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Jet parton showers
INn the medium

Jet quenchingnodelled bymediunzinduced FE’
successive emission of independsoitt gluons
by afast parton

. . d/
=- spectrum ofadiated energper unitlength el

dw d/
Novel features of the approach presented here:

® Primary and secondary parteplittingstreated equally
® Energy-momentum conserved at eaghitting
D& we implement this as aediuminduced modification ci¢®

M odified L eadingL ogarithmicA pproximation
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MLLA : main ingredients

. . . 1 E;
® Resummation of double- and single-logarithm&in- andln AJet
£ eff
#® |Intrajet colour coherence:
» Independent successivéranchingsg—gg, 9—qq, g—qg
i » with angular ordering of the sequential parttecays
at each step in the evolution, the 4
. &‘Q_Q,Q_Q.U
angle between father and offspring S RS
partonsdecreases > s Sy

# |Includes in a systematic way next-to-leading-order corrections
Oy as(7))!

® Hadronization through “Local Parton-Hadron Duality” (LPHD)
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MLLA :
generating functional

Central object : generating functiond)|Q, ©; u(k)]

¥ generates the variowsoss sectioné— ggg, — ggqq...) for ajet
coming from aparton: (= g, q, q) with energy in a cone of angl®

Zi[Q,0;u(k)] = e i@y

Z/ d@'/ 1 owi(@.0)—wi(Qe) %s(kL)
2T

X Pji(2) Z;[2Q, 0'5u] Z[(1 — 2)Q, ;4]
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MLLA :
generating functional

Central object : generating functiond)|Q, ©; u(k)]

¥ generates the variowsoss sectioné— ggg, — ggqq...) for ajet
coming from aparton: (= g, q, q) with energy in a cone of angl®

probability to have
) w; (Q,0 no branchingwith angle< ©
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splitting functioni — jk
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MLLA: limiting spectrum

The parton distribution in get with “energy v = In

IS given by

Aeff\
infrared cutoff

Zi| 15 u(k)]

u=1

“Limiting spectrum’

_ AN,T e+Hioo 4y,

D™ (z, 7, Aer) = ‘ — 27V®(—A+B+1, B+2; -
(.7, Acir) bB(B+1)/€_ioo omi ¥ S(-AFBHL BA2 )

with
AN, a 11 2N 1 2

A= B = - = —N.+—= b= —N.——
b A T 3 ¢ 3
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MLLA: limiting spectrum

dN
din(1/x) Limiting spectrum(for a 100 GeV jex

¥ “Hump-backed platedu
Note: hump dominated by trengular partg:, —) of the P;;(z)
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MLLA: limiting spectrum

dN

dIn(1/x) Limiting spectrum(for a 100 GeV jet _ S

maximum multiplicity for
T

In; = 2(1+a, 87?]8%)

cutoff A.g

hard partons ° ’ *  soft partons

¥ “Hump-backed platedu
Note: hump dominated by trengular partg2, —) of the P;;(z)
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Quark Matter, Budapest, August 5, 2005

MLLA vsS.e

dN

e~ data

din(1/x) e'e” - charged hadrons
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MLLA vs.e

dN
din(1/x) e"e” - charged hadrons
- ® OPAL+Vs=91GeV
% TASSOVs=14 GeV
- —— MLLA K"=1.28
5 —— MLLA K"=1.46

) .
g Aer = 253 MeV
R T S e S

Dh(ZU, T, Aeﬁ’) — Kthim(ZU, T, Aeﬂ‘)
Good description in both RHIC and LHC regimes!
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Influence of themedium:
a possibility

® The hump of theimiting spectrumis mostly due to the singular
parts of thesplitting functions

® |n medium the emission ofoft gluonsby afast partonncreases

¥ One can modeinediuntinduced effects by modifying the parton
splitting functionsP;;(z). ..

(see e.g. Guo & Wang, PRis (2000) 359)

... and especially thesingular parts

% 2<1 + fmed)
3 (1 — Z>_|_

fmea > 0 = Bremsstrahlungncreases

Pyq(z) = — (1+2)
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dN
din(1/x) Limiting spectra for a jet wittEje=15 GeV
7
- ====invacuum

6|

51

[T
w

Influence of themedium on
the parton spectrum

in medium,f_,~=0.8

- e
””””

fmea fixed to reproduce: 1 « BF redistribution ofradiated partons

@ !
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high pr (largex) — low pp (smallx)
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Medium-induced modification
of the associated multiplicity

|deal case: photon jet
= photon giveget energylr

® Counthow manyjet particleshave a momentum larger than some
givencut P& after propagating through theedium

N(PT Z chﬂm)medium

® For ajetinvacuumwith energyEr, the spectrum is known
= one knows (measurementyvacuum MLLA )

N(PT > P%Ut>vacuum

9o Compare/\/(PT > chﬂm)medium with N(PT > Pj(;ut)vacuum

0
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Medium-induced modification
of the associated multiplicity

| N (Pr = Pt
12, N (Pr = PSU)

in medium ’ Ejet=15 GeV

in vacuum

0.8
0.6
0.4
0.2

. P& (GeV)

In the presence of aedium less particles foPr = 1.5 GeV
(particle excess foPr < 1.5 GeV!)
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Medium-induced modification
of the associated multiplicity

[ N (Pr = P&y, .
; (Pt Iut in medium E =15 GeV
1.2 j N(PT = I:)T )in vacuum
1 7 —————————— | .|.' I i T T T T T ]
? - A 080-40% _
08/ x stop 5% -
[ o ]
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I < ;
04 I < |$| | 0
e ~ -0 -
’ : Al o
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“““““ e
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In the presence of aedium less particles foPPr = 1.5 GeV
(particle excess foPr < 1.5 GeV!)

cf. Sstar nucl - ex/ 0501016
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Medium-induced modification
of the associated multiplicity

N (PT = P%-Ut)
N (PT = P—?-Ut)

in medium

in vacuum
Ejet=200 GeV—
Eje=100 GeV—
Ejei=15 GeV —

1.4
1.2}

0.8
0.6
0.4
02
R . P{ (GeV)

Measurement more promising at LHC:

the additionakoftjet multiplicity can more easily be detected above
the event background
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Nuclear modification factor

Raa (P1) Nuclear modification factor in/ syy =200 GeV collisions

A PHENIX Au-Au - 7°, 0-10% centrality
0.8} — MLLA, f_.~0.8,n=7
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Nuclear modification factor

Raa (P1) Nuclear modification factor in/ syy =200 GeV collisions

A PHENIX Au-Au > n°, 0-10% centrality
0.8 — MLLA, f o=0.8,n=7

- —--MLLA, f_.=0.6,n=n(p;)

0.6 -

AR N lH

0.2 |

-
-—
.--—-—.
-_— e e

R a4 (Pr) decreases sindegher Pr = higher() = moresplitting
IZ parton energy lossay depend on)? e.9.fmeq o< 1/Q?
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MLLA parton shower in
medium

MLLA analyticaldescription of the particle distribution withinjet
Formalism generalized to the propagation imadium

® Consistent treatment giarton branchings
# energy-momentum conservation
» all branchingdreated on an equal footing

® Phenomenologicalonsequences
» distortion of thehump-backed plateau

s large Pr rangeaccessible at LHC will tesf)?-dependence of
parton energy los@n progres$

» multiplicity above a trigger cutoff
® First step towards further studies:

» Intra-jet two-particle correlations

» Monte-Carlo:geometry /,,.q(Q?)...
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MLLA parton shower in
medium

Extra slides



Parton showerin medium

® Write theparton-distributiorevolution equation withnodified
splitting functions

- AN 1 e E—I—iood X X X
| Dime,r) = et/ d)/ eV O(— At B41, B42; —u7)
bB(B +1) Jemico 271
AN 1+ fiea) . a 114121100 2N
A= B=- = N..
bv o 3 T 3Nz

#® Hadronization (LPHD) still takes place in vacuud§? unchanged

0
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Hadron spectra

What if thejet energyis unknown. ..

The measuretadron spectruns the convolution of

#® aparton spectrumx 1/(pr)™ (with apr-dependent to account
for experimental biases)

# the “fragmentation function’D” (z, 7)

dN d:z; 1 dx " _ Pr
' _—_Dh D" -t
apr %) 72 ppn ) PT) = / 2 Ppr (:,; r )

which can be computed withidLLA for both ajet in vacuum and a
jet propagating through aedium

= gives thehuclear modificatiofactor 7 4 4

A
w% Quark Matter, Budapest, August 5, 2005 N. BORGHINI, Multiplicity distributions for jet parton showers in the medium — p.17/17



	{
avy Jet parton showers}\ in the orange medium
	{
avy MLLA}: main ingredients
	{
avy MLLA}:\ generating functional
	
avy MLLA: limiting spectrum
	
avy MLLA: limiting spectrum
	{
avy MLLA} vs. $e^+e^-$ data
	Influence of the {orange medium}: \ a possibility
	Influence of the {orange medium} on the parton spectrum
	hbox {orange Medium-induced modification} of the darkgreen associated multiplicity
	hbox {orange Medium-induced modification} of the darkgreen associated multiplicity
	hbox {orange Medium-induced modification} of the darkgreen associated multiplicity
	{orange Nuclear modification} factor
	
avy MLLA parton shower orange in medium
	
avy MLLA parton shower orange in medium
	
avy Parton shower orange in medium
	Hadron spectra

