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The geometry is the number of quark participants/nucleon participant
Eremin&Voloshin, PRC 67, 064905(2003) ; De&Bhattacharyya PRC 71; Nouicer EPJC 49,281 (2007)
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* Result published from run2 -a classic

v' PHENIX PRL91 (2003) 241803 L 1o a)
Eé 10° I
Soft production p;<2 GeV/c om 19 FHENECDS
o o 10—4 — KKP NLO
dominates dN_, /dn AT S Koetser NLO
i

10 ?
107 &
10" ;— "
| 5
] I —
S 20 . [
P A , ; -40 = .
Hard scattering-Inclusive invariant 4 c)
; a =
n¥ spectrum is pure power law for | § 2| P
a 0
AR Q =
pr=3 GeV/c n=8.1+0.1 § s D
B R ot P
NLO-pQCD describes very well = — e
0 5 10 15
down even to p,~ 1 GeV/c Br{SeS)
P> =5 Office of - s
“d Science BROOKHRVEN QNP2012 PHESENIX  M.J. Tannenbaum 5/24



* Result published from run2 -a classic

v/ PHENIX PRLI91 (2003) 241803 “)

I PHENIX Data
—KKP NLO
""" Kretzer NLO

Soft production p;<2 GeV/c
dominates dN_, /dn

E*d’c/dp’ (mb-GeV™>c?)

Thermally-
shaped Soft
Production:
e-%°T indep.

Vs

T e

o~ F
S

Hard scattering-Inclusive invariant d = ' | =
n¥ spectrum is pure power law for g z 3
pr=3 GeV/c n=8.1+0.1 % ' % .
B 2f /omengrman
NLO-pQCD describes very well T u < 5 ”*"*m‘ -------------- z ]
down even to p,~ 1 GeV/c pr (GeV/c)

Office of ..l
(D4 'BROOKHRVEN QNP2012 PH2ZENIX M. J. Tannenbaum 5/24

U.8. DEPARTMENT OF ENERGY



* Result published from run2 -a classic

v/ PHENIX PRLI91 (2003) 241803 “)

:{ PHENIX Data
—KKP NLO
""" Kretzer NLO

Soft production p;<2 GeV/c
dominates dN_, /dn

E*d’c/dp’ (mb-GeV™>c?)

Thermally-

shaped Soft

Production: B . w

e-5pT indep. - Hard
et Scattering

. .. : -40 . -- varies
Hard scattering-Inclusive invariant = :
4 a = with Vs
n° spectrum is pure power law for | & 2 =
[ ] —
e O =
pr=3 GeV/c n=8.1+0.1 E : T 5
NLO-pQCD describes very well 0 e e
0 5 10 15
down even to p,~ 1 GeV/c Br-{GaVic)

Office of —J . -0l
(D4 BROOKHRUEN QNP2012 PH24ENIX M. J. Tannenbaum 5/24

U.8. DEPARTMENT OF ENER:



In p+A or d+A, medium 1s small,
(1 nucleon wide) or non-existent.
This 1s baseline for any cold
nuclear matter effect in initial
collision

Hard scattering of partons
in the 1nitial collision is in-
situ internal probe of
medium. Do quarks and
gluons lose energy in the

medium? If so exactly how? ¢ RHIC s versatile
v/ Can collide any nuclear species on any other
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Exponential enhancement of direct-y as p;—0 is unique. No other particle is enhanced

except in the region of the ‘baryon anomaly’. This suggests new physics, i.e. thermal-y.
For p>4 GeV/c direct-y (color neutral) are not suppressed; all hadrons are suppressed,

indicating that suppression is a medium-effect on outgoing color-charged partons.
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Despite more than a factor of 20 higher Vs, the

R, , looks nearly identical for RHIC and LHC for
5<pT< 20 GeVic

ALICE data show significant upward trend but
PHENIX upward trend not significant.
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* heavy quarks suppressed the same as light quarks, and they flow, but less.

* This disfavors the hypothesis of energy loss by gluon bremsstrahlung in medium
* but brings string theorists into the game, see references in PRL 98 (2007) 172301.
* However, I think that Nino Zichichi had a better explanation.
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D meson from ¢ quarks (ALICE arXiv:1203.2160v1); non-prompt J/Psi from b quarks
[CMS arXiv:1201.5069v1 suppressed the same as charged hadrons R, ,=<0.3-0 .4
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* I read an article “Yukawa's gold mine” by Nino Zichichi taken from
his talk at INPC 2007 in Tokyo, Japan, in which he noted that the
Higgs doesn’t need to give Fermions mass for Electro-Weak

unification, the Yukawa coupling is put in by hand.
S. Weinberg, PRD 19, 1277 (1979); L. Susskind, PRD20, 2619 (1979)

“However, since the origin of the quark masses 1s still not known, it
cannot be excluded that in a QCD coloured world (i.e. QGP), the six
quarks are all nearly massless and that the colourless condition 1s
Tlavour™ dependent.”

MIJT: “Wow! Massless b and ¢ quarks in a color-charged medium
would be the simplest way to explain the apparent equality of gluon,
light and heavy quark suppression indicated by the equality of R , o
for ¥ and direct-single e* in regions where both ¢ and b quarks
dominate.” Test by measuring b-dijet imbalance in j, _ 7, correlations
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unification, the Yukawa coupling is put in by hand.
S. Weinberg, PRD 19, 1277 (1979); L. Susskind, PRD20, 2619 (1979)

“However, since the origin of the quark masses 1s still not known, it
cannot be excluded that in a QCD coloured world (i.e. QGP), the six
quarks are all nearly massless and that the colourless condition 1s

bﬂavourj dependent-” * Higgs doesn’t give quarks mass ' ' '
* QCD isn’t flavor-blind c°
MIJT: “Wow! Massless b and ¢ quarks 1n a color-charged medium

would be the simplest way to explain the apparent equality of gluon,
light and heavy quark suppression indicated by the equality of R , o
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5 gl siosy SRRy ] | thought to be equal to the
eE 3 | fragmentation function but

we found that it is NOT
sensitive to the shape of the
fragmentation function but
only to the shape of the
inclusive py, spectrum with
power n (=8.1). Formula
derived in PRD 74 (2006)
072002 works for pp and AA

dP/dxq

1.00 —

0.01

Measured ratio of particle p/pr,=Xg=> Ratio of jet transverse momenta |p, /p,, = X,

Tnp = 0.47£0.07 in Au+Au indicates that away jet has lost energy relative to trigger jet
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From 1980--1982 most high energy physicists doubted jets existed
because of the famous NAS E; spectrum which showed NO JETS.
This one event from UA2 in 1982 changed everybody’s opinion.

(a)

{b)
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ATLAS didn’t agree. Can one tell punchthrough,
1.e. pp jets, from jets with the correct energy but
with modified fragmentation function.

Need to look at fragments, not only Jets
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Leading Jet P (GeV/c)

Need to correct for the large non-zero effect in p-p collisions

(Pr1 = Pry)/ Pry =1- ’%h

130: pp =0.255, PbPb=0.36

1-x"/xP =0.141
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X, =1=(pr) = Pra)/ Pry
X, pp=0.745, PbPb=0.64

X, X =0.64/0.745= 0.859
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