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Medium of finite size

Collinear Factorization
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Medium of finite size Shockwave

Collinear Factorization kr factorization

Hybrid formalism
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Medium of finite size Shockwave

Collinear Factorization kr factorization

Hybrid formalism

krFactorization???

Something else???

. :
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Angular ordering in a DIS-like process

Playground to understand the properties of
coherence in vacuum

= 0 = Singlet
Qa #+ 0 = Octet
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Angular ordering in a DIS-like process

Playground to understand the properties of
coherence in vacuum

= 0 = Swinglet dN a, Cp ,
Q # 0 = Octit wﬁ - (27)2 w? [QgRb + QR +2Q - ch]
s CF

- (Q2(Ry—T)+ Q2(Re — T) + Q2T
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Angular ordering in a DIS-like process

Playground to understand the properties of
coherence in vacuum

= 0 = Singlet " dN _
Qa #£ 0 = Octet d3k
87 CF
= (2;) 2 [QE(Ry = ) + Q2R — J) + Q2T
Coherent radiation
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Angular ordering in a DIS-like process

Playground to understand the properties of
coherence in vacuum

sy CER " G GR T QR 120 QuT
a = Octe
g CF
— (27T)2w2 [Qg(Rb — j) + QE(RC o j) + Q?Lj]
Coherent radiation Total
charge
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Angular ordering in a DIS-like process

Playground to understand the properties of
coherence in vacuum

- O = S mn l@t dN @ “ ' e e e
Q # 0 = Octfi]t wﬁ - (27)2 w? [QbRb + QR +2Q - ch]
s CF
- (27)2 w? Qi(Re—T)+Q2(Re—J) + Q2T
\ Coherent radiation Total
charge

Coherent spectrum
o, Cr dw db;

T wé’i

(dN;)y = @(qu — 92-)
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Angular ordering in a DIS-like process

Playground to understand the properties of
coherence in vacuum

= 0 = Singlet dN “ Y —
Q # 0 = Octit wﬁ - (27)2 w? [QbRb + QR +2Q - ch]
s CF
- (27)2 w? Qi(Re—T)+Q2(Re—J) + Q2T
\ Coherent radiation Total
charge

Coherent spectrum

(dN;)g =

Collinear and soft divergence U
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Angular ordering: experimental evidence

1 | 1

10E E

= eV

dN
dg

incoherent . _

Sizable differences
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Angular ordering: experimental evidence

! J I ! ' I I 1 l/-\
— MLLA, E_smn® =455 Ged
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- £ = eV ] e MLLA,E sin@® =7 GeV
d.—N : incghgmnt : | | FASSO, vy = 14 GeV al
d§ i
1 - v .
el
. hard «————— §oft
! TASSO Collaboration, Z. Phys. C 47 (|
O 6 OPAL Collaboration, Phys. Lett. B 247 (1890) 617
g=In (1/x)
Sizable differences Suppression of soft gluons
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Medium modifications to the initial and final
state interference pattern

Dilute regime: M. Martinez et. al, Phys. Lett. B 717 (2012) 280-286
Dense regime: Soon to be published = 7, 24/s Za/#!!/

T

.%gq ’\Qqq N04q S

D
k \QD\QQ, ‘QQQ
p k p K

>

GOALS 4
', % Study another configuration relevant to HI collisions

§ % Playground to investigate medium modifications to the :
{Initial State Radiation ]
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Classical Yang-Mills Eqs. |
Evolution of the gauge field: |D,,, F*"| = J"

Color charge conservation:  |D,,J"| =0
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Classical Yang-Mills Eqs. |
Evolution of the gauge field: |D,,, F*"| = J"
Color charge conservation:  |D,,J"| =0

Linearizing around a background field: A" = A” 4+ o*

a’' — 2iq [.Amed,&’ a ] — T — 8i(g—j) LC gauge
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Classical Yang-Mills Eqs. |
Evolution of the gauge field: |D,,, F*"| = J"
Color charge conservation:  |D,,J"| =0

Linearizing around a background field: A" = A” 4+ o*

az—Qz'g[.A O0_ a] — 7' — 8"(~7j) LC gauge

med’

Reduction formula: M§ = lim [ d*ze™*0,A%(x)é} (k)

k2—0
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Classical Yang-Mills Eqs. |
Evolution of the gauge field: |D,,, F*"| = J"
Color charge conservation:  |D,,J"| =0

Linearizing around a background field: A" = A” 4+ o*

az—Qig[.A O0_ a] — 7' — 8"(~7_+) LC gauge

med’

Reduction formula: M§ = lim [ d*ze™*0,A%(x)é} (k)

k2—>0

| AN o
@r)2kt 2 = ) IMI(R)F]
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Modeling the medium

Medium is described as a classical background field:

—07 A a(xF, %) = p(z™, %)
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Modeling the medium

Medium is described as a classical background field:

_5)>2c T—rzed(x_i_?X) — p(CIZ_I_,X)

The distribution of color charges is considered to be
a Gaussian white noise:

(A% (2T, @) A (27, q)) = 6%n(z)d(at — 2'1)6P (g — ¢)V?(q)

med med
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Modeling the medium

Medium is described as a classical background field:

) —
_ax med,(x—l_? X) — p(CIj‘_I_,X)
The distribution of color charges is considered to be
a Gaussian white noise:

(Apea(@®, @) Ay (¢, q')) = 6%n(at)s(a™ — 2'*)5P (g — ¢')V*(q)

med med

® ® Aenfp > mp'

V3(q) =

i 2m2(Q + m3)?

Gyulassy-Wang model: Nucl. Phys. B 420, (1994) 583
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Classical Yang-Mills Eqgs. |l

Eikonal parton in a background field:

JH(x), = gv* Z/{“b(:v+, 0) 53(:1? — Ut) 0(t) Qy
- o+ 7 ab

UP(zT,yT) = Pexp |ig /+ dz" A~ (2T, r(zT))

oy
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Classical Yang-Mills Eqgs. |l

Eikonal parton in a background field:

TH(x)e = g U (zT,0) 6% (2 — Ut) 6(t) Qp

- o+ 7 ab

Z/{a,b(x-i-’y-{-) _ PeXp Zg / dz+ A,_ (z+,7”(2’+))
Jy

med
T

00000 00

. 1..'\) O
KOL O S

(O ‘o ~

&
ééé
QO

Soft gluon follows a non-eikonal trajectory

r(zt)=x L+
gab($+ax§y+a}"k+):/ Dr exp 27/
Yy

r(y*t)=y

dz f'Q(Z)) U (T, y™)

U >

T

_|_
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Gluon spectrum

4 | S | R | r~
%Q"w: 9y\ : %9
T — L — L | —
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Gluon spectrum

BDMPS-Z + vacuum
4 | roY | R | ~
Qanst”|\ ]G “’
T — L — L | —
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Gluon spectrum

BDMPS-Z + vacuum
4 | roY i R | ~
s N e s
= ~ L — L | ~

o Ainee N E= p N

Pt broadening
of ISR
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Gluon spectrum

BDMPS-Z + vacuum
4 | roY | R | ~
L\ /5 o
—l,]’ | 1"" —L." ; 1"" —L." | 1""
| S | \ | \
Pt broadening Interferences in the medium: ANeco /!

of ISR
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BDMPS-Z

Lo? T

d

21.7 le k2
Ik Pk -k, L - )sm(—)e 2k

A K2
~Ge
q€

Pk, &) =

Medium induced radiation is a two step
process

¢ Quantum emission + classical broadening
® Scales with the length of the medium U SC
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Pt broadening of ISR

. / 2k P(k' — &k, LT)
(27)? k'

PT broadening of ISR is a two step process:
® Collinear Emission + classical broadening

® (Classical broadening: reshuffle of the
momentum of the gluon emissions

= Typical value of the gluon momenta ~(); = qL U SC
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Interferences
~ 1T

|

e Nim N
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'L" i — 'L" i ~
I I
M l
I
I I
Warning: remember that in the antenna

e 1] < Q;l (Dipole regime) * T > QS_I (Decoh. regime)
T4 > L [ I T4 < L
Q: 21 B (TJ_\'

Interferences

1
Amed = E Qf "'i

l screening
length

Amcd ~ 1
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Interferences
T ' ~ L i —~

w g Nr=agN

Transverse size of the Quark-gluon system

® [f hard scattering is the largest scale:
= Insensitive to the medium

o [f typical medium induced momentum is the
largest scale

= Medium is able to resolve the QG system

UNI®
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Interferences
T ' ~ L i —~

| |

N TN

The Color correlation of the Quark-gluon system is measured by

r(zt)=x

K(zT, :zz;y+.y|k+) — / Dr exp /fD d& (i%i’g(f) — %n(ﬁ)a (r({)))

r(yT)=y yt

® Describes the Brownian motion of the gluon
e Harmonic oscillator approximation: no(r) ~ gr*

® Two extreme limits
=Shockwave case (Deep LPM) 75 > L

= Infinite medium length T <L L
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Interferences: shockwave limit

® Medium acts as a unique scattering center
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Interferences: shockwave limit

® Medium acts as a unique scattering center
® Gluon remains coherent while passing the medium
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Interferences: shockwave limit

® Medium acts as a unique scattering center
® Gluon remains coherent while passing the medium

12 |
D 10
- TR
3 8F .
%S, induced
O = o o
= 6 vacuum |- diation
O Lt
,._3 coherence
s 2F
0 2 1 1 | 1

U
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Interferences: shockwave limit

® Medium acts as a unique scattering center

® Gluon remains coherent while passing the medium
® Suppression of interferences for soft gluons k < Q;
e Ifk > () = Coherence

12 emaac — Qs/w

D 10 |

T |
8 | .

3 induced

= 6 vacum |- diation

© 4l

,._3 coherence ) )

s 2} Geometrical Separation
%0 01 02 03 04 05
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Interferences: shockwave limit

® Medium acts as a unique scattering center

® Gluon remains coherent while passing the medium
® Suppression of interferences for soft gluons k < Q;
e Ifk > () = Coherence

121 emaw — Qs/w

D 10

° |
8 :

3 induced

= Of vecwm | .adiation

O Lt

.73 coherence ] ]

s 2F Geometrical Separation
%0 01 02 03 04 05

Contact with high energy limit: Kovchegov-Mueller result l |
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Interferences: Infinite medium length

® Interferences cancel asymptotically
® Gluon spectrum: BDMPS-Z+vacuum

No interferences / ,

Qs = qL
Medium acts as a breaking vacuum coherence

= Incoherent vacuum emissions at large angles. U S C
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Interferences: Infinite medium length

® Interferences cancel asymptotically
® Gluon spectrum: BDMPS-Z+vacuum

8 | vacuum radiation
PO
-O B
36
O |
Z Al
O No interferences
2 =
I |
O_....I....I....i....l....l....I....I....
O 01 02 03 04 05 06 0.7 A
9 QS T qL
Medium acts as a breaking vacuum coherence
= Incoherent vacuum emissions at large angles. l | ‘
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Conclusions

¢ |nterference between the initial and final state radiation are
indeed affected in the presence of a QCD medium.

e Use this setup for phenomenological consequences....
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1S2013

International Conference on the Initial Stages in High
Energy Nuclear Collisions

September 8-14 2013, llla da Toxa, Galicia, Spain

Abstract submission deadline: July 7th, 2013

http://igfae.usc.es/is2013
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Scatterlng amplltude from CYM Eqgs.

out

T e Outcoming parton

’\eqq p

."\qu . P

LT
— ( . 7 — N
M3 in(k) = —‘J /(12286’2“ L+ ’“’)/O dyTe tkTaTyT

kt
X ex- (i0y + k) Gan (LT .yt y = ay™t k) Use(y T, 0) Q2
a 7 €N K ik ou
MA,out(k) — _21 F;,Q € (k ) (Lb(L+ )Q L .

Incoming parton

bef

Y*
4

0
M pes (k) = Lq+ /+ (lgme)i("‘_‘”—k'w)/ dy+ ek Tyt
=00

— 00

X €) - ('iay + A-.+u)gab(;1 oy y = UJ+|A+) Qm p
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Correlators

Quark-gluon dipole

1
N2 —1 <Q(x+, X, y+7 Y)Z/{T(x—l_? y+)> — K(CE+, X, y_l_, y’k'+)
r(zT)=x [ gt + -
K™z y™, ylk™) = / Dr exp / d§ (7A—r2(5) - ln(f)a (7‘(5)))
r(yT)=y i yT 2 -

Gluon dipole

1
/dXdX/ e X)N2 1<Q(w+,><;y+,)’)9*(w+,y+)>=5(x+,y+,X—Y)
S, yTix —y) =exp _%/"' d¢n(&) o(x —y)
- .l/+ -

Dipole cross section

" d?
o(r) = / : q‘ V(q) [1 — cos(r - q)]

(27)* U
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Leading logs and AO

k2 < 0k? ’k? = Q?

W = — (DGLAP)

AN L R SAR e,
W—— = — = 10 —_— ~ 10
dw > K2 5 Q7 >

@ a1 [(02\]
N L PP D. L. L.
OC/ w2 og( 2)

Q32

O
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(i) Suppression of

Jets in HIC @ LHC

(ii) Soft large angle emissions

hlgh -pt hadrons

' T T ] i T T ] 13 T 1 ] ' ] T
mg Al ICE, charged particles, Pb- Pb f in_cone f out-of.cone
=276 TeV.Inl<08 0-30% Central PbPb
........ P A — A R
::sp., e 0-30% 1 é >0.5 GeVic In-Cone 1 Out-of-Cone -
\i‘_ e 4 B .5 - 1.0 GeV/c T 1
0F det-SJuD" 1 (1,:-;.: GeV/e e i 8 R>0.8 i
+ [ 20-40Gevie ] -
) R o 2. 1
> i e
S o
A | i
'e. i
20+ |
| u :
* réJ_- 020-40% ALICE Preliminary T PN T ATTOTITY TrImt O B R T e LT Fisaebunolendelamis
k? - 0.1 02 03 04 01 02 03 04 0.1 02 03 04
= ©40-80% _ A, ™ |
010 1 1 Ll]b.- [R -2101. Ll 1310- 1L '.4JOL i3 15;(.) balanced _]etS unbalanced p f— Z pT track COS (¢track ¢lead1ng _]et)
pT (GeV/c) o tracks
#0 Leadingjet
ATLAS Coll. PRL 105 (2010) f — - opreference . .
< i\, ® Subleadingjet (iv) Vacuum-like
\/ —2 76 TeV O 10°/o ] r N reference. . .
S ATLAS | %’ “\“\. fr'agmentatlon function
A 2 2 ~ oo
—~ s Pb+Pb g !
S | L =1.7ub™! < =
Z + int= ' -4 UL s :
S O |- ,
: LO
L [
L l
Er — E T '
— - i
A, = Bri—FBra | 10.35<A<0.70
Ery + E72 O 0204 06" 08 S
A E _ ln ( _Jet / Track)
y = NP, /Py

(iii) Significant dijet asymmetry
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First steps: Anten

na in a QCD medium

ri; < Q. (Dipole regime)

Ta > L

e 71 >Q.' (Decoh.regime)

|

Tqg < L

|

1 l l screening
Amed % 75 Aped ~ 1 length
12 B | 2 ,3 ~n2 \—1/3
1 - Amed(ts O) = exp __qoqqt — T4 — (qH —)
o 10 12 q99
° | characteristic
3 8f . decoherence parameter decoherence time
R, induced
%" 6 ' vacuum radiation \ Qh d/w »
4r ar — max(r
-,—3 coherence Qhard ( 1 QS)
5 2
«
s T O - 2 _ 4L — 0L
% 01 02 03 04 05 q9 Qs = qL, r1 =0
9 Meht:

U

M. Martinez (USC)

“Coherence effects on gluon production in a dense QCD medium”

Thursday, June 20, 2013



