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QCD phase diagram

Hadronic




QCD phase diagram

» Transverse mass:

mr = \/p% + m?

» Thermal transverse spectrum:

27 ppoTdy 27 dedey

» Blue-shifted temperature:

» (vr) : average velocity of transverse expansion



QCD phase diagram

N
o

=
o

-
o

0.5

aNiGy[o5I_ 1

0.2

i [+ m (GeV)

— .
— ]
[ * 1" BES (STAR) & ]
F 1L -
o i ]
= S * =
- #7 ;
- 8 o 1 =
E gef # 1t BES (STAR) 1
ES M| .
-+ ———++HH —3
- STAR Preliminary ]
L 5
N oo o & ]
S L T ]
| OS:' —
_8C' u
=l | LT
34 100 200

20
\/Snn (GeV)



QCD phase diagram
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QCD phase diagram
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QCD phase diagram
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Stages of nuclear collisions

freeze out
hadronsin eg.
}é hydrodynamics
gluons & quarksin eg.
gluons & quarks out of eq. —s kinetic theory

strong fields—s classical EOMs
Z (beam axis)




Glauber geometry
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a) Side View

b) Beam-line View



Glauber geometry

> VICXO,EI,Ha;I BENNYNHA - MJIOTHOCTb BEPOATHOCTIN (Ha eanHnuy
MNAOWAAN) TOro, HTO 3a4aHHbIN HYKJIOH HaXOQUTCS B
paccmaTpuBaemoii Tpybke:

ta(s) = /dZAPA(5>ZA)

» [1N10THOCTbL BEPOSITHOCTU TOrO, YTO 334aHHblE HYKJOHbI B
anpax A n B HaxogsTcs B HYXHbIX Tpybkax

ta(s) - tg(s — b)dzs

> PyHkuus nepekpoiTus (thickness function)

tag(b) = / s t4(s) - ta(s — b)



Glauber geometry

» BeposTHoCTb napHoro B3anmogelicTeusi

p(1,b) = tag(b) oV

» BeposaTHoCTb n B3aumMogeiicTeuii

n AB—n
p(n,b) = Cr¥ [tan(b) o] " [1 = tap(b) o



Glauber geometry

» [lonHasi BEpPOSATHOCTb B3aUMOAENCTBIS

d2o A+B AB
d2b anb ) =1—[1 — tag(b) o'N]"B

» Heynpyroe ceveHue appo-sapo

UIAI\1+B /dz {1 —[1 - tag(b) o NN AB}

» Heynpyroe cedeHue npoToH-s4pO

011n+B /dzs{l—[l—t (s) oM A}



Glauber geometry

» Yucno napHbix coyaapeHuii

AB
Neon(b) = Y np(n,b) = ABtag(b)oy"
n=1
» Yucno B3aVIMOp,eﬁCTByIOLlJ,I/IX HYKJIOHOB

Npart = A/d2s ta(s) {1 - [1 —tg(s — b)o‘iI:_IlN] } +

B/d2s ta(s — b) {1 - [1 - tA(s)a{;{N]}



Glauber geometry
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Glauber geometry

Classification in centrality
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Particle multiplicity
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Particle multiplicity
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Particle spectra
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Jet quenching
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Dijet imbalance
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Fragmentation functions
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Fragmentation functions
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Elliptic flow

Spectators

Definition of the reaction plane



Elliptic flow

Spatial asymmetry of the reaction zone

>
(y? =)
Es,part = 5 Dy
(y?+x2)
g 1 dN
2 2 2.2 P
_ — [ dxd _
(y? = x%) Np/ ey (v" =) gy
Momentum asymmetry: elliptic flow
>
Vo = <PX py>
Px + Py
>
1 dN 1 dN
pt dydprdd 2mpT dydpt

2vy(p1) cos2(¢ — Vrp) +

)



Elliptic flow

Hydrodynamic origin of the elliptic flow: anisotropic pressure
converts spatial anisotropy is into momentum one



Elliptic flow
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Elliptic flow
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Elliptic flow
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Elliptic flow
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Initial conditions
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Initial transverse energy density for AuAu collisions at
Vs =200 GeV



Initial conditions

Hot Spots and Turbulent Minijet Initial Conditions t=0.5 fm/c
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Manbii B3pbIB: nepes coyaapeHnem
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Manbili B3pbIB: CTagun CoyAapeHus

freeze out

hadronsin g,
}—> hydrodynamics
gluons & quarksin eg.

gluons & quarks out of eq. —s kinetic theory

strong fields—s classical EOMs
Z (beam axis)




Crenenn ceobogpbl

~~~~~ fields «~— sources —
_——
/\g p*

» XapaKTepHble BPEMEHa 3BOOLUN A5 MAPTOHHBLIX MOJ,

2kt 2Pt
= X

1
AxT o~ = T
— 2 2
k k1 k7
> CraTnueckne Mogbl (MCTOHHMKN):
xn~1
> DaykTyaymoHHble Mogbl (nons):

xk1

®Pusnka KX npn BbicOKUx sHeprusx - onsmka noneii ¢ x < 1



Anpo po coymaperus: nons

Monsi A7, n cTouHMK Jj CBS3aHbI ypaBHEHMSIMN
[Dy, F**1=J" & J'=5"Fpr(x,x7)
Pewenune knaccnyecknx ypasHeHuii:
At =0, A =0
Al = ;U(XL,X)aiUT(XJ_,X)

roe

Uxy,x7) = Pexp{ig/x dya(XL,X)}

oo

a(x,x7) = —p(xL,x7)/VL



Aapo oo coymapeHus: nocTpoeHue HabAOAaEMbIX BEJVNHUH

> 3apsgosasi MIOTHOCTb p(X 1, X~ ) - CiyvaiiHasi BeIMYMHA.
MocobbiTniiHoe ycpegHerne no p(xy, x~ ) onpeaensiercs
HekoTopbIM yHkumoHanom Wi+ [p]

» [Ina npocTeiiwero ciyyas rayccoBoro aHcambns
(P7(x1,x7 )Py y 7)) = 82HaAd™0% (x L —y1)d(x™ =y 7))

» CrpykTypHas yHKLUS

B = o A DAk D
(AL(0)AL(x)) ~ 1 (1 - exp [-3 Q2 In(x2 1i2)])

» Q2 - macwTab HacbileHus,

GV = G, GG~ A



Anpo no coymapeHusi: KBaHTOBasi 3BONHOLMS

Y =In 1/x

Saturation
InQ%(Y)=AY

Dilute system

In A2 InQ?



Anpo no coymapeHusi: KBaHTOBasi 3BONHOLMS

,,,,,,,,,,,, fields «~— sources —

A A p*
oT, T

nn s

;k+

» CTpykTypHas dyHKLMS, Kiaccuyeckoe npubnvxermne
< AA>= | [dn] Wa- (6] Aa () Aa (o)
» [lponsBosibHas Habatogaemasi, Kaaccuyeckoe npubnvxeHue
)y = / [da]Ofa] Wy [o]

» Keantosas ssontouus: ypasHernue JIMWLK

IHOlal)y 1 5 N .
oy 2 /XL,yL 503, (x )XXJ_»YJ_[ ] (y )O[ Dy



Anpo no coymapeHusi: KBaHTOBasi 3BONHOLMS

» VpasHenue JIMWLK ramunnbToHOBO

Ola])y
oY

» SAnpo ypasHeHus JIMWLK

= (HymwrkOla]) y

B d?z; (xp —zy)(yL —z1)
XXLYL [o] = / 43 (xL —z1)%(yL —z1)?

(0 (- v

» Henunelinasi 3aBUCMMOCTb OT UCTOYHNKOB

UT(x,x7) = Pexp {ig/ dyaa(xL,x)T""}

—00

» B npegene manbix o JIMWLK nepexogut 8 BFKL



CoynapeHune safep: KNacCUYeCKOe peLleHune

Dy, F™] = J¥
=5 pr(xu, x7) + M pa(x i, x7)

VlLlJ'eM pPELWEHNnE BO BCEX NOPAAKAX NO UCTOYHUKAM P12



BycT-uHBapuaHTHOE Knaccuyeckoe peLleHue

» KoopguHaTbl 7,7

X0+ x3 = rel, X0 —x3=re"

> [lns 0QHOrO MCTOYHMKA MCMOJL30BaNNCh Kanubposkun AT =0

» [lna 3agayv ¢ ABYMS UCTOYHMKAaMMN YAoOBHO MCMoNb30BaTh
kanubposky AT =0
A, =A"=“(xTA” +x~AT)

> ByCT—I/IHBapVIaHTHOG peweHne He 3aBUCUT OT 6bICTpOTbI n



BycT-uHBapuaHTHOE Knaccuyeckoe peLleHue

> Vwem pewenne (He 3aBucawee ot 1 |) B Buge:
A= BNVl + 00X YAy + 000 )AL
n o _ + —\ A"
AT = 0(xT)0(x )A(3)
» VYcnosue cornacosanus npu 7 = 0:

A)lr=0 = Ay +Ap)

Alplo = 2 Al Al



HenocpeacTBeHHO nocne coyfapeHusi reHepupyoTCst MPOLOJIbHbIE
9N1eKTPNYECKNE N MarHUTHbIE NOAS - T1a3Ma :

(NSl | TV
D >N L
2N - L.
N A :
LN o T | A A
= e

E? — ig [A(l), Aéz)}

B* = g Ay Ay



BpeMeHHaﬂ SBONIOUMNA NMPOAOJBbHBIX U NONEPEYHHbIX none:
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HavanbHble YCNOoBUA: TAPOANHAMMUKA

> VpaBHeva OBUNXXEHNA

» VpaBHEHME COCTOSHUS
p = f(e)
» HayvanbHble ycnoBms 3aAatoTcst NpyY HEKOTOPOM T = Ty
T“V(T = T0,7, XJ_)

» Obuwas cTpyktypa THY:

wlm

TH =

wla
wlm



HavanbHble YCNIOBUA: KOHOAEHCAT UBETHOINO CTEKa

Ans koncburypauumn E7 = ABJ

<le(7_ = 0+?777XJ-)> =
—€

O4yeHb He MOXOXKe Ha TMAPOAMHAMUKY, HO OYEHb MOXOXKE Ha
ctpyHHble mogenn B KX[ (otpuuatenshoe p, !)

rnasMeHHble Tpybkm CTPYHbI
OTpULATeNbHOE P, HaTs>KeHne CTPYHbI
rNa3MeHHble HEYCTONYNBOCTM pa3pbiB CTPYHbI

MexaHun3zm I/I3OTpOI'II/I33LI,I/II/I?



HavanbHble YCNIOBUA: KOHOAEHCAT UBETHOINO CTEKa

le TR3 Q2
——|n=0=cn
dn ! Os
>
dE| TR Q%
——|p=0 = cE
dn

S

dN
HERA = Q2 ~1.2GeV = d—n\nzo ~ 1100



[ nasMeHHas HeyCTOWYMBOCTb

» PaccmoTpum BO3MyLLeHNs, 3aBUCALLME OT BLICTPOTHI 7):
Ei(07 m, XJ_) = 5EI(777 XJ_) 5
En(ov mn, XL) = Ig [alla aIZ] =+ 5ET](777 X, ) y

» MakcnmanbHas dypbe-KOMMNOHEHTA CPEAHErO NMPOA4OJILHOMO
pasnenus Py = 72T

00001 —— r

1605 — e, Expl0.426 Sqnig’ p 7))

— v, ExpO.00544 £ p 7
1006 B Ll
oot
kol

" 1e08

I
00 W00 00 200 2300 00 3500

» OTKNOHEHUSI OT BYCT-MHBAPWAHTHOCTUN FEHEPUPYIOT
9KCMOHEHLMANbHO PacTyLUMe NOMnepeyHble Nons

|EL|,|BL| ~ eV @7



HavanbHble YCNIOBUA: KBAHTOBAaA 3BOJIFOLINA. CDaKTole3a|_|||/|$|

» B Benyuiem nopsinke
L1
Tﬁt 4g,u1/ FAo F)\a ’_—u)\ '_—)1\/

[Fus )=, lim A(t,x) =0

—00

» KBaHTOBbIE nonpaesKu

v Ao Ny v
ST o = {m </\3> Hi+In <A2> Hz} T
1 1

» KeaHTOBbIE NonpaBkKnN MOXXHO OTHECTWU K 3BONHOUNN MaTpPULLbl
NAOTHOCTHN

(Tho +9Tro) = (TLon

» Hosoe yCpeaHEHNE NAET C ManI/ILI,EI7| NJAOTHOCTN

A:I:
W/\li = [1 + In </\1 > H1 2:| Ai



HavanbHble YCNIOBUA: KBAHTOBAaA 3BOJIFOLINA. CDaKTole3a|_|||/|$|

,O o

» Obwias CTpyKTypa KBaHTOBbIX MOMPaBOK

(00 = |3 [ PudvGu iy + [ Pus (] o

- NpoOn3BoAHasA N MO Ha4YasibHOW KOHUrypaumnm!
» Ty -np AHas J1 ypauum!

00 = [ ali)-Tur'(



[1prMep: OLHOWMHKIIIO3MBHOE CeYeHne

» Obwas dopmyna

an/ *p1---d°p, \(p p1---pa|0)]7.

» [pesecHoe npnbauxeHne

dN, .

Pp —/d3xd3y e (x=y) (. -)[.A“(t, x)A(t, y)]

t—oo
» KBaHTOBble NonpasKu

dN

NLO

ZNLO . im / P (x=y) (...
d3p t—o0 X,y ( )

)

(G4 () + B () AZ(8,) + A (6,%) B2 (8 )|



[na3mMeHHble HeCTabUIbHOCTI: PeCyMMUpPOBaHe

» PecymmupoBanune

1
(O)res = exp 2/£d3ud3vgw,(u,v)?1‘ﬁ']l“’j +/):d3u6#(u)l’ﬁ] (O)Lo

» [lonesHoe ToXAECTBO

1
e | [L o). (00 60] = Olgo +
L >
> Tem CaMbIM, NPeNNOXKEHHOE PECYMMUNPOBAHNE SKBUBAJIEHTHO
YCPEAHEHMIO NO rayccoBbiM hIYKTyaLMAM HadYasbHON NONEBOl

KoHMrypauum

Ores = €XP [2/d3ud3vg(u v)T,T, +/d3U5(U)TU} OLo[¢o]

/Da exp [ /d3ud3voz( )Q_l(u,v)a(v)} O [¢po + a+ F]



Particle production at strong coupling: e"e™ annihilation

» Left: particle production in the weak coupling regime.

» Right: particle production in the strong coupling regime.



Shock wave collision in the bulk: trapped surface

xb2 vz
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Here C is a two-sphere



Shock wave collision in the bulk: scattering of shock waves

» Line element for head-on collision of gravitational shock waves:

L2
ds? = — [—dudv + (dx')? + (dx*)? + dz?]

L
+ Zd)(x1 x?,z) [0(u)du? + 6(v)dv?]
where u=t—x3and v=1t+x3

» Simplest case: particle as a boosted black hole:

O(xt 2, 7) = 2GsE |1+8q(1+q) —4+/q(1+ q)(1 +2q)
o L Va(l+q)
1P+ (3P + (z— L)

4z

q =

where E is a total shock wave energy.



Shock wave collision in the bulk: entropy production

L3

1/3
S > Sirapped = T <> (2EL)?/3
Gs



Shock wave collision in the bulk: entropy production
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Jet propagation in nuclear matter

» Modifications of Altarelli-Parisi cascading due to
decoherence and resulting pattern of energy loss.

» Cherenkov gluon single and double decays

P> AL, V. Nechitailo, Eur.Phys.J. C71 (2011) 1537; Nucl.Phys. A855 (2011) 380
> M. Alfimov, A.L., arXiv:1011.0340; arXiv:1106.5231



In-medium QCD cascade




In-medium QCD cascade: models

e Two types of QCD cascades:

e Cascade driven by degradation of virtuality (DGLAP)
o Cascade driven by medium-induced particle production
(similar
to electromagnetic showers in matter)

e Rigorous description combining both effects is currently not
available.
Medium effects are taken into account by phenomenological
"deformations"of one of the two basic alternatives

e Most studies "deform"the DGLAP evolution.
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Main ingredients of the model

Setup same as in JEWEL.

Timelike mass-ordered QCD cascade with initial energy Eg and
virtuality QF stopping at final virtuality Q2/4 .

Angular ordering switched off for vertices generated inside the
medium.

Effect of nonradiative energy losses taken into account both for
intercascade and final gluons.

Medium-induced radiative losses not taken into account.



Mass-ordered QCD cascade

e Sequence of decays g — g1 + o
o Lifetime of the parton 7 = E (& - Q%)
par

o Exact restrictions on z = E; /E from kinematics

7 (E, Q% @7, Q3) <z<2z(E,Q @7, Q)

1 _ 2 2 2
2:(E.Q° Q. &) = 5 (1+ o i\/(l_;> ( _qQ+2> <1—Z{2)>

g: =V £ V&

e Angular ordering 64 < 03 but 0, £ 64




Mass-ordered QCD cascade

o Simplified restrictions on z = E; /E from kinematics used in
computing the Sudakov formfactor

7z (E, Q% @) < z<z(E, Q| Q)

z:(E, Q7| @f) = 2 (E Q? Qh Q”)‘;<1i\/(1_g>< _g§)>

e The main quantity determining the structure of the cascade is the
Sudakov formfactor

Qliar dt2 /Z+(E7 tQ‘ Qizy)

S(Q%EIQ2,; QF) =exp [ /Q2 - dz

z_(E, 2| Q?)

oD (L o))

o S(@7 E|Q2..; Q?) is the probability of having no decays in between

the parent scale Q2. and a candidate scale Q? .

par



Numerical procedure

One draws the scale Q? at which the gluon under consideration
branches into two new gluons. Let us note that at this step one fixes
the lifetime of the gluon 7 = E(1/Q* —1/Q3,,).

One draws the value of the splitting variable z determining the
energies of the offspring gluons E; = zE and z, = (1 — z)E.

With the energies of the offspring gluons fixed, one draws their final
invariant masses Q1272 and, therefore, fix their lifetimes

T2 = E(172) (1/0(2172) — 1/02)
The values of @7, are accepted if they do not violate the condition
2 (E, Q% QF, @) <z < 2(E, Q% Qf, @)

If necessary, one ensures angular ordering by drawing the splitting
variables for the decays of the offspring gluons z; , and accepting

them if ,
1—-z (@
212(1 = 212) > —— (522)



Decoherence

e Angular ordering follows from quantum coherence based on
covariant
conservation of color

e In the hot zone the cascade develops in random color field, so
that

the color is no longer conserved and coherence and,
consequently,

angular ordering is expected to be broken

e In QGP the time scale for color rotation t. is much faster than
that of
the momentum change t,

ty ~ [4a§T|n(1/O¢5)]_1
te ~ [3asTIn(meg/my)] ™,

A.V. Selikhov, M. Gyulassy, Phys. Rev. C49 (1994), 1726



Changes in the branching pattern

v
PAD L=05
PAOL=5

Probability
s

Distribution in the energy splitting variable z

Global angular ordering, red, solid
Partial angular ordering, green, dashed
L =5 fm, partial angular ordering, blue, dotted.

= Enhanced production of soft particles



Rapidity distribution P(y) of final prehadrons

Probability

.
0 1 2 3 a 5 6
log(Ejet/E)

e L =0 fm, full angular ordering, red, solid
e L =0.5 fm, partial angular ordering, green, dashed
e L =5 fm, partial angular ordering, blue, dotted.

— Substantial softening of rapidity distribution already at
times < 1 fm



o Soft particles form first (inside-outside cascade)

Y

e Decoherence due to random impact from the medium
disrupts angular ordering

Y

e One gets more soft particles at larger angles within the
hot zone



COLLISIONAL LOSSES

Probability distribution for collisional energy losses AE, of
intercascade gluons per unit length (1 fm):

P(AE.| pie,00) = %{1—erf(aic/§)} S(AE,)

1 {_ (AE: — pic)?

\/2mo2 202

In our computations we used p. = o, =1 GeV .

+ }@(AEC)

o Energy losses of final prehadrons AE. =1 GeV/fm .

e Particle considered stopped if its energy reaches a critical
value of E.is = Qp/2 .



Relative yield of prehadrons formed inside the medium

60 T T T T T T T
global AO
partial AO
partial AO+ionization losses -~ L
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medium size, fm

o Global angular ordering, red, solid
o Partial angular ordering, green, dashed
e Partial angular ordering and collisional losses, blue, dotted.

— Prehadron formation inside the fireball enhanced



o All existing models assume hadronization taking place in
the vacuum

U

o We see, that a significant yield of prehadrons is formed
inside the hot zone

Y

o Clear necessity to modify description of hadronization of
QCD jets in the medium



50 |-

40 |-

30

Particles, stoped in medium, %

Relative yield of particles stopped inside the medium
60 T T T T T T r r
parton losses —+—
parton and hadron losses -~
20 | ; L — |
10 / il
0 L L . L L . L )
05 1 15 2 25 3 35 4 45 5

medium size, fm

Parton losses, red, solid
Parton and hadron losses, green, dashed

= The effect is especially important for final prehadrons

formed inside the fireball



Mean jet multiplicity as a function of medium size
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medium size, fm

o No losses, red, solid
o Intracascade parton losses, green, dashed
o Intracascade and final state losses, blue, dotted.



Mean jet energy as a function of medium size
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o No losses, red, solid
e Intracascade parton losses, green, dashed
o Intracascade and final state losses, blue, dotted.



Rapidity distribution P(y) of final prehadrons with collisional losses

0.35 T T T T
na josses
parion losses.
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e L =0 fm, full angular ordering, red, solid
L = 0.5 fm, partial angular ordering, green, dashed
L =5 fm, partial angular ordering, blue, dotted.

= Substantial hardening of rapidity distribution due to
collisional losses



EXPERIMENTAL RESULTS ON JET STRUCTURE AT LHC
B. Wyslouch, talk at QM2011
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Fragmentation functions

» Updated jet algorithm: Particle Flow, Anti-k; R=0.3
» Charged tracks, p;™" >4 GeVi/c, jets with pje‘ =40-300 GeV/c

P

PbPb, 30 - 100% PbPb 0-30%
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— Fragmentation function similar between PbPb and pp

- Jets fragment in the vacuum

Y. Yilmaz (Fri), C. Roland (Wed), M. Nguyen (Fri)



Conclusions

e Effects of medium-induced disruption of angular ordering of the
mass-ordered gluon cascade and non-radiative energy loss inside
the
hot fireball studied within the Monte Carlo model

e Crucial role of the inside-outside nature of the cascade

e Results in qualitative agreement with LHC data



Cherenkov radiation of gluons

» Interaction of usual gluons with Cherenkov ones is considered
» Cherenkov gluons are those with |q| = \/ew, where ¢ > 1
» Simple model for permittivity:

eP(w,k) — §Pe(w)
ew) = e>1, w<uwy

e(w) = 1, w>uwp

Values of parameters: ¢ =~ 5 and wy = 3 GeV
(I.M. Dremin et al., Nucl.Phys A826 (2009), 190)

STAR

(1IN, JoN(a)




Cherenkov radiation of quark currents

q(p) — q(qg — p) + &(q)

|
|
-
p p—q ' p—q p

Cherenkov angle:

cos@—i l—l—e_lf
NG 2 E

Transverse broadening:

P, | = 5—11 w 5—1(w)21/2
Pui=@y E~ 4 \E

w/E—0




Cherenkov radiation of quark currents

q(p) — q(q —p) +&(q)

decay rate:

(Nf—l) 1 w  e+1w?
fyqﬁqé(w’E):asT l—g 1_E+T?



Cherenkov radiation of quark currents

q(p) — q(qg — p) + &(q)

Energy spectrum:

Pqﬁqé(w‘E) =w ’Yq—wlé(w‘E)



Cherenkov radiation of quark currents

dE/dl, GeV/fm 3
2

1

o
o 3 6 B 12 15

E, GeVv

» 1) : angular pattern of energy flow of the quark
Cherenkov decay, € =5, wg = 3 GeV.

» || : Cherenkov energy loss, ¢ =5, wg = 3 GeV.



Cherenkov radiation of gluon currents

g(p) — g(q—p)+&(q)

decay rate:

1 w e—1uw?
_os(wlE) = SN-(1—— 1-—-————
Pyg gg(w’ ) « < E) < E 4 E2>

1 e+1 € w?
1+- e+ + =
2( 1-% (1_w)2>E2

X




Cherenkov radiation of gluon currents

o3

025
0z
P(8.)/E2 0.15

01

dE/dI, GeV/fm

» 1 : angular pattern of energy flow of the gluon
Cherenkov decay, ¢ =5, wg = 3 GeV.

» |} : Cherenkov energy loss, ¢ =5, wg = 3 GeV.



Double Cherenkov decay of gluon currents

g(p) — &(q—p) +&(q)

Cherenkov angle:
e—1E
0 = — —
cos ve 2\ w

Restriction of the energy of the Cherenkov gluon:
1 1 w 1 1

2 2 ES2tas




Double Cherenkov decay of gluon currents

g(p) — &(q—p) + &(q)

decay rate:
asN e—1E\?
Te—gz(WE) = SQC 1_<\@_2\/§w)
-
x |1 — 1
TRt Aot 2 1-2



Double Cherenkov decay of gluon currents

E, GeV

» 1 : angular pattern of energy flow of the gluon
Cherenkov decay, ¢ =5, wg = 3 GeV.

» |l : Gluon lifetime, e =5, wy = 3 GeV.



Generic pattern of Cherenkov energy loss

» For quark currents the only available decay channel is the
single Cherenkov decay. The corresponding energy loss is
non-negligible but subleading with respect to that of the gluon
current.

» For incident gluons with energy in the interval 0 < E < 2wy
the leading contribution to the energy loss comes from the
double Cherenkov decay. The corresponding pattern of angular
correlations corresponds to two peaks around the direction of
propagation of the decaying gluon. There also exists a small
contribution due to single Cherenkov decay.

> At the threshold energy E = 2wy there takes place a regime
switch between the predominant double Cherenkov decay at
E < 2wy to the single Cherenkov decay of quark and gluon
currents at E > 2wy where one expects the possible
appearance of the third hump corresponding to the incident
particle. At the threshold E = 2wq the there takes place the
following change in the Cherenkov angle:



Experimental data on two-particle azimuthal correlations

M.M. Aggarwal et al. (STAR) Phys. Rev. C82 (2010), 024912
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Color rainbow

Generalized linearized EOM for in-medium QCD
O2Ab

b .

AAQ - €a S A Et-2 —_ _J 9

Eab(Aq)b _ Ebciz

o) =

Diagonalization of €2:

e — &= UeU™?!

Eigenvalues:
D = ¢ = 42
Two Cherenkov angles:
1 1
cosf* = ——————  cosf™ =

v/ eld + 2¢(0)’ v/ e(d) — ¢(0)



All this looked nice, but

» Experimental data very well described by azimuthal
asymmetries

ALICE Collaboration arXiv:1105.3865
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» No evidence for Cherenkov glue from lattice

F. Karsch et al., DESY 02-109
P.Petresczku, Nucl. Phys. (Proc. Suppl.) 106 (2002), 513
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