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““Mike, is there a Mike, is there a ‘‘real real collider collider detectordetector’’
at RHIC?at RHIC?””---J.---J. Steinberger Steinberger

• PHENIX is picturesque
because it is not your father’s
solenoid collider detector

• Special purpose detector
designed and built to measure
rare processes involving leptons
and photons at the highest
luminosities.

 possibility of zero magnetic field on axis
minimum of material in aperture 0.4% Xo

 EMCAL RICH e± i.d. and lvl-1 trigger
•  0 separation up to pT ~ 25 GeV/c
• EMCAL and precision TOF for h± pid
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CCRS-1974 Discovery of direct CCRS-1974 Discovery of direct ee±±~10~10-4-4 ±± at ISR at ISR
not due to internal conversion of direct photonsnot due to internal conversion of direct photons

CCRS PLB53(1974)212; NPB113(1976)189 Data points (e++e-)/2 lines 10-4 ( ++ -)/2

•Farrar and Frautschi PRL36(1976)1017 proposed that direct leptons are due to
internal conversion of direct photons with / ~10-20% to e+e- (d /dm~1/m) for
pT>1.3 GeV/c. CCRS looks, finds very few events, sets limits excluding this.

p.s. these direct e± are due to semi-leptonic
decay of charm particles not discovered
until 1976, 2 year later: Hinchliffe and
Llewellyn-Smith NPB114(1976)45
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CCRS e/  Lepton/Photon SLAC 1975
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BourquinBourquin--Gaillard Gaillard (1976)-the first cocktail(1976)-the first cocktail

note: “conjectured charm meson”
whose discovery was published
in August1976 PRL37(1976)255
[but received 14 June 1975!!!!]

What about those low pT points that don’t
fit. Does that remind you of something?
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One of the One of the STARs STARs of 1976-CHORMN-30of 1976-CHORMN-30oo

Lots of experiments not designed for the purpose wanted to get into
the act. This is only one example, see Bourquin-Gaillard for more
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A Typical Paper on charm c.1990A Typical Paper on charm c.1990

e.g R. Vogt, ZPC71(1996)475
No citations to the experiments!
Tavernier RPP50(1987)1439
doesn’t even cite CCRS since
1974 was before charm or J/
were discovered.

A fairer comparison from
PHENIX PRL88(2002) 192303

Note that CCRS (1974) and Basile,
NuovoCimentoA65(1981)421 agree
with each other and theory
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Fixed target finally got it right with Fixed target finally got it right with Si Si VTXVTX
From J.A.Appel ARNPS 42(1992)367
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Zero field on axis avoids losing one eZero field on axis avoids losing one e±± from a pair from a pair
From CCRS PLB53, 212 (1974) Discovery of direct e± at the CERN-ISR (S.N.White’s thesis)

Zero field on beam axis is best for this measurement can detect
or reject conversion or Dalitz pairs before they open and watch
them open in bending plane of magnet which is off the axis.
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Converter run separates photonic from non-photonic eConverter run separates photonic from non-photonic e±±

From CCRS PLB53, 212 (1974) Discovery of direct e± at the CERN-ISR (S.N.White’s thesis)

• Background is measured in the signal
channel single e± and not calculated from
measured pairs.

• Low mass e+e- pairs are detected so can
calculate their negligible contribution to the
signal. Selected conversions extrapolate to 0
at the Dalitz point to check the method.

 Probability of internal + external conversion
per photon is
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where 2/2=Dalitz (internal conversion) branching
ratio per photon=0.6% 0, 0.8% for .
Extrapolates to zero for a photonic source at the
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Conversion eConversion e±± spectrum from  spectrum from Bethe Bethe &&
HeitlerHeitler, Proc.Roy.Soc.A146(1934)83, Proc.Roy.Soc.A146(1934)83

Pb 
E/0.511 MeV
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J/J/Psi Psi and direct and direct ee±±

CSZ NPB142(1978)29
pT =1.10±0.05 GeV/c

CCRS NPB113(1976)189
direct e± not due to J/

First J/  at ISR Best Not cause of direct e±

CCRS PLB56(1975)482
2nd J/  in Europe
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Sam Ting Nobel Lecture 11Dec 1976Sam Ting Nobel Lecture 11Dec 1976
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Jim Cronin, another Nobel LaureateJim Cronin, another Nobel Laureate
(but incorrect on this issue)(but incorrect on this issue)

Proc 1977 Int. Sym. Lepton-Photon Interactions, Hamburg
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Cronin conclusions, then discussion:Cronin conclusions, then discussion:

MJT-people who try
to measure single
leptons become the
world’s experts on 
Dalitz decay, see
erratum M.R.Jane et
al, PLB73(1978)503,
a correction of the
branching ratio
quoted in their
original eta-dalitz
(form factor)
measurement,
PLB59 (1975)103.
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QM02 PHENIXQM02 PHENIX AuAu  AuAu 200200 GeV  GeV charm via echarm via e±±

  e+e-

• Some data with 1.7 % X0 converter added

• converter only affects photonic component

• converter effect is much greater at low pT, indicating

     relatively much larger photonic component at low pT

     relatively smaller phtonic (i.e. larger non-photonic)

         component at higher pT (i.e. charm)

Reduced systematic erros.
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Charm via direct single e in p-p collisionsCharm via direct single e in p-p collisions

Beautiful agreement of e± with c b  production in p-p

PHENIX PRL97(2006)252002
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In Au+Au, total production of charm isIn Au+Au, total production of charm is
pointlike pointlike but but ppTT  spectrum shows suppressionspectrum shows suppression

• total charm yield determined from
integral of single electron spectrum

charm decay dominant source of

intermediate p
T

 electrons

PRL 94, 082301 (2005)

•   not only high pT 0 from light
quarks and gluons  but also very
heavy quarks lose energy trying to
escape system: very opaque

PRL 98, 172301 (2007)
Npart
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Direct eDirect e±± in Au+Au indicate a theoretical crisis in Au+Au indicate a theoretical crisis

Run-7

e± from heavy flavor

• 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--There are other very fundamental ideas which could explain the effect

Au+Au PHENIX
PRL 98 (2007)172301
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From CERN Courier, September 2007From CERN Courier, September 2007

• I read an article “Yukawa's gold mine” by Nino Zichichi taken
from his talk at INPC 2007 in Tokyo, Japan, in which he proposed:
“We know that confinement produces masses of the order of a
GeV. Therefore, according to our present understanding, the QCD
‘colourless’ condition could not explain the heavy quark mass.
However, since the origin of the quark masses is 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
is ‘flavour’ dependent.”

• MJT:  “Wow! Massless b and c 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 RAA for 0 and direct-single e± in regions where
both c and b quarks dominate.”

• Higgs doesn’t give quarks mass
• QCD isn’t flavor-blind !!!



WWND2010 M. J. Tannenbaum   21/27

Why would I be so quick to believe Why would I be so quick to believe ZichichiZichichi??
Proc. 12th ICHEP, Dubna 1964

UA1,UA2, CERN 1983
W boson discovery
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In my opinion In my opinion ZichichiZichichi’’s s idea is much moreidea is much more
reasonable than reasonable than AdSAdS/CFT! How to prove it?/CFT! How to prove it?
First, comments from some distinguished physicists:

• Stan Brodsky:“Oh, you mean the Higgs Field can’t penetrate the
QGP.”

• Rob Pisarski: “You mean that the propagation of heavy and light
quarks through the medium is the same”

• Chris Quigg (Moriond 08): “The Higgs coupling to vector bosons ,
W, Z is specified in the standard model and is a fundamental issue.
One big question to be answered by the LHC is whether the Higgs
gives mass to fermions or only to gauge bosons? The ‘Yukawa’
couplings to fermions are put in by hand and are not required.” “What
sets fermion masses, mixings?”
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Does this affect theDoes this affect the m mWW--mmtt--mmHH  relationship?relationship?

• Bill Marciano: “No change here if no Yukawa coupling; but there
could be other changes” (?)



WWND2010 M. J. Tannenbaum   24/27

My Proposal:use the VTX to be installed in 2010My Proposal:use the VTX to be installed in 2010
• Map out, on an event-by-event basis, the di-hadron correlations

from identified          di-jets, identified          di-jets, and light
quark and gluon di-jets, which originate from the vertex and can
be measured with 0-hadron correlations. These measurements
will confirm in detail (or falsify) whether the different flavors of
quarks behave as if they have the same mass in a color-charged
medium.

b b c c 

A. Zichichi INPC 07

MJT-Erice08

NCC

VTX

Barrel

FVTX

Endcaps
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hh±±-h-h±± correlations in Au+Au:  correlations in Au+Au:   Away-side yield  Away-side yield  vs xvs xEE ppTaTa//ppTtTt

is steeper in Au+Au than p-p indicating energy lossis steeper in Au+Au than p-p indicating energy loss

h±(4<pTt<5 GeV/c)--h±

Measured ratio of particle pTa/pTt  xE    Ratio of jet transverse momenta ˆ p Ta / ˆ p Tt
ˆ x h

The away side pTa/pTt  xE

distribution triggered by a
leading particle with pTt was
thought to be equal to the
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 pTt spectrum  with
power n (=8.1). Formula
derived in PRD 74 (2006)
072002 works for pp and AA

PHENIX AuAu PRC
77, 011901(R)(2008)
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e-h Yields in Au+Au--QM09e-h Yields in Au+Au--QM09

Near SideHead +
Shoulder

Per-trigger yields of non-
photonic electron-hadron
correlations for various 
ranges.

“Shoulder” identified as
1.25< <2.5

“Head” identified as
2.5 <   < 

Head
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Discoveries at RHICDiscoveries at RHIC
lead to many new openlead to many new open
fundamental questions:fundamental questions:
Some even relevant toSome even relevant to

particle physics at LHCparticle physics at LHC



WWND2010 M. J. Tannenbaum   28/27

How to discover the QGP c.1987How to discover the QGP c.1987

• The Classical road to success in RHI Physics: J/  Suppression

• Major background for e± detection is photons and conversions from 0. but more importantly
•Need an electron trigger for full J/  detection  EMCal plus electron ID at trigger level.
•High pT 0 and direct  production and two-particle correlations are the way to measure hard-
scattering  in RHI collisions where jets can not be detected directly---> segmentation of EMCal
must be sufficient to distinguish 0 and direct  up to 25 GeV/c (also vital for spin)
•Charm measurement via single e± (Discovered by CCRS experiment at CERN ISR)
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