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A closer look�
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The ``famous’’ head-shoulders paper�
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The ``famous’’ head-shoulders paper�
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Where are the errors in the ���3.14 away peaks ?�



How to understand this issue ?�
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In some sense Bo-Wen was correct since there was no public list of the data for 
PRC77. However this paper was held up so long in trying to get into PRL that the 
final paper PRC 78(2008) 014901 did have  a list of the data�
https://www.phenix.bnl.gov/phenix/WWW/info/data/ppg083_data.html�
so I decided to do a fit to our PHENIX data for Panels (g) and (h)�



Here are my fit results compared to PLB773�
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My  Au+Au (dashed) fits to PHENIX are narrower than my p+p fits!!! My  Au+Au  
fits to STAR are wider than p+p,  like PLB773, where published data existed�



Here are my fit results compared to PLB773�
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The rest of the talk is about what this means and why it is more interesting than 
you might expect, even for di-jets in sPHENIX �



First, I discuss why I am so 
interested in azimuthal 

broadening  in di-hadron 
correlations and qhatL�
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Azimuthal broadening of di-hadrons was first 
observed at the CERN ISR in 1976-77 by 

experiments (CCHK) trying to determine what 
was balancing the production of high pT 

particles discovered in 1972-73 at the ISR�
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CCHK ``kT” NPB1279(2016)1-42�CCOR  PLB46(1973)471�



!

Understanding kT : FFF NPB128(1977)1-65�
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So where does qhatL come in?
�
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Rolf Baier asked me at a meeting in Paris in 1998 
whether we could measure jets at RHIC.
    I said, “Not really, but we probably could do just 
as well with high pT hadrons which PHENIX was 
designed to measure.”
       I was correct for high pT hadrons since our high 
pT suppression discovery paper is the first and so far 
only regular paper at RHIC to have more than 1000 
citations.�



Conference where I first encountered BDMPSZ �
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June 1-6,1998�



Jet Quenching: by coherent LPM radiative 
energy loss of a parton in the QGP-1997�

 In 1997, Baier, Dokshitzer, Mueller Peigne, Schiff  also Zakharov, see 
ARNPS 50, 37 (2000),  said that the energy loss from coherent LPM 
radiation for hard-scattered partons exiting the QGP would “result in 
an attenuation of the jet energy and a broadening of the jets”  �
As a parton from hard-scattering in the A+B collision exits through the 
medium it can radiate a gluon; and both continue traversing the 
medium. It is important to understand that “Only the gluons radiated 
outside the cone defining the jet contribute to the energy loss.” . In the 
angular ordering of QCD, the angular cone of any further emission will 
be restricted to be less than that of the previous emission and will end 
the energy loss once inside the jet cone. This doesn’t work in the QGP 
So no energy loss occurs only when all gluons emitted by a parton are 
inside the jet cone. In addition to other issues this means that defining 
the jet cone is a BIG ISSUE—watch out for so-called trimming.  



BDMPSZ-the cone, the energy loss, 
azimuthal broadening-QGP signature 1997�
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BSZ arXiv:hep-ph/0002198v2�



BDMPSZ-the cone, the energy loss, 
azimuthal broadening-QGP signature 1997�
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BSZ arXiv:hep-ph/0002198v2�
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The BDMPSZ model has 2 predictions�



The problem for azimuthal broadening�
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Many experiments at RHIC, including recent experiments with di-Jet [7] 
di-hadron [5] and jet-hadron [6] azimuthal correlations have searched for 
azimuthal broadening in Au+Au collisions compared to p+p collisions 
and have not found a significant difference in the Gaussian widths of the 
away peaks. (See MJT PLB771(2017)553-557 for the citations).�
This effect, for pTa � 2-3 GeV/c turns out to be interesting and related to 
another `well known effect’ called IAA and will be discussed later.�
�
Another problem which took me a long time to figure out is that if you 
simply measure kT with the same pTt and pTa in p+p and Au+Au 
collisions you get crazy answers.�
       �
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The solution in pictures�
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The solution in pictures�
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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? �
I got  9.7 GeV2 and 21.5  GeV2 respectively for the  8 GeV2 and 20 GeV2 plots�

A.Mueller et al PLB 763 (2016) 208  
predictions for 35 GeV/c Jets at RHIC �



My method and answer�
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A.Mueller et al PLB 763 (2016) 208 
predictions for 35 GeV/c Jets at RHIC  �

The theorists don’t give numbers for 
the curves, so I assumed gaussians 
and measured the half width at half 
maximum, which for a gaussian is 
1.177 �. i.e.  �=hwhmax/1.177. �

Assuming that the peak is symmetric 
about  �, I calculated 
<pout2>=(35*sin�)2 and used �

I got  9.7 GeV2 and 21.5  GeV2  for 
the       8 GeV2 and 20 GeV2 plots�



OK—Now back to the PHENIX data problem�
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Tabulation of MJT-PHENIX results �
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Note that the qhatL results are negative but consistent with zero and completely in �
disagreement with the 13 GeV2 quoted in the figure from PLB 773.�
The zero values for pTa>3 GeV/c are common and will be discussed in detail�



q-hat L calculations from other 
measurements will be presented but first 
some details of how to find the needed 

di-jet quantities �
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Find di-jet info from di-hadrons and <zt> �
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This is well known to older PHENIXians who have read 
PRD74(2006)072002, or my book [Rak & Tannenbaum, High pT 
physics in the Heavy Ion Era –Cambridge 2013] as outlined below�
�
�A) Bjorken parent-child relation and `trigger-bias’ gives <zt>�
[NPB 113(1976) 395–412].     �
�B) The energy loss of the trigger jet from p+p to Au+Au can be 
measured by the shift [PRC87(2013) 034911]�
�C)  \hat{x}_h the ratio of the away-jet to the trigger jet transverse 
moments can be measured by the away particle pTa distribution for a 
given trigger particle pTt�

n=8.1 for 200 GeV�
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PHENIX �0 Au+Au �sNN=200 GeV   0801.4020�
Power Law pT>3GeV/c all centralities n=8.10±0.05�



Examples of A) and B)�
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C) \hat{x}_h from fits to the PX PRL104 data�
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C) \hat{x}_h from fits to the PX PRL104 data�



A more interesting result from the xE fits  �
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MJT qhatL calculations 
from published STAR and 

PHENIX data �
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�

The results from STAR PLB760(2016)689 
as given by MJT in PLB771(2017)553 also 

show a zero result for pTa> 3 GeV/c �

number 3 �
triptych plot�

error Eq.�



Fig 2 from PHENIX PRL104,252301(2010) 
shows the away widths so qhatL calc is easy �
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Some qhatL results from PRL104 Fig2�
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More qhatL results from PRL104 Fig2�



First Conclusion�
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IAA is simply the ratio of the Au+Au to p+p 
xE distributions�
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All IAA distributions
are flat for pTa>3 GeV/c�
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Suggestion for Improvement: di-jets (at RHIC)  
�



The End�
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Run-1: RHIC Headline News … January 2002
THE major discovery at RHIC (so far)�

PHENIX 

First observation of large suppression of high pT hadron yields 
  ‘‘Jet Quenching’’? ==  Quark Gluon Plasma? 

PHENIX  PRL 88, 022301 (2002)�



MJT-         with this data 1702.00840v2 �

STAR results�
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