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Jet Quenching: a parton-medium effect �
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qq

First QCD-based prediction BDMPSZ c. 1997�

Hard scattered partons lose energy 
going through the medium so that 
there are fewer partons or jet 
fragments at a given pT The ratio of 
measured AA to scaled pp cross 
section which=1for no energy loss is:�

RAA (pT ) =
d2NAA

� /dpTdyNAA
inel

TAA d2� pp
� /dpTdy

Lots of evidence for jet Quenching, 
discovered at RHIC for �0 and h±�

PHENIX  PRL 88, 022301 (2002) 985 cites�
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Status of RAA in AuAu at �sNN=200 GeV 2013�
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particle ID 
is crucial: 
different 
particles 
behave 
differently�

Notable are that ALL particles are suppressed for pT>2 GeV/c 
(except for direct-�), even electrons from c and b quark decay; with 
one notable exception: the protons are enhanced-(baryon anomaly)�
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But the BDMPSZ model has 2 predictions�

From RAA observed at RHIC (after 12 years) the JET Collab.  PRC 90 (2014) 014909  
has found that          1.2±0.3 GeV2/fm at RHIC, 1.9± 0.7 at LHC at initial time �0=0.6 
fm/c  but nobody has yet measured the azimuthal broadening predicted in  (2) !�

q̂ = �
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MJT-         with this data 1702.00840v2 �

Results with no broadening or large errors�
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STAR PLB760(2016) 689 �
pTt=12-20 GeV/c, pTa=3-5 GeV/c�
AuAu central, �<k2

T>=1.42±0.22�
p+p �<k2
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STA
R

 Jet-hadron �
PR

L112(2014)122301�

STAR Jet-Jet  NPA956(2016)641�
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Understanding kT and the new k’T�
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Thanks to FFF, kT is the transverse momentum of a quark in a nucleon so for a p+p or 
n+n collision the two kT add vectorially at random.  It is easier to understand from the 
figure above  where the two kT are represented as:vertical, which gives the azimuthal 
decorrelation of the two jets; and horizontal which changes the pTt of the trigger jet�

���
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The solution in pictures�
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The solution in pictures�
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�A) Bjorken parent-child relation and `trigger-bias’ proves that the 
power n of the jet pT distribution is the same as the power of the �0’s �
�B) Calculate <zt> from the quark or gluon fragmentation fn or both.�
This is easy for the STAR paper who measured <zt>=0.80±0.05 in 
their p+p collisions for �0 with12< pTt<20 GeV/c�
�C) Fit the away-side peak in the correlation fn. to a gaussian in pout �
�D) \hat{x}_h the ratio of the away-jet to the trigger jet transverse 
momenta can be measured by the away particle pTa distribution for a 
given trigger particle pTt . STAR calls this zT and I call it xE from the 
CERN ISR where it was discovered 40 years ago. �
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A)PHENIX�0 p+p Au+Au PRL101(2008)232301�
Power Law pT>3GeV/c all centralities n=8.10±0.05�
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The leading-particle effect a.k.a. trigger bias�
•� Due to the steeply falling power-law spectrum of the scattered partons, the 
inclusive particle pT spectrum is dominated by fragments biased towards large z. 
This was unfortunately called trigger bias by M. Jacob and P. Landshoff, Phys. 
Rep. 48C, 286 (1978) although it has nothing to do with a trigger. �

Bjorken parent-child relation: parton and particle 
invariant pT spectra have same power n, etc. �

Fragment spectrum given pTt is 
weighted to high zt by zt

n-2�

Zimanyi School '17�



M. J. Tannenbaum   13�
  �

It works: Jet pT spectrum same power n as �0�
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C) Fits to the correlation functions for <pout2> �
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 �Fit the correlation function with a trigger side gaussian in �� and an 
away side gaussian in sin(��-�=x), where –�/2<x<�/2, which can 
easily be converted to �<p2

out> by multiplying the fit result by pTa. �
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C) pout fits are good�
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<p2
out>=0.55±0.16 (GeV/c)2�

<p2
out>=0.85±0.20 (GeV/c)2�

<p2
out>=0.26±0.11 (GeV/c)2�

<p2
out>=0.58±0.17 (GeV/c)2�
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D) The away particle  pTa distribution for 
a given trigger particle pTt measures the 

ratio of the away jet to trigger jet pT

 xE�pTa /pTt  (STAR calls zT)�
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Full derivation in Appendix or see �
PHENIX �0 p+p PRD74(2006)072002�
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D) Shape of xE distribution depends on         
and n but not on b-i.e. FFF failed�

ˆ x h

ˆ x h
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Here FYI is my fit to the STAR xE (zT) 
distribution with huge Type B sys errors �
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yi with sys error �bi�
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Discussion�
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Details to be Discussed (Understood)�
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The Challenge�

M. J. Tannenbaum   21  �Zimanyi School '17�



Homework�
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Does the formula give the same answer for qhatL from  <p2
out> of 

the above predictions at RHIC for 35 GeV Jets?  �

A.Mueller et al PLB 763 (2016) 208  �
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Appendix
Correlations 

Details             
For  skeptics�
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B)PHENIX-calculated <zt> in p+p as a function of pTt of the 
trigger using LEP fragmentation functions�

LEP�

PHENIX PRD 74 (2006) 072002, PRD 81 (2010) 012002, give these calculations. 
The method is better described in arXiv:nucl-ex/0611008v2 [PoS(CFRNC2006)001]�

bq=8.2�

bg=11.4�

GeV/c〉
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The away particle  pTa distribution for a 
given trigger particle pTt measures the 
ratio of the away jet to trigger jet pT

 xE�pTa /pTt  (STAR calls zT)�
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Full derivation next pages �
PHENIX �0 p+p PRD74(2006)072002�
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2 particle Correlations �

(1)�

Prob. that you make a jet 
with        which fragments to 
a � with zt=pTt/�

ˆ p Tt
ˆ p Tt

Prob. that  away 
jet with        
fragments to a � 
with za=pTa/�ˆ p Ta

ˆ p Ta

Appears to be 
sensitive to away 
jet Frag. Fn. 
BUT�
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I kept going and got a neat result�

(1)�

(2)�
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The final result�

Where B/b�<m>�b is the mean charged multiplicity in the jet �
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Shape of xE distribution depends on         
and n but not on b�

ˆ x h
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Why dependence on the Frag. Fn. vanishes�

•� The only dependence on the fragmentation function is in the 
normalization constant B/b which equals <m>, the mean multiplicity 
in the away jet from the integral of the fragmentation function.�

•� The dominant term in the xE distribution is the Hagedorn function  
…                      so that at fixed pTt the xE distribution is predominantly 
a function only of xE and thus exhibits xE scaling, as observed.�

•� The reason that the xE distribution is not sensitive to the shape of the 
fragmentation function is that the integral over zt in (1, 2) for fixed pTt 
and pTa is actually an integral over jet transverse momentum  ..    . 
However since the trigger and away jets are always roughly equal and 
opposite in transverse momentum (in p+p), integrating over …   
simultaneously integrates over …  . The integral is over zt, which 
appears in both trigger and away side fragmentation functions in (1).�
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