collimated - the
medium resolves only the total

<5 charge {Qje)#0

00 e two main medium effects:

Jon @ {Qjer) induces BDMPS radiation ::
onset of rapid branching & broadening

e coherent structure (AO) is weakened ::
antiangular radiation (quasi-collinear
& long form times)

How does this come about?
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QCD jet in medium

L New scales:
A -
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Presently no available theoretical framework for describing
the in-medium fragmentation :: working models (MC) or limits!

Mehtar-Tani, Salgado, KT 1009.2965; 1102.4317; 1112.5031; 1205.57397
Casalderrrey-Solana, Mehtar-Tani, Salgado, KT 1210.7765; Casalderrrey-Solana, lancu 1105.1760
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Narrow |ets

Analyzed in detail in the so-called
antenna problem, the “dilute” regime o
q9

= color transparency

T-(survival prob. for color coherence) =! ,.q ~ Q?Ti

Mehtar-Tani, Salgado, KT 1009.2965; 1112.5031,
Casalderrrey-Solana, Mehtar-Tani, Salgado, KT 1210.7765
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® geometrical separation!
® modifies MLLA @ the second splitting
® shift of the humpbacked plateau!

® introduces the medium scale A2 = In Q4/Qo

Mehtar-Tani, Salgado, KT 1009.2965; 1112.5031,
Casalderrrey-Solana, Mehtar-Tani, Salgado, KT 1210.7765




Factorization of energy loss

A “factorization” for leading medium-resolved subjet:

® separation in angles :: only the total
Q38880 charge radiates

® allows to separate the treatment of
X the two different processes
® interpretation a la AO

\ ® genuine limit of QCD

Fluctuations:

"% picture improved by including the possibility of resolving
several subjets :: solving dynamical problem of decoherence!
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Factorization of energy loss

A “factorization” for leading medium-resolved subjet:

® separation in angles :: only the total
A0 charge radiates

® allows to separate the treatment of
the two different processes
® interpretation a la AO

\ ® genuine limit of QCD

vacuum showering (with
—> reduced energy) starts
w/decoherence effects

jet produced with given — total charge/ancestor
pT, Do(x) = 0(1-x) particle lose energy

Fluctuations:

gz picture improved by including the possibility of resolving
several subjets :: solving dynamical problem of decoherence!
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cvolution of med-gluons

~ BH regularization
= Analytic (infinite length)

10 gy = 0.005 ~
_ _ asN. [qL?
: 7 E

0.1
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0.001 0.01 0.1
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® probabilistic picture: evolution
governed by rate equation

® hard part :: similar to quenching
weights (independent emissions)

® soft part :: quasi-democratic
branching (turbulence)

® generalizations

® high energy jet: E > W

® Infrared regularization (Bethe-
Heitler cut-off energy)

Blaizot, lancu, Mehtar-Tani arXiv:1301.6102
Talks by Y. Mehtar-Tani and E. lancu
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cvolution of med-gluons

VrD(z,T)

* Bilvealiatior 7| @ probabilistic picture: evolution
- b nalytic (1nifnite leng ] .
0L zpy = 0.005 ' governed by rate equation
- asN L . .
| T = SW ~1/ qE ® hard part :: similar to quenching
1 | weights (independent emissions)
| ® soft part :: quasi-democratic
0.1 branching (turbulence)
| ® generalizations
0.01 |
® high energy jet: E > W
A ® Infrared regularization (Bethe-
0.001 0.01 0.1 1 .
X N Heitler cut-off energy)
. WBH .. : .
LBH = B d new Scale.m the PrOblem° Blaizot, lancu, Mehtar-Tani arXiv:1301.6102
(accumulation of quanta) Talks by Y. Mehtar-Tani and E. lancu
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et suppression

Calculating quenching factor Q(pr) for “leading sub-jet”

1, =60 GeV, ! gy = 0.5 CeV me
!CZ5OG6V,!BH%OG6V
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® follows QW expectation dpr~+/pr! Low pT
sensitive to sub-leading resolved sujets! L =2-3 fm2
® sensitivity to regularization prescription q = 6-2.5 GeV*/fm

® baseline - consistency

K. Tywoniuk (UB)
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Application to dijet asymmetry

Average broadening (x~1, 8<0.): @ @

1.2
@jet d2k; BH regularlzatlon RS
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® |ittle energy is recovered up to large 2 07 lwpy = 0.5 GeV NN
.= . =2 CeV NN
cone angles, R~0.8 oS el ¢ e P
® striking effect due to multiple 05 | B — 100 GeV -
branching + broadening o | | |
. . ) ) . 0 50 100 150 200
® sensitive to regularization prescription We
_Hei ime)!
(Bethe-Heitler regime)! Full-fledged evolution for double-differential
distribution, see talk by Y. Mehtar-Tan
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Application to dijet asymmetry

Average broadening (x~1, 8<0.): @ @
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distribution, see talk by Y. Mehtar-Tan
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Intra-jet modification

Putting it all together:

Vacuum limiting spectrum
Medium-modified shower

wo/ AAO

I WBH — 0.5 GeV
we = 70 GeV
Qs = 2 GeV

7
6
T Amed ~ (0.5
4
3
2

O B T T T T T
5 CMS Preliminary, 0-10% e
2 i Qo = 0.270 GeV % 1
Q = 30.00 GeV e
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Intra-jet modification

L ] 7
PUtt|ng it all together- Vacuum limiting spectrum
: : : 6 Medium-modified shower
® MLLA distribution for pp vacuum . wo/ AAO
, _ —_ Amed ~ 0.5
® medium-induced energy loss & 4} =05 Gev
broadening depletes energy inside Z 3 - I
the cone 2 L
® responsible for dip in the ratio e
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Intra-jet modification

Putting it all together:
® MLLA distribution for pp vacuum

® medium-induced energy loss &
broadening depletes energy inside
the cone

® responsible for dip in the ratio

® small angle radiation due to AAO/
decoherence: novel ingredient

K. Tywoniuk (UB)
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Intra-jet modification

Putting it all together:
® MLLA distribution for pp vacuum

® medium-induced energy loss &
broadening depletes energy inside
the cone

® responsible for dip in the ratio

® small angle radiation due to AAO/
decoherence: novel ingredient

® soft gluons, produced with large
formation time :: not affected by
broadening

® responsible for enhancement at
low | = shift of humpbacked

plateau!

K. Tywoniuk (UB)

Vacuum limiting spectrum
Medium-modified shower

wo/ AAO
Amed ~ (0.5 /
- WBH — 0.5 GeV
w. = 70 GeV

Qs =2 GeV

AN /dl

| CMS Fl’reliminar}lf, 0-10% @

2 Qo = 0.270 GeV % .
Q = 30.00 GeV L
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Summary

® jet quenching is a powerful tool to access properties of the
hot and dense QGP in AA
® resolved sub-jets are a consequence of color transparency

(PQCD)
® gives rise to simple & intuitive picture for jet modifications
at high pt
® separation of processes: medium cascade (large angles) &
partial decoherence (small angles)
® consistent description of three compelling observables

® many improvements in the pipeline: other observables,
fluctuations

. Tywoniuk (UB)
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Resolved effective charges
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Casalderrrey-Solana, Mehtar-Tani, Salgado, KT 1210.7765 :: probability of only finding one leading subjet in

the presence of a fragment with mom frac z
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Resolved effective charges
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Resolved effective charges
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Resolved effective charges
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Only decoherence

7
Vacuum limiting spectrum
6 - + decoherence y
5+ _
% 4 ~ WBH = 0.5 GeV T
E we = 70 GeV
= 3 0, = 2 GeV -
2 _
1 _
O | | | I I
05 CMS Preliminary, 0-10% e
2+ Qo = 0.270 GeV } .
o
e Q = 30.00 GeV L
S 15 L ° .
e
o
[ o ° ° o
0.5 F _
0 1 2 3 4 5
[

K. Tywoniuk (UB) bt g,«




dI'/dk

FiNnite-size effects

0.04 :
Full — — : : : :
=1 ® including finite-size
003 ||aMY T 7 | . ‘ .
gl effects in the ‘harmonic
P oscillator’ approximation
002 oo o
Z ® could be improved by
001+ /¢ - including the full rate or
Caron-Huot, Gale 1006.2379 interpolate between
0 I ' ' : ' N=I and HO
0 05 1 15 2 25 3
T [fm]
d]ind g quffL2
2 = —2P,.(2) In |cos(]1 + 2 ind
dz 2 39(2) ( ) 2(1—z)pt dl
~ @zdL
i} . 4 >
kg = \/z(l — 2)pg ot Qeff = Q{(l = 2. ~ ZCR}
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Regularization

2 .
tbr ~ Amfp = WBH = )\mfp q

d?>P - 1 F(z,2;7)

— _ ~ M3 Am
dzdr ~ 2 /z " A
Te = We/Dg T = a2, kJ— ~ kbl‘ < W
= sinho(z,x;7) —sino(z,x;7) W< ~1/3
Fl2,2:7) = Py (2)K() cosha(z T; 7') + coso(z,x;T) 1

Amtp > 1/mp = WBH > q1/3
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Regularization

2
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