s there jet-quenching In pPb?
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Central gquestion

® how can soft particles from the background
“interact strongly” (i.e. give rise to strong
flow-effects as described by vi’s) while soft
particles from “jet-like” correlations be
assumed to be unmodified

® can there by “flow” without “quenching’?
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factorization properties
jet scales :: perturbative
angular ordering

MLLA + LPHD (K factor)
good description




QCDjet LA meediuum
L

MJ_ EEHjet

New scales:
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Jet scales tn the medium

e 7 < Qs_l (Dipole regime) ° ;. > Qs_l (Decoh. regime)

O,q Oyg T | . Qs_l
. screening
~ 2.2 \ 4
Amed & 9 Q:r Aeqg ~ 1 length
A ~ 1 _ [_i 2 .2 ]
med "~ CXP 19 s ry T = quL
the decoherence parameter (s: characteristic momentum
scale of the medium
kJ_ < Qhard Mehtar-Tani, Salgado, KT 1009.2965; 1102.4317; 1112.5031; 1205.57397

Casalderrrey-Solana, lancu 1105.1760
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Resolved effective charges

2
Amed — 1 — 6_@Jet/96

0. = 1/\/4L3

Coherent inner ‘core’

* branchings occurring inside the

Mmed
® mMod

ium with 9 < ec
es with A1 <Qs"! (k. >Qx)

e t<L—=QsAL<w<E

e the core loses energy coherently
Casalderrrey-Solana, Mehtar-Tani, Salgado, KT 1210.7765
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I:)unresolved(z)

K=1,10

0
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z

:: probability of only finding one leading subjet in
the presence of a fragment with mom frac z
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Resolved effective charges

2
Amed — 1 _ 6_@Jet/96

0, =1/\/GL3

Ojet ™~

Coherent inner ‘core’

branchings occurring inside the
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I:)unresolved(z)

Increased
collimation

K=1,10

0
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z

:: probability of only finding one leading subjet in

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

2
Amed — 1 _ 6_@Jet/96

Coherent inner ‘core’

branchings occurring inside the

Mmed
MOAQ

ium with 9 < ec
es with A1 <Qs"! (k. >Qx)

t<L—= QJIL<w<E

the core loses energy coherently
Casalderrrey-Solana, Mehtar-Tani, Salgado, KT 1210.7765

K. Tywoniuk (UB)

Increased
collimation

I:)unresolved(z)

enhanced
resol utJon

K=1,10
e, pr=100, 20

GeV

0
0.1 0.2 03 04 05 06 0.7 08 0.9
z

:: probability of only finding one leading subjet in
the presence of a fragment with mom frac z




— the objects tnteracting and radiating in the

medium are the resolved subjets (multiparticle
states, and wot single partons)...



Experime ntal sig natures

(a) In-Cone | (b) Iil ;_g'f’f:\g:wc Out-of-Cone
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dip & softening SE ke, * L s
of the jet long oy oo L1 s, a significant
fragmentation : eeed o

PbPb/pp
[

15} = fraction of the jet

: 1-_’_._‘_:_3_:_'_____5 - B .1”1 -
function osf L R i energy is found at

A TTOTTORTON TP TUPNTY S S large angles
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Factorizatiow of energy loss

Let’s assume we have only one leading (unresolved) subjet that
carries most of the momentum of the full jet :: color transparency.
A “factorization” for leading medium-resolved subjet:

* separation in angles & separation in
q  CEEBE time :: only the total charge
g & <\ radiates

_ * allows to separate the treatment of
~ s the two different processes
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Factorizatiown of energy Loss

Let’s assume we have only one leading (unresolved) subjet that
carries most of the momentum of the full jet :: color transparency.
A “factorization” for leading medium-resolved subjet:

* separation in angles & separation in
q P time :: only the total charge
g & <\.3 hans radiates

* allows to separate the treatment of

:{3&-‘4 the two different processes
jet produced with given total charge/ancestor vacuum showering (with
pT, Do(x) = 0(1-x) particle lose energy reduced energy) starts

The ‘quenching ot /1 do’®V*(py [2) [ do?®¥2(p,)
— | dzD(z,
factor’ for jets: QL) 0 #Diz,7) dp dp 1
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Induced radiation

Decoherence :: the virtual gluon fluctuates

Ax| = kl:r until it reaches the size Ax,2~(qAt)"! where it
can be resolved by the medium.
— )\mprcoh tor = w/qA
2 A
kbr Ncoh k’% = quw

r

tbr Amio — tbr i Landau-Pomeranchuk-Migdal effect
p &
Bethe-Heitler regime Factorization regime LPM regime
tor ~ )\mfp tbr ~ I
A WBH W K W
wpH = A’ ~ Am7, we = GL° b

Baier, Dokshitzer, Mueller, Peigné, Schiff (1997-2000), Zakharov (1996),
Wiedemann (2000), Gyulassy, Levai, Vitev (2000), Arnold, Moore, Yaffe (2001)
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The rate-equation

Multiple emission regime Wl € W <K a2 W,

* independent emission "
e possible in large media 0> 0y = (cj/w?’)

* very soft radiation at large angles! | | |
Blaizot, Dominguez, lancu, Mehtar-Tani 1209.4585

9, 2 2 2
—D(z,7) = [ dzF(z,5;7) |\[=D(Z,7) = —=D(x,7)
ot C X X \/5
Jeon, Moore hep-ph/0309332 * keeps track of the leading + all the fragments
Baier, Mueller, Schiff, Son hep-ph/0009237 o « ] ] .
Blaizot, lancu, Mehtar-Tani 1301.6102 * similar to the “quenching weights
* probabilistic interpretation
— w . . . .
T=0Q ZEC * turbulent flow: no intrinsic accumulation of energy

* spectrum is self-replicating :: scaling

K. TYWO niuk (UB) == v.\msm%nkn’uwm




vzD(z,7)

Evolution equation

® rapid depletion of leading
probe into soft fragments

® finite-size and regularization
play a significant role

® slows down the evolution

® important for
phenomenological analysis

o = Slhalrpl I:elglulllarizatilon -
- BH regularization
oL BT 0.005 Analytic (infinite length) .
1 -
0.1
0.01 }
0.001

Blaizot, lancu, Mehtar-Tani arXiv:1301.6102
[...work in progress]

K. Tywoniuk (UB)

Analytical solution (infinite length):

L2
Do(iU,T) — L B

Jr(l—z)pr.
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_Jet suppression

Calculating quenching factor for “leading sub-jet”

" e = 70 GeV, wpy = 0.5 GeV | | " ©.=50GeV, gy —0.5GeV
w. = 50 GeV, wpy ~ 0 GeV ALICE @
1.2 + CMS data (preliminary) e 1.2 ATLAS ¢
ALICE data (preliminary) m CMS B
1 1
I . 08
"‘i:ﬁ 0.8 g
Qi 06 = 0.6
04 L + | 04 -
. *{F‘H‘ - | 0.2 |
n=>5.6
0 ' ' ' ' ' ' ' ' ’ 50 100 150 200 250 300
20 100 150 200 250 300 350 400
p1 [GeV]
p1 [GeV]
® sensitivity to regularization prescription L ~ 4fm
® |ow-pT sensitive to sub-leading resolved subjets GeV?2
® baseline: need more realistic collision geometry qgr~1—2
fm
K. TYWOHIUk (UB) === l.f.\wusmgnutum
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Momentum broadening

8
; Vacuum limiting spectrum Ojet d2 k
u Medium-modification, regl —— | D(x) O < @jet) — —’P(k) D(gj) :
6 - Medium-modification, reg2 ——— (27’(’ )2
wp 5 - — 2 2
S s Y o <M
> 4| wpy=50GeV = - 0<40 — |1 = _ 27T
2 0, = 2 GeV . ~ 7c = |1 —exp 0?2 D(x)
w3 = 00 =0.270 GeV N s
2 L 0=30.00 GeV |
1L %— 1.2 [ I W W\[edium-modification, regl
I[edium-modiﬁcation, reg2 v .
0 4; L1} Ll :
1.8 *-\ O ’
1.6 |- ‘\\ ) ;
-S 1.4 - \\ 0.9
§ 1.2 |-
s 0.8
0.8 - 0.7
0.6 -
0.6
0
5 0.5
e e o . 04
® strong sensitivity In the soft sector 0 50 100 150 200

® broadening a powerful effect: missing energy at very large angles!
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~

® transverse size of the
QGP-"drop” is very small
~ |fm

® jet-quenching develops
over long times

ALICS arXiv:1210.4520
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The Crontin 8ffect

What is the origin of the peak? ' ' ' B

* anti-shadowing U ] ;[f}
* l[ow-energy rescattering o
2 o8
&
2 A - T~ T =]
o el - Kopeliovich
— EKS98
‘ 04— —— EPS08 —
can —— HKN
;" 0 02— — HIJING Sg=0.28 ]
o -—-—- HIJING sg=0.28 + DHC
O.o 1 | 1 | 1 | 1
1 0 5 10 15 20
p; [GeV]
. _E...,=3(_)0 GeV. .E.,.,=8(:JO GeV.
pr (GeV) Vogt et al., arXiv:1301.3395

Kopeliovich, Nemchik, Schafer, Tarasov PRL 88(2002)232303
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Estimating the system size

For the most central collisions (N=0):

K. Tywoniuk (UB)

2.5
dN dN
=9 125 = —< 225
dn dn 5 |
1 €
LpANmeNiLAA _(;é 15 | |
£
" 1 A p+Pb5.02 TeVe, =At
pA ™~ SdAA 1 p+Pb 5.02 TeV e, = 10 A* 1
7 p+p 7 TeV Emin=/\4 A
p+p 7 TeV e, = 10 A* O
1 1 0.5 L— ' ' ' '
WepA ™ %MC,AA Qs,pA ~ 1_5QS,AA 2 3 4 5 6 7/
(dN/dy) '3

strongly reduced scales of .the med.ium Gan o dN.p, /dn ~ 1600
recall jet scale r1 =0l :: dilute regime

Bzdak, Schenke, Tribedy, Venugopalan 1304.3403
Gyulassy, Horowitz 1104.4958 , ALICE...
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No final-state effects

Eskola, Paukkunen, Salgado, arXiv:1308.6733

0.45 T T T T B T T
" W, = 70 GeV, wgy = 0.5 GeV o4 L V5 =5.02TeV i CT10
w. = 50 GeV, wgy ~ 0 CeV all Lo — CT10xEPS09
1.2 CMS data (preliminary) e 1 0.35 L 7Ry e CT10xDSSZ -
ALICE data (preliminary) —m ; : 7oL Ry CT10xHKNO7
we =2 GeV, wgg = 0.5 GeV 5 03r - \& .
1 3 r ‘\‘ U=DPT, average/2
S 0.25 1
o L
s}
g 0.8 = 02 - _
L < I
B: 0.15
0.6 - .

04 + - 0.05

50 100 150 200 250 300 350 400
p1 [GeV]

NLO/CT10
Relative uncertainty

EPS09 uncert.
| L |

0.8 L— ' — —
3 -2 1 0 1 2 3

Naijet = (T + 12) /2

® Excellent situation to extract initial-state effects

also see H. Paukkunen’s and J. Qiu’s talks yesterday

K. TYWOHiUk (UB) === v.\wusm%umuw




Dzd ets vs. centra Lutg

01_""|""|""|""|""|""| 1'15'"'|""|""|""|""|""l:
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0-8 I I I I I I I I I I I I | I I I I | I I I I | I I I I ] -03:_ ° ] 15_ _-
- CMS Prellmlnary o E"_ 20 Gev . ;g 04f—© 0805 ;%095 o o _ :
0.7 = pPb [ L dt=18.48 nb’ 20GeV<Ey "M<25Gev—|  _© ERET o
- HF[Ini>4] 7 I ° ] - ° E
" anti-k (PFlow) R=0.3 * 25GeV=E; " <30GeV o 1 %= I
0.6 — 30 GeV <E; """ < 40 Gev O'E ] % ;
N Aq)1,2 > 2n/3 * E:'F['”M] > 40 GeV _ 0T 20 a0 w0 s e 7% 020 30 a0 s0 6o
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zZls b = -
0.4 — ﬁ 6. & LK — . . . Jqe
- FARN ] ® strong shift in COM rapidity
Z — O K \Q\\ . ] . . .
031 S By - as f/b activity increases
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: ,(DI///‘ \\\:\%\'f\\?\ : . ° °
I o . distribution
A @ K ]
C B Sy - ® cffect from b-dependent
0 :ﬁ;/—‘ﬁ%'l’ Clo o b b g5l gy | ] ) . o
3 2 - 0 1 2 3 nPDF’s is only on %-level
et
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Some Ldeas

® energy loss in glasma (synchrotron radiation)
® preliminary results, very short timescales for

the effeCt Zakharov 0809.0599; Zakharov, Aurenche 1205.6462

® initial-/final-state interferences
® could be important at large xr, forward

I”apld |t>/ Martinez et al. 1308.2186, 1207.0984; Arleo et al. 1006.0818; Kopeliovich

® . centrality biases (underlying event activity,

non-perturbative effects)
e

K. Tywoniuk (UB)
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Phase-space Lumttations

® boosted dijet system involves large energy:
® Ej = pi,.cosh(Ni)+p2.cosh(n)

® demanding large f/b activity biases toward higher
activity in proton direction
® activity In Pb direction is cheap
® n proton direction, it strongly affects amount of
ISR

® |ess energy avallable for hard process

® better centrality selection if HF™us is kept fixed?

also see G. Milhano talk in Trento 2013 and D. Gulhans talk on Friday

K. Tywoniuk (UB)
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A possibte scenarlo...

"\

.

-

dense,

mid-rapidity off mid-rapidity

K. Tywoniuk (UB)
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“Back-or-the-envelope” moolel

As an example:
—4 + 8 x 1.58

asma "~ t h_1 — (.58
'IP] A e < 1.58
E> ‘;‘ > 4 —4+1.58
inary t h 1 = —046
MIbinary ™ VAL 7 Teg

Leff(n) — LO cosh (77 — nPlasma)

No boost-invariance (only z-invariance)! 20!
Creating a boosted drop/cylinder of QGP with 15
transverse size Lo, expanding rapidly (vi~c). 10

It the dijet system does not move with the
flow, It also sees the longitudinal size. 3 1

K. Tywoniuk (UB)

23



“Back-or-the-envelope” moolel

wlc(n), wB}i — 0.6 GeV

o - _ llustrates possible effects of quenching:
| | ® (artificially) strong rapidity dependence
0s | _ of quenching :: W¢(N)

® AA:many such cylinder-systems at
slightly different rapidities

0.6 |

RIS (py = 125 GeV)

® biases: not present in AA, can we get a
better handle on them in pA!?

0.2 |

Ratio(central/min—bias)
min—bias va ’
:: blue points are
points read off
from Guilhermes
plot that was
read off from the
data - just for
illustration! ::

Ss@sd  UNIVERSITAT DI BARCELONA
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SuUumma Vg

® 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)

® system created in pA is small, typical scales from the
medium are small

® do not resolve nor affect the jet fragmentation much

® getting better control of bias can help constraining
models for longitudinal expansion

® so far, no compelling hints of jet quenching effects in pA

el mvnsmguxnm
(B}

K. Tywoniuk (UB)
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1.1 R
105 | <z>=0.34-0.42, <Q*> =2.2-3.5GeV* |

CNM quewclﬂim@

-

cold QCD O
matter

= I
I 0.75 o "N HERMES
0.7 | e *Kr HERMES (Preliminary)

A R R R ERE BRI AR AR A
6 8 10 12 14 16 18 20 22 24

1
Cjcold ~ %QAhot ~ 0.05 GGVQ/fIIl

® extremely small density but system
of similar size as PbPb

® no effect at RHIC b

Y1
Accardi, Arleo, Brooks, D’Enterria, Muccifora arXiv:0907.3534 [nucl-th]
Wang, Wang PRL 89(2002)162301

K. TYWOHiUk (UB) === Lumsmguum
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o 'w dNg/dw db

—

Awnttangular component

a;Cr dw sinf db

K. Tywoniuk (UB)

dNtot* —
7 ™ w 1—cosf
k1 < Qnard
12 I
O L
8 .
induced
6 vacuum | .2 diation
4 |
coherence
2 L
O M

[©(cosh — cos by5) + Amed O(cosO,; — cosb)] .

DLA accuracy (a=0) :: affects only 2"¢ emission

Qhard

W

Aned — 0 Coherence
AL.q — 1 Decoherence

28



One emitter Two emitters
1/Qs 1/Qs

< > <€ >
< > o

Qhard — IMaxX (TJ__la Qs)

kJ_ < Qhard

vacuum coherence
(at large angles)

AO completely broken,

weak AAO, & Amed<| radiation up to k,~Q;

-----J

radiation as total radiation as
charge independent charges !

¢¢

medium-induced”

K. Tywoniuk (UB)
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One emitter Two emitters
1/Qs 1/Qs

< > <€ >
ah> o

Qhard — IMaxX (TJ__lv Qs)

k1 < Qhnard

vacuum coherence

(at large angles)

AO completely broken,
weak AAO, * Aned<l :

radiation up to k;~Q:;

- — e —————————

-LJ - OE E Em E m

\
\

radiation as total
charge

€6 !

H

radiation as :
independent charges !

K. Tywoniuk (UB)
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dI'/dk

Finite-size effects

0.04
Full — — : : : :
=l ® including finite-size
] AMY - x"”’ | . ¢ R
003 rlno. - effects in the ‘harmonic
P oscillator’ approximation
NI e —
7 ® could be improved by
001t /: - including the full rate or
Caron-Huot, Gale 1006.2379 interpolate between
0 ! L ' ' ' N=I and HO
0 05 1 15 2 25 3
T [fm]
d]ind g quffL2
z = —2P,,(2) In |cos(1 + 2 ind
dz 2 39(2) ( ) 2(1—z)pt dl
~ fLdL
. A A V4
B = \/z(l — 2)pg Gt eff = Q{(l ~ z)l. ~ ZCR}

K. TYWOHiUk (UB) h‘i l'\‘l“lSlT»\T%’l\R(’l:LUNA
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Regularization

tbr ~ >\mfp — WBH — )\?nquA

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

dzdt B 5 \/5 . N‘ mD)\mfp
Te = We/Dg T = a2z, kJ— ~ Kby < w
e _p sinho(z,x;7) —sino(z,x;7) ~1/3
(2,2;7) 9 (2)K(2) cosha(z T; 7') + coso(z,x;T) w<q :
o(z,z;7) I_C(Z)T Amfp > 1/mp = wpy > ¢'/
ay/x
. (1-
)= TEa o,

K. Tywoniuk (UB)
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Regularization

thr ~ Amfp = WBH = A4

d*P 1 F(z,2;7)

dzdT B 5 \/5 . N‘ mD}‘mfp
Te = we/pg T = a2z, kJ—Nka‘<w
. inh _ ,
R o<
o(z, ;) I_C(Z)T Amtp > 1/mp = wpy > ¢'/*
av/e
. (1-2(1-2) . 1 o) -
CER e I el e
2:  — :
K(z) = 1—2(1 -2 €9 (1 — - § — 2+ Tpu 'smooth’
[2(1 — 2)]e, rpH = wpH/FE
- E=1x/z \> apply it only to the medium K

K. Tywoniuk (UB)
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