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It all began at the 1968It all began at the 1968
ICHEP in Vienna.ICHEP in Vienna.

Panofsky Panofsky reported onreported on
the first DIS resultsthe first DIS results
from SLAC whichfrom SLAC which

Bjorken Bjorken had clarifiedhad clarified
using scaling argumentsusing scaling arguments
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From From Panofsky Panofsky ICHEP 1968-SLAC ICHEP 1968-SLAC ep ep DISDIS

The old way, hard to understand
νW2(Q2,ν) vs energy loss ν

The new way, Bjorken Scaling
νW2(Q2,ν) scales vs ω=ν/Q2

i.e. collapses onto one curve
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Bjorken Bjorken Scaling in Deeply InelasticScaling in Deeply Inelastic
Scattering and theScattering and the Parton  Parton Model---1968Model---1968

ν =
Q2

2Mx

Phys. Rev. 179, 1547 (1969)

Phys. Rev. 185, 1975 (1969)
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BjBj-prediction 1971 CCR discovery 1972-prediction 1971 CCR discovery 1972

Bjorken-International lepton-
photon Cornell 1971 CCR R. Cool, ICHEP 1972
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Why were some people studying Why were some people studying ““highhigh
ppTT””physics in the 1960physics in the 1960’’s?s?
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They were searching for the W boson.

Why were some people studying Why were some people studying ““highhigh
ppTT””physics in the 1960physics in the 1960’’s?s?
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Why were some people studying Why were some people studying ““highhigh
ppTT””physics in the 1960physics in the 1960’’s?s?

• The first opportunity to study weak interactions at high energy was
provided by the development of neutrino beams at the new
accelerators in the early 1960’s CERN-SpS , BNL-AGS.

• However, it was soon recognized that the intermediate (weak) boson
W±, might be more favorably produced in nucleon-nucleon collisions.
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The The ‘‘Zichichi Zichichi signaturesignature’’ for the W boson for the W boson
Proc. 12th ICHEP, Dubna 1964
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The The ‘‘Zichichi Zichichi signaturesignature’’ for the W boson for the W boson
Proc. 12th ICHEP, Dubna 1964

UA1,UA2, CERN 1983
W boson discovery

PHENIX+STAR 4.0σ Parity Violation
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Searches for W boson in p-p collisionsSearches for W boson in p-p collisions

• 1965-1969 Beam dump experiments at ANL-ZGS and BNL-AGS
looking for “large angle” muons didn’t find any.  [ZGS-Lamb, et al PRL 15,
800 (1965), AGS-Burns, et al, ibid 830, AGS-Wanderer et al, PRL 23,729(1969)]

• How do you know how many W should have been produced?

• Chilton, Saperstein, Shrauner [PR148, 1380 (1966)] emphasize the
importance of the timelike form factor, which is solved by

• Y. Yamaguchi [Nuovo Cimento 43, 193 (1966)] Timelike form factor can
be found by measuring the number of lepton pairs e+e- or µ+µ- “massive
virtual photons” of the same invariant mass; BUT the individual leptons
from these electromagnetically produced pairs might mask the leptons
from the W±.

• This set off a spate of single and di-lepton experiments, notably the
discovery by Lederman et al of “Drell-Yan” production at the BNL-
AGS,  E70 at FNAL and CCR at the CERN-ISR.
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AGS-1969-71 Discovery of AGS-1969-71 Discovery of ‘‘DrellDrell--YanYan’’  and ??and ??

Christenson, Lederman…PRL 25,  1523 (1970) `Theory’ Altarelli, Brant Preparata PRL 26  42 (1971)

p+U→µ+µ-+X

√sNN=7.4 GeV

long forgotten
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AGS-1969-71 Discovery of AGS-1969-71 Discovery of ‘‘DrellDrell--YanYan’’  and ??and ??

Christenson, Lederman…PRL 25,  1523 (1970) `Theory’ Altarelli, Brant Preparata PRL 26  42 (1971)

p+U→µ+µ-+X

√sNN=7.4 GeV

This is why I
NEVER plot
theory curves
on any of my
data

long forgotten
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?? explained by J/?? explained by J/ψψ in 1974 at AGS + SLAC in 1974 at AGS + SLAC
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Now, Back ToNow, Back To
Hard-ScatteringHard-Scattering
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BBK 1971BBK 1971
S.M.Berman, J.D.Bjorken and J.B.Kogut, Phys. Rev. D4, 3388 (1971)

• BBK calculated for p+p collisions, the inclusive reaction

                      A+B →C + X     when particle C has pT>> 1 GeV/c

• The charged partons of DIS must scatter electromagnetically “which may be
viewed as a lower bound on the real cross section at large pT.”
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BBK 1971-continued: the era of SCALINGBBK 1971-continued: the era of SCALING
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CCR at the CERN-ISRCCR at the CERN-ISR
Discovery of highDiscovery of high p pTT  production in p-pproduction in p-p

• e-6pT breaks to a power law at high pT with characteristic √s dependence
• Large rate indicates that partons interact strongly (>> EM) with other.
• Data follow BBK-BBG scaling but with n=8!, not n=4 as expected for QED

 F.W. Busser, et al.,
CERN, Columbia, Rockefeller
Collaboration
 Phys. Lett. 46B, 471  (1973)

Bj scaling → BBK scaling →
Blankenbecler, Brodsky, Gunion
Scaling PL 42B, 461 (1972)
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xxTT  scaling with n=8, not 4scaling with n=8, not 4
Inspires Constituent Interchange ModelInspires Constituent Interchange Model

xT=2pT/√s

n=4 for QED or vector gluon

n=8 for quark-meson
scattering by the exchange
of a quark

CIM-Blankenbecler, Brodsky, Gunion,
Phys.Lett.42B,461(1972)
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Constituent Interchange ModelConstituent Interchange Model
Blankenbecler, Brodsky, Gunion, Inclusive Processes at High Transverse Momentum,

Phys. Lett. 42B, 461(1972)
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State of the ArtState of the Art
Fermilab Fermilab 19771977

D. Antreasyan, J. Cronin, et al., PRL 38, 112 (1977)

Beautiful xT scaling at all 3 fixed target energies with n=8
Totally Misleading--Not CIM or QCD but kT
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First prediction using First prediction using ‘‘QQCCDD’’ 1975 1975
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CCOR 1978--Discovery ofCCOR 1978--Discovery of
““REALLY highREALLY high p pTT>7>7 GeV GeV/c/c”” at ISR at ISR

CCOR A.L.S. Angelis, et al,
Phys.Lett. 79B, 505 (1978)

See also A.G. Clark, et al
Phys.Lett 74B, 267 (1978)

• Agrees with CCR, CCRS (Busser)
data for pT < 7 GeV/c.

• Disagrees with CCRS fit pT > 7 GeV/c

• New fit is:
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n(n(xxTT, , √√s) WORKS ns) WORKS n→→5=45=4++++

Same data Ed3σ/dp3(xT)   ln-ln plot

QCD: Cahalan, Geer, Kogut, Susskind,
PRD11, 1199 (1975)
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ISRISR Expt Expt’’s s more interested in n(more interested in n(xxTT,,√√s)s)
than absolute cross sectionthan absolute cross section

cross sections vary by factor of 2

Athens BNL CERN Syracuse
Collaboration,
C.Kourkoumelis, et al
Phys.Lett. 84B, 279 (1979)

But n(xT,√s) agrees
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CCRS-1974 Discovery of direct CCRS-1974 Discovery of direct ee±±~10~10-4-4ππ±± 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 (π++π-)/2

•Farrar and Frautschi PRL36(1976)1017 proposed that direct leptons are due to
internal conversion of direct photons with γ/π~10-20% to e+e- (dσ/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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Direct photon production-simple theory hard experimentDirect photon production-simple theory hard experiment

See the classic paper of Fritzsch and Minkowski, PLB 69 (1977) 316-320

q

qg

γ

q

q g

γ

isolated
photons  

Compton

Annihilation

small-ignore

Analytical formula for γ-jet cross section for a photon at pT, yc (and parton (jet) at pT, yd):

       and F2(x) are g and q pdf’s in nuclei A,B

yc

yd

q is 8/1
u/d quark
in p+p

A+B→γ +X
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Experimental problem is HUGE background from Experimental problem is HUGE background from ππ00→γγ→γγ, , η→γγη→γγ, etc., etc.
(But this is less of a problem in Au+Au due to suppression of (But this is less of a problem in Au+Au due to suppression of ππ00))

Rγ

x (1.19)=0.335

η/π0=0.50

PHENIX PRL94 (2005) 232301
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Correlations pTtrig>6 GeV/c

ISR direct photon production + correlationsISR direct photon production + correlations

q

qg

γ

q

q g

γ

isolated
photons

Compton

Annihilation

Cross Section γ/π0

No evidence for bremss. contribution to
direct γ--same side correlation is zero--
see CMOR NPB327, 541 (1989) for full
list of references.
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J/J/Psi Psi and direct and direct ee±± at the CERN-ISR at the CERN-ISR

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

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

First Best Not cause of direct e±

CCRS PLB56(1975)482
2nd J/Ψ in Europe
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Status of ISR single particleStatus of ISR single particle
measurements 1978measurements 1978

kT is what made n=4++ → n=8
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kkTT  is not a parameter, it can be measuredis not a parameter, it can be measured
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Feynman Feynman Field & FoxField & Fox to the rescue to the rescue
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FFF and Owens QCD calculations inclusive FFF and Owens QCD calculations inclusive ππ00

Feynman,Field,Fox, PRD18(1978)3320 Owens,Reya, Gluck PRD18(1978)1501

Note FFF agrees much better at lower pT due to kT smearing
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p.s. p.s. Fermilab Fermilab experiment (1980) kills CIMexperiment (1980) kills CIM
H. J. Frisch, et al., PRL 44, 511 (1980) π-+p→π± + X

If quark-meson scattering by exchange of a quark dominates
then π- should dominate π+ at large pT

Statement in PLB637, 58 (2006):“We find that high-pT hadrons are produced by different mechanisms at fixed-target and
collider energies. For pions, higher-twist subprocesses where the pion is produced directly dominate at fixed target
energy,” is contradicted by this measurement
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Status of QCD Theory in 1978Status of QCD Theory in 1978

• The first modern QCD calculation and prediction for high pT single
particle inclusive cross sections including non-scaling and initial state
radiation was done in 1978 by J. F. Owens, E. Reya, M.Gluck, PRD
18, 1501 (1978), “Detailed quantum-chromodynamic predictions for
high-pT processes,” and J.F. Owens, J. D. Kimel, PRD 18, 3313
(1978), “Parton-transverse-momentum effects and the quantum-
chromodynamic description of high-pT processes”.

• This work was closely followed and corroborated by Feynman,
Field, Fox PRD 18, 3320 (1978), “Quantum-chromodynamic
approach for the large-transverse-momentum production of particles
and jets.”

• Unfortunately jets in 4π Calorimeters at ISR energies or lower are
invisible below                        GeV, which led to considerable
confusion in the period 1980-1982.

ˆ s ≈ ET ≤ 25
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QQCCDD and Jets and Jets
are now a cornerstone of the standard modelare now a cornerstone of the standard model

• Incredibly at the famous Snowmass conference in July
1982, many if not most people in the U.S. were skeptical

e.g. MJT Seminar in 1982

• The International HEP conference in Paris, three weeks
later, July 26--31, 1982 changed everything.
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THE UA2 Jet-Paris 1982THE UA2 Jet-Paris 1982
From 1980--1982 most high energy physicists doubted jets existed
because of the famous NA5 ET spectrum which showed NO JETS.
This one event from UA2 in 1982 changed everybody’s opinion.
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Why I believed in Jets:Why I believed in Jets:
At the CERN ISR fromAt the CERN ISR from
1975-1982  two-particle1975-1982  two-particle

correlations showedcorrelations showed
unambiguouslyunambiguously

that high that high ppTT  particlesparticles
come from jetscome from jets
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How everything you want to know about JETSHow everything you want to know about JETS
was measured with 2-particle correlationswas measured with 2-particle correlations

CCOR, A.L.S.Angelis, et al Phys.Lett. 97B,
163 (1980)   PhysicaScripta 19, 116 (1979)

pTt > 7 GeV/c vs pT

Away side pout~pT∆φ is not constant i.e ∆φ ≠1/pT, indicating jets not collinear in azimuth⇒ kT
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xE pTt

pout=pT sin∆φ

pTt pT
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CCOR <|pCCOR <|poutout|>|>22 vs  vs xx22
EE

〈⏐pout⏐〉
2 =xE

2[2 〈⏐ kTy ⏐〉2 + 〈⏐ jTy ⏐〉2]+ 〈⏐ jTy ⏐〉2

CCOR PLB97(1980)163-168
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jjTT  is constant-independent ofis constant-independent of p pTtTt  and and √√ss
Characteristic of jet fragmentationCharacteristic of jet fragmentation

• it took the e+ e-

people several
more years to get
this correct---
because they
didn’t understand
the seagull effect:
(jT < pT)
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kkTT  varies withvaries with p pTtTt  and and √√s--not intrinsics--not intrinsic
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xxEE  distribution measures fragmentation fn.distribution measures fragmentation fn.

xE ~ pTa/pTt ~z/<ztrig>

⇒Dq
π(z)~e-6z

• independent of pTt

<ztrig>=0.85 measured

See M. Jacob’s talk Proc. EPS 1979
Geneva (CERN). p512

*

same data (pTt>7 GeV/c)

* but we did learn something new
on this issue in PHENIX at RHIC
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As shown at the ISR by As shown at the ISR by DarriulatDarriulat, etc, and, etc, and
believed by most High Energy Physicistsbelieved by most High Energy Physicists

P. Darriulat, et al,  Nucl.Phys. B107 (1976) 429-456

Figures from P. Darriulat, ARNPS 30 (1980)
159-210 showing that Jet fragmentation
functions in νp, e+e- and pp (CCOR) are the
same with the same dependence of b
(exponential slope) on “   ”ˆ s 
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Where did I (and everybody in HEP) getWhere did I (and everybody in HEP) get
this idea?---from Feynman, Field and Foxthis idea?---from Feynman, Field and Fox

“There is a simple relationship
between experiments done with
single-particle triggers and those
performed with jet triggers. The
only difference in the opposite
side correlation is due to the fact
that the ‘quark’, from which a
single-particle trigger came,
always has a higher p⊥ than the
trigger (by factor 1/ztrig). The
away-side correlations for a
single-particle trigger at p⊥ should
be roughly the same as the away
side correlations for a jet trigger at
p⊥ (jet)= p⊥ (single particle)/
<ztrig>”.

FFF Nucl.Phys. B128(1977) 1-65
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This is the only thing we didnThis is the only thing we didn’’t understandt understand
correctly at the ISR. Maybe we could becorrectly at the ISR. Maybe we could be

forgiven because Feynman said it.forgiven because Feynman said it.

For more info, see: M. J. Tannenbaum “Review of hard
scattering and jet analysis”, PoS (CFRNC2006)
cited by Kronfeld and Quigg in “Resource Letter: QCD”
arXiv:1002.5032v2

* At RHIC we learned that the xE

distribution from a trigger fragment does
not measure the fragmentation function.
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Why nobody (in the U.S.) believed in jetsWhy nobody (in the U.S.) believed in jets

• In 1972-73, soon after hard-scattering was discovered in p-p
collisions, Bjorken PRD8 (1973) 4098 and Willis (ISABELLE
Physics Prospects-BNL-17522) proposed 4π hadron calorimeters
to search for jets from fragmentation of scattered partons with
large pT realizing that a substantial increase in rate would be
expected in measuring the entire jet at a given pT rather than just
the leading fragment. (Bjorken’s parent-child effect)

•  It took until 1980 to get a full azimuth ∆η~±0.88 (∆Θ~±45o)
calorimeter but meanwhile experiments were done with smaller
back-to-back calorimeters each with aperture ∆Φ~±45o

∆η~±0.55 and many new trigger biases were discovered, for
instance, jets wider than the calorimeter aperture would deposit
less energy than narrow jets of the same pT and be suppressed by
the steeply falling spectrum⇒jet structure is dominated by the
calorimeter geometry  [e.g. see M. Dris NIM 158 (1979) 89]
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(In)famous FNAL E260 found (In)famous FNAL E260 found ““JetsJets”” (1977) (1977)

• In each of 2 back to back
calorimeters with ∆Φ~±45o

∆η~±0.36 (same as PHENIX)
the invariant cross section of
several particles with a vector
sum pT is much larger than a
single particle of the same pT.
The authors took this as
evidence for the exactly back-
to-back in azimuth jets of
constituent scattering⇒Never
let an interested theorist
collaborate on an experiment.

C.Bromberg et al E260, PRL 38
(1977)1447, NPB134 (1978) 189
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But, experiments with different apertures gotBut, experiments with different apertures got
different resultsdifferent results

• The first 4π experiment was a bubble chamber(!) 110 GeV/c K- on p
[M. Deutschmann, et al, ABCCLVW collab, NPB155 (1979)307]

• multiparticle cross
section for pT> 1.5 GeV/c
>> single particle

• Data extrapolate nicely
to those of E260 [8] in
slope and magnitude.

• But ``principal axis”
analysis of the data shows
“the vast majority of
events with large pT
multiparticle systems DO
NOT exhibit jet-like
structure.”
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NA5-the coup-de-grNA5-the coup-de-grââce to jets (1980)ce to jets (1980)

• Full azimuth calorimeter -0.88<η*<0.67 (→ NA35, NA49)

• plus triggered in two smaller apertures
corresponding to E260.

• No jets in full azimuth data

•All data way above QCD predictions

• The large ET observed is the result of
“a large number of particles with a
rather small transverse momentum”--the
first ET measurement in the present
terminology.

K. Pretzl, Proc 20th ICHEP (1980)
C. DeMarzo et al NA5, PLB112(1982)173

For more on ET see MJT IJMPA 4 (1989)3377
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Back to-THE UA2 Jet-Paris 1982Back to-THE UA2 Jet-Paris 1982
From 1980--1982 most high energy physicists doubted jets existed
because of the famous NA5 ET spectrum which showed NO JETS.
This one event from UA2 in 1982 changed everybody’s opinion.
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UA1-Carlo himself explained EUA1-Carlo himself explained ETT (no jet) dist. (no jet) dist.
before seeing UA2 plot. Explanation is correctbefore seeing UA2 plot. Explanation is correct

UA1 (1982) Paris-withdrawn (C.Rubbia) √s=540 GeV.
No Jets because ET is like multiplicity (n), composed of
many soft particles near <pT> !      CERN-EP-82/122.

OOPS UA2 discovers jets
~5-6 orders of magnitude
down in ET distribution!
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LO-LO-QQCCDD in 1 sli in 1 sliddee
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LO-LO-QQCCDD in 1 sli in 1 sliddee

A

B

a

b
c

d

C

fa
A (x1) D cC /

fb
B (x2) D dD /

dσ
dˆ t X
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Constituent KinematicsConstituent Kinematics

In p-p c.m. system,
parton-parton c.m. energy

ˆ s = x1x2s

p-p c.m. energy √s

In parton-parton c.m. system
scattering angle is θ*

Q2 = −ˆ t = ˆ s 
(1− cosθ*)

2 − ˆ u = ˆ s 
(1+ cosθ*)

2
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ΣΣabab  ((coscosθθ*) in *) in LO-LO-QQCCDD
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DATA: CCOR NPB 209, 284 (1982)

Also Paris1982-first measurement of QCDAlso Paris1982-first measurement of QCD
subprocess subprocess angular distribution usingangular distribution using

ππ00--ππ00 correlations correlations

QQCCDD
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QQCCDD
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Eventually this was measured with Eventually this was measured with didi-jets-jets

see L. Di Lella ARNPS 35 (1985) 107--134
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QCD really works CCOR pp follows QCD really works CCOR pp follows qqqq,,
UA1 p-UA1 p-pbar pbar follows q-follows q-qbarqbar

plot I made in 1983
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Jet measurements of QCD in pp collisions areJet measurements of QCD in pp collisions are
now standard after a ~30 year learning curvenow standard after a ~30 year learning curve

The measured crosssection is in agreement with NLO pQCD predictions after the necessary nonperturbative
parton-to-hadron corrections are taken into account. i.e. Make sure to read the fine print!

At RHIC, inclusive single particles provide a precisionAt RHIC, inclusive single particles provide a precision
pQCD pQCD probe, well calibrated in pp, probe, well calibrated in pp, dAudAu…… collisions collisions

A. Abulencia, et al, CDF PRL 96 (2006) 122001-kT algorithm
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PHENIX excellent in hard-scatteringPHENIX excellent in hard-scattering
measurements via single-inclusive and two-measurements via single-inclusive and two-
particle correlations, STAR better with Jetsparticle correlations, STAR better with Jets

π0 direct-γ
direct-single-e from
c and b quark decays

In p-p collisions, since 1978, NLO pQCD agrees very well with all measurements.

PHENIX PRL91 (2003) 241803 PHENIX arXiv:1205.5533 PHENIX PRL97 (2006) 252002
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Of course LHC MUCH Better with JetsOf course LHC MUCH Better with Jets
STAR PRL97 (2006) 252001

Again agree very well with NLO pQCD in p-p collisions. But, I have known that
QCD worked for hard scattering since 1978. What I learn from the CMS plot is
that partons are pointlike up to Q2≈t≈2pT

2 = 2,000,000 GeV2 i.e. r<<1.4 x 10-4 fm!!

CMS PRL107 (2011) 132001
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P. Aurenche et al  Phys. Rev.
D 73, 094007 (2006)

PHENIX direct
photon p-p data

clarify longstanding
data/theory puzzle

Direct Direct γγ p-p data and  p-p data and pQCD pQCD c. 2007c. 2007

PHENIX direct-γ in p-p
PRL 98 (2007) 012002

4
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P. Aurenche et al  Phys. Rev.
D 73, 094007 (2006)

PHENIX direct
photon p-p data

clarify longstanding
data/theory puzzle

Direct Direct γγ p-p data and  p-p data and pQCD pQCD c. 2007c. 2007

PHENIX direct-γ in p-p
PRL 98 (2007) 012002

4

New PHENIX p-p results this year
arXiv:1205.5533 are even better!
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xxTT  scaling: a) Direct-scaling: a) Direct-γγ   b) Jets   b) Jets

Direct γ n≈5 2005

Jets-Ratio of Scaled Cross Sections 630/1800

Jets n≈4.5

G.C.Blazey & B.L.Flauger, ARNPS 49, 633 (99)
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xT scaling with
neff=4 (parton
model) QCD non-
scaling is visible

QCD in Action 2012QCD in Action 2012

Collection of World’s
direct-γ measurements
(p+p/ p+pbar) including
PHENIX low pT msmt. to
be described next.
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xT scaling with
neff=4 (parton
model) QCD non-
scaling is visible

QCD in Action 2012QCD in Action 2012

xT scaling with
neff=4.5 works for
direct-γ due to
QCD non-scaling

Collection of World’s
direct-γ measurements
(p+p/ p+pbar) including
PHENIX low pT msmt. to
be described next.
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QM2005-direct QM2005-direct γγ in  in AuAu AuAu via internal conversionvia internal conversion
Kroll Wada PR98(1955) 1355

q γ∗

g q

e+
e-PHENIX NPA774(2006)403

Eliminating the π0 background by going to 0.2<mee<0.3 GeV enables direct γγ signal to be signal to be
measured for 1<measured for 1<ppTT  <3 <3 GeVGeV/c in Au+Au. It is exponential, does that mean it is thermal. We/c in Au+Au. It is exponential, does that mean it is thermal. We
must see whether p-p direct must see whether p-p direct γγ turns over as  turns over as ppTT  →→0 as in 0 as in DrellDrell--Yan Yan or exponential like for or exponential like for π0

= Kroll-Wada
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QM2008 QM2008 direct direct γγ in p-p via internal conversion in p-p via internal conversion

µ = 0.5pT
µ = 1.0pT
µ = 2.0pT

Lowest pT direct γ ever measured in
p-p (and Au+Au). Curves are pQCD
extrapolated (W.Vogelsang)

This is a major discovery, p-p result turns over as
pT→0, follows the same function B(1+pT

2/b)-n used
in Drell Yan [Ito, et al, PRD23, 604 (1981)] .
Fit to Au+Au is [A e-pT/T + 〈TAA〉 Bpp(1+pT

2/bpp)-npp].
Significance of exponential (thermal?) is > 3 σ.
Temperature of medium is > fitted T(MeV)

PRL104(2010)132301



Oberwolz-August, 2012 M. J. Tannenbaum   64/64

• first and only J/Psi cross section measurement for all pair pT ≥ 0 at a hadron
collider, until PHENIX at RHIC [PRL 92 (2004) 051802]   and CDF [PRD
71(2005) 032001 (15 years after their first publication)]

Recap of discoveries and techniques from the CERNRecap of discoveries and techniques from the CERN
ISR in 1972-1982ISR in 1972-1982

G. Giacomelli and M. Jacob, Phys. Rept. 55 (1979) 1-132
M. Jacob and K. Johnsen, CERN Yellow Report 84-13

• The rapidity plateau. (Not discussed in this talk. )
• Hard scattering in p-p collisions via particle production at large pT which proved
that the partons of DIS strongly interacted with each other. xT scaling measurements
to find the underlying physics.

• direct photon production

• direct lepton (e±) production from the decay of (unknown at that time-1974)
particles composed of b and c quarks.

• Proof using same-side and away side two particle correlations that high pT

particles in p-p collisions are produced from states with two roughly back-to-back
jets which are the result of scattering of constituents of the nucleons as described
by QCD, which was developed during the course of these measurements.
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The ENDThe END
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