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445 1971445 1971
%.M.4erman, J.D.4;or=en and J.4.5o?ut, ABys. EeF. !", 00GG H1971I

J 445 calculated Mor NON collisions, tBe inclusiFe reaction

                      A"#$!%$"$&     PBen Narticle %$Bas NTQQ 1 ReS/c

J TBe cBar?ed Nartons oM D"% #$%&'%()&&*+'*,*(&+-#)./*&0(),,1''()*+)$,a.$/0

1*0(02$a3$a$,-2*+'3-$/4$45$6)0$70a8$+7433$30+6*45$a6$8a790$:;<=
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445 1781445 1781
%.M.4erman, J.D.4jor=en and J.4.5ogut, PBCs. Eev. !", 33GG H1781I

J 445 calculated for pOp collisions, tBe inclusive reaction

                      !"# !C " &     PBen particle C Bas pTQQ 1 GeV1c

J TBe cBarged partons of D"% #$%&'%()&&*+'*,*(&+-#)./*&0(),,1''w)ic) ,-y be

viewed -s - ,-2*+'3-$/4 on t)e re-l cross section -t l-r9e p;<=
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CC5 at the CE5N-I%5CC5 at the CE5N-I%5
Discover@ of highDiscover@ of high p pTT  production in p-pproduction in p-p

E e-6pT breaks to a power law at high pT with characteristic !s dependence

E Large rate indicates that partons interact strongl@ JKK EML with other,

E Data follow BBN-BBO scaling but with n=8RS not n=0 as eTpected for UED

 V,W, BusserS et al.,

CE5NS ColumbiaS 5ockefeller

Collaboration

 Ph@s, Lett, !"#S 0Y1  J1[Y3L

Bj scaling " BBN scaling "
BlankenbeclerS Brodsk@S Ounion

%caling PL !2#S 061 J1[Y2L
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n3n344TT, , !!s7 89:;% ns7 89:;% n""<=4<=4????

%ame @ata B@C#/@DC34T7   ln-ln Dlot

HCJK CaLalan, Meer, ;oNut, %ussOin@,

P:!"", QQ99 3Q97<7
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%tatus of "%8 sin9le particle%tatus of "%8 sin9le particle

measurements =97?measurements =97?

@ Aard-scatterin9 Das visible botF at "%8 and and FHAJ KFiLed Tar9et Ener9iesN

by sin9le particle inclusive production at lar9e pTP2-R SeT/c

@ %calin9 and dimensional ar9uments sFoDed tFat tFe partons of D"%  interacted

DitF eacF otFer mucF more stron9ly tFan electroma9netically, but DitF nW4++,

cFaracteristic of sin9le-pFoton eLcFan9e, as in coulomb scatterin9 or ZJW= 9luon

eLcFan9e[. ELperimenters turned tFeir attention to measurin9 tFe predicted di-jet

structure of tFe Fard-scattered parton-pair usin9 tDo-particle correlations.

@ TFis confi9uration Das found but it Das discovered by tFe eLperimenters KDitF

some Felp from Feynman, Field and FoL, ]H^_ =2?,= K=977N`N tFat tFe jet-pair

Das not eLactly back-to-back in abiumtF but Fad a net transverse momentum

imbalance, called cpTpairPW!2 ckTP. FFF defined ckTP as tFe avera9e transverse

momentum of a duark inside its parent Fadron.

@ "t Das also discovered tFat kT is DFat made nW4++"nW?, ZkT smearin9[, and

tFat ckTP Das not constant i.e. not Zintrinsic[ but varied DitF pT and !s.
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%tatus o7 QC: T;eor< in 1>?0%tatus o7 QC: T;eor< in 1>?0

@ T;e 7irst modern QC: calculations and predictions 7or ;ig; pT

single particle inclusiFe cross sections including non-scaling and

initial state radiation Has done in 1>?0 .< -, I, JHens, L, Me<a,

M,GlucO, PM: !", 1501 R1>?0S, T:etailed Uuantum-cnromod<namic

predictions 7or ;ig;-pT processes,V and -,I, JHens, -, :, Wimel, PM:

!", 3313 R1>?0S, TParton-transFerse-momentum e77ects and t;e

Uuantum-c;romod<namic description o7 ;ig;-pT processesV,

@ T;is HorO Has closel< 7olloHed and corro.orated .< Ie<nman,

Iield, IoY PM: !", 3320 R1>?0S, TQuantum-c;rod<namic approac;

7or t;e large-transFerse-momentum production o7 particles and [ets,V

@ HoHeFer it tooO until 1>02 7or t;e HLP communit<  to .elieFe in

[ets, .ut t;at]s anot;er stor<,
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4elations9i: to ;"%4elations9i: to ;"%
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4&lation89i: to in;l/8i<& 9i=9 4&lation89i: to in;l/8i<& 9i=9 ::##  :rod/;tion:rod/;tion

in in 9adron 9adron ;olli8ion8;olli8ion8
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!!a.a.55cos cos ""!!9 and %pin Asymmetry --9 and %pin Asymmetry --

@undamental predictions of @undamental predictions of CCDDEE
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5ATA7 88O: ;P= 20?@ 28B C0?82D

Paris0?82-first measurement of J85Paris0?82-first measurement of J85

subKrocess subKrocess anMular distribution usinManMular distribution usinM

!!00--!!00 correlations correlations

JJ8855
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JJ8855
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5verything you want to =now about J5TS can5verything you want to =now about J5TS can

be measured with 2-particle correlationsbe measured with 2-particle correlations--EFT

CCFR, A.L.S.Angelis, et al

Phys.Lett. 9"#, 163 (19P0)

PhysicaScripta 19, 116 (1979)

pTt S 7 GeV/c vs pT

Vrom RHIC97--HP04-CVREC05
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E6eryt9ing you <ant to =no< about JETS canE6eryt9ing you <ant to =no< about JETS can

be measured <it9 2-particle correlationsbe measured <it9 2-particle correlations--NFT

CCFR, A.L.S.Angelis, et al

P9ys.Lett. 9"#, 163 (19P0)

P9ysicaScripta $9, 116 (1979)

pTt > 7 GeV/c 6s pT

From RHIC97--HP04-CFRNC05
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The leadin8-particle effect a.>.a. tri88er biasThe leadin8-particle effect a.>.a. tri88er bias

@ Aue to the steeply fallin8 poDer-laD spectrum of the scattered partons, the

inclusive particle pT spectrum is dominated by fra8ments biased toDards lar8e z.

This Das unfortunately called tri88er bias by M. Jacob and P. Landshoff, Phys.

Rep. 48C, 286 (1978) althou8h it has nothin8 to do Dith a tri88er.

Pra8ment spectrum 8iven pTt is

Dei8hted to hi8h "t by "t
n-2
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0 4a+ti6le 8o++elations0 4a+ti6le 8o++elations

;<=

>+o., t?at @o/ maAe a Bet

Cit?        C?i6? D+agments

to a ! Cit? FtG4Tt1

! p Tt

! p #$

>+o., t?at  aCa@ Bet

Cit?        D+agments

to a ! Cit? FaG4Ta1 ! !"#$

!"!"#$

H44ea+s to .e

sensitiIe to aCa@

Bet J+ag, Jn,
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How we found the problem in PHENIXHow we found the problem in PHENIX

Following FFF and CCOR PLB!"(1980)163-168 we were trying to

measure the net transverse momentum of the di-jet (<pTpair>= !2 x <kT>)

• jT is parton fragmentation transverse momentum

• kT is transverse momentum of a parton in a proton (2 protons)

• xE=-pT!pTt/|pTt|
2 represents away jet fragmentation z

• pout is component of away pT perpendicular to trigger pTt

xE pTt

pout=pT sin"#

pTt pT

We needed <zt> to solve for kT. Tried to get it from xE dist.
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5ow we found the pro.=em in >5?@"A5ow we found the pro.=em in >5?@"A

Bo==owinC BBB and DDEF >GH9"IJKL4MJ31-J3L we were tryinC to

measure the net transQerse momentum of the di-Ret ISpTpairTU !0 V SWTTM

X RT is parton fraCmentation transQerse momentum

X WT is transQerse momentum of a parton in a proton I0 protonsM

X V?U-pT!pTt2YpTtY
0 represents away Ret fraCmentation Z

X pout is component of away pT perpendicu=ar to triCCer pTt

V? pTt

poutUpT sin"#

pTt pT

We needed SZtT to so=Qe for WT, Tried to Cet it from V? dist,



!"# %&'()*+ !, -, #*))&).*u'   23230

567 7& 86u)9 :;& <+6.=&' () >5?@"A567 7& 86u)9 :;& <+6.=&' () >5?@"A

B6==67()C BBB *)9 DDEF >GH!"IJKL0MJ33-J3L 7& 7&+& :+O()C :6

'&*Pu+& :;& )&: :+*)PQ&+P& '6'&):u' 68 :;& 9(-R&: IS<#<*(+TU !2 V SW#TM

X R# (P <*+:6) 8+*C'&):*:(6) :+*)PQ&+P& '6'&):u'

X W# (P :+*)PQ&+P& '6'&):u' 68 * <*+:6) () * <+6:6) I2 <+6:6)PM

X V?U-<#!<#:2Y<#:Y
2 +&<+&P&):P *7*O R&: 8+*C'&):*:(6) Z

X <6u: (P [6'<6)&): 68 *7*O <# <&+<&)9([u=*+ :6 :+(CC&+ <#:

V? <#:

<6u:U<# P()"#

<#: <#

\& )&&9&9 SZ:T :6 P6=Q& 86+ W#, #+(&9 :6 C&: (: 8+6' V? 9(P:,



!"#$%&'()*+ !,$-,$#*))&).*/'$$$01234

5(6$5(6$778$8$9(:6+(./6(;):$6;$<;+'$;<$=>?@$/:&9$.A$B8C9(:6+(./6(;):$6;$<;+'$;<$=>?@$/:&9$.A$B8C
'&*:/+&'&)6:$.A$()6&D+*6()D$'&*:/+&'&)6:$.A$()6&D+*6()D$8E$8E$>F@$)/'&+(G*HHA>F@$)/'&+(G*HHA

!(#)%e'p()*+#)

!(#)%e'p()2+#)

I<6&+$'*)A$G;)J&+D&)G&$9(<<(G/H6(&:K$6L;$J*:6HA$9(<<&+&)6$<+*D'&)6*6(;):$$</)G6(;):$6+(&9!M;
&<<&G6$;)$G*HG/H*6&9$78$9(:6+(./6(;):NNN!(O&K$G*)$A;/$GP&GO$6P(:$*)*HA6(G*HHAQR



!"T$S&'()*+ !,$-,$T*))&).*/'$$$01234

A'*6()789:$"$;</8=>$*)=$7<?$*$)&*?$+&@/8?A'*6()789:$"$;</8=>$*)=$7<?$*$)&*?$+&@/8?

T*A&B

C@()7B DE&+&$!F*:4GH$!F*GHF*IJG$!F*G$

FJG

F0G



!"#$%e'(nar !,$-,$#annen.a/'$$$01213

#4e$5(na6$re7/68#4e$5(na6$re7/68

94ere$:2.!;'<!.$(7$84e$'ean$=4ar>e?$'/68(@6(=(8y$(n$84e$Be8



!"# %em(na+ !, -, #annen.a/m   01234

5h7 de9endence on the5h7 de9endence on the =+a> =+a>, =n, ?an(shes, =n, ?an(shes

A #he onl7 de9endence on the f+a>mentat(on f/nct(on (s (n the

no+mal(Dat(on constant E2. Fh(ch eG/als HmIJ the mean m/lt(9l(c(t7

(n the aFa7 jet f+om the (nte>+al of the f+a>mentat(on f/nct(on,

A #he dom(nant te+m (n the LM d(st+(./t(on (s the Na>edo+n f/nct(on

O                      so that at f(Led 9#t the LM d(st+(./t(on (s 9+edom(nantl7

a f/nct(on onl7 of LM and th/s eLh(.(ts LM scal(n>J as o.se+?ed,

A #he +eason that the LM d(st+(./t(on (s not sens(t(?e to the sha9e of the

f+a>mentat(on f/nct(on (s that the (nte>+al o?e+ Dt (n PQJ 0R fo+ f(Led 9#t

and 9#a (s act/all7 an (nte>+al o?e+ jet t+ans?e+se moment/m  ,,    ,

NoFe?e+ s(nce the t+(>>e+ and aFa7 jets a+e alFa7s +o/>hl7 eG/al and

o99os(te (n t+ans?e+se moment/m P(n 9S9RJ (nte>+at(n> o?e+ O

s(m/ltaneo/sl7 (nte>+ates o?e+ O  , #he (nte>+al (s o?e+ DtJ Fh(ch

a99ea+s (n .oth t+(>>e+ and aFa7 s(de f+a>mentat(on f/nct(ons (n PQR,
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5h yes--:;<N"> 5h yes--:;<N"> !!oo - h - h!!    correlation functionscorrelation functions
pEp pEp ""sF244 sF244 GeHGeH: : :RK :RK !4!4, 4M2442 N2443O, 4M2442 N2443O

d"#u

#N  $ %jT&   (et +ra.mentation trans4erse momentum-measure directl8

#9  $ %kT&  parton trans4erse momentum-more complicated.

Corrected for acceptance

#-

#.
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Results RMS Results RMS kkTT  in p+p @ 200 in p+p @ 200 GeVGeV

Main contribution to the systematic errors comes from

unknown ratio gluon/quark jet => D(z) slope =><m>

ISR

PHENIX
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DiscussionDiscussion

ApplicationApplication
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A very interesting formulaA very interesting formula

measured Ratio of jet transverse momenta
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Shape of Shape of xxEE  distribution depends ondistribution depends on

and and nn but not on  but not on bb

ˆ x 
#

! ! 
#

1.0

0.8

0.6

0.4

0.2

! ! !.#
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Does the formula work=Does the formula work=

 >?@A"B pDp

>ED !", 072002

(2006)
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"t 6or89 for ;<=N"? @A@ ;BC "t 6or89 for ;<=N"? @A@ ;BC !"!"D 4EF44FD 4EF44F
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%#56 789:&; <8*< <8& *:*= >&< +&*??= ;(;)%#56 789:&; <8*< <8& *:*= >&< +&*??= ;(;)@@<<

A*)(78BB(< >/7< ?97< &)&+C= *); :(;&)&;A*)(78BB(< >/7< ?97< &)&+C= *); :(;&)&;

%#56BD6E!"FG440H4IG04J

JK L#<K 3 M&N2O  GKL#*KL#<

P8QL#*2L#<R4,1

%#56BD6E!#FG441HS1G04S

JK L#<K 3 M&N2O  4,S1KL#*KJ M&N2O

P8QL#*2L#<R4,4J
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No6 788l: No6 788l: E<E<. #o =S#7R? 7u@7u daBa. #o =S#7R? 7u@7u daBa

S#7RC -. 7damsC Eu<(a)F Ga)FC &B al  PRI 9"C 1KL331 =L33K?

4 N 8#B N 1 O&P2c N8#BR=4.K1 O&P2c 88C  7u7u !sNN=L33 O&P
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"t works for ST;< p>p and@"t works for ST;< p>p and@

  aA B means data normaliDed to aEree

with hep-ex/060I039-K<L 74, 012002 bA
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$$$$$$$54,61
7(896,4:*8*94,3;/;/44<4=

$$$$$$$$54,7=7(891,7=:*8*94,3;/;/64<14

$$$$$$$51,47(891,4:*8*94,3@A@ ! ! 
#

! ! 
h

! x 
h

%#;B$;/A;/<<CD&*+$&77&E8$F(8G$E&)8+*D(8H%#;B$;/A;/<<CD&*+$&77&E8$F(8G$E&)8+*D(8H
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DVJJ$F(8G$:(J8*)E&$8+*W&+J&:$()
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5&6&+ %#78 9*:* 5&6&+ %#78 9*:* 7/7/7/7/; ; )/<=)/<=>&?2434@4AB>&?2434@4AB

B C D#: C AE F&G2<  CD#:HI1,0B F&G2<

#J*)KL :M N*) !*O&L:+M PM+ :*.=& MP 9*:* DM():L

%#78Q -, 79*'LQ N, !*O&L:+MQ &: *=  R8S !"Q A3T04A UT443V
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STA56STA56nu78nu78-e:/060001<=  di??ers ?rom-e:/060001<=  di??ers ?rom

STA5 6B5L9E= in norma8iFation and SHABISTA5 6B5L9E= in norma8iFation and SHABI
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5orma7i8e 064019 to PRL9? by eye5orma7i8e 064019 to PRL9? by eye
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STA6 0600018 STA6 0600018 AuAu AuAu central <latter t=ancentral <latter t=an

>H@A"B 0605039 p+p <or >H@A"B 0605039 p+p <or HH@@I0.5JI0.5J

Can still <it, but curNes too <lat H=I1, but still decreases Pit= increasinQ centralitR

!orm (data) !orm fit     hat./h

0ata10.6      5it10.500   1.300

0ata10.6      5it10.350   1.200

0ata10.6      5it10.300   0.850
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4 Nice 7fit: of 1/=1>y@nAB,1with                      to PHENIX hep-ex/060L03N

=POP 70R 07S00S@ and POU73V and %#AO POXNL xE distri.utions, Zut

%#AO nucl-ex/060001B-POXN7 d>Au much flatter than PHENIX d>Au

POU73R0L0N03 =S006@ in same p#t range,

4 Zoth %#AO Au>Au measurements show a decrease in the ratio of the

trans]erse momentum of the away ^et relati]e to the trigger ^et with

increasing centrality, _or .oth data sets      decreases .y a factor of `S

from p>p =dAu@ to Au>Au central collisions, !uch more info than IAA,

4New %#AO 7punchthrough: data has much too flat shapeR an apparent

sharp .reaaR and disagrees in normalibation with %#AO POXNL,

4 Uomparison of two %#AO data sets would .enefit .y going lower in p#a

=b#@ for the data of  nucl-ex/060001B to see whether slope is really

steeper at low b#R with dramatic .reaa and =unreasona.le in my opinion@

flattening of the b# distri.ution for b# ! 0,L

Uonclusions-IUonclusions-I

! !"
#
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5HENI9 :!;443<5HENI9 :!;443<JJia JJia Cu+CuCu+Cu

       ?4,1@
AitC4,@dataCE,4CuCu44<;4

        ?4,@4AitC4,@dataCE,4CuCu34<FG

       ?4,G4AitC4,1dataCE,4p+p ! ! 
#

! ! 
#

! ! 
#

!4 IpTtJ1 GeL2cN<<h!
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ConclusionsConclusions

• ;ot= t=e ST>? data (FC.Dang) and PHEJIK CM2006 data

nicelM ex=ibit t=e xE/       scaling in t=e range 0.2 <xE<0.6 as t=e

dominant feature. T=us, in mM opinion, t=e simple scaling formula

adSusted to fit t=e data in t=e range 0.2 <xE<0.6 is a simple and

elegant TaM to c=aracterize t=e xE distributions in >V> collisions

T=ic= gives a quantitative estimate of t=e relative energM loss of

aTaM-Sets triggered bM a =ig= pTt =adron (e.g. !0).

• T=is is a decent estimate of t=e energM loss of Sets passing

t=roug= t=e medium since trigger Sets are Zsurface biased[ due to

an effect similar to Ztrigger bias[--Sets emitted closer to t=e

surface T=ic= =ave not lost energM are favored over Sets emitted

deeper in t=e medium Tit= =ig=er      T=ic= =ave lost energM.

• Help on t=is issue from t=eorists Tould be appreciated.

! x 
h

ˆ x 
h

ˆ p Tt
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If time permitsIf time permits

perhaps the mostperhaps the most

interesting resultinteresting result

from QM2006from QM2006

PHENIXPHENIX
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This could be the biggest result at QM2006This could be the biggest result at QM2006

QM2006-QM2006-

pp dir pp dir !! reference is run 5  reference is run 5 msmtmsmt

If RIf R""
AAAA= R= R!!

AA AA the wholethe whole

concept of energy loss changesconcept of energy loss changes

QM2005QM2005

-I wanted to make a T-shirt-I wanted to make a T-shirt

pp dir pp dir !! reference is  reference is pQCDpQCD

RAA (pT ) =
d
2
Y
AA
/dpTdy

TAA d
2! NN

/dpTdy

TAA = Ncoll /! inel.
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Au+Au collisions at 200GeV

RAA is absolute,  v2 is relative

L! =  distance from edge to center calculated in Glauber model

Little/no energy loss for L! < 2 fm

0-10%

50-

60%

nucl-ex/0611007

(submitted to Phys. Rev. C.)

RRAAAA  ""00  vs. Reaction Plane-learn something new!vs. Reaction Plane-learn something new!

L!
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RHIC-PHENIX year-5RHIC-PHENIX year-5

direct photon cross-sectiondirect photon cross-section

• PHENIX Year-5
preliminary result.

• pT region is extended up to
24GeV/c.

• Good reference for the
evaluation of nuclear effect
for high-pT direct photon
production at RHIC.

q

qg

!

q

q g

!

isolated
photons

Compton

Annihilation

small-ignore
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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

!

q

q g

!

isolated
photons

Compton

Annihilation

small-ignore

Compton distribution is much flatter than scattering and peaked backwards from gluon

Substitution and Jacobean gives:
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A Brief History of the EMC effect.A Brief History of the EMC effect.

A1.00

M.May, et al, PRL 35 (1975)

407. Plot is online result shown

by Gabathuler at Electron/Photon

1973
EMC, J.J.Aubert, et al, PLB

123(1983) 275-278

NMC, M.Arneodo, et al,

NPB 481(1996) 23-39

note disagreement
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Direct Direct !! is is““EMC effectEMC effect”” for gluons for gluons    

Consistent with 1 ! No modification within the error

This is first measurement of ‘EMC effect’ for gluons

Nuclear Modification Factor-Min Bias

Eskola, Kolhinen, Vogt hep-ph/0104124

x    pT(RHIC)     pT (LHC)

0.02    2 GeV/c   60 GeV/c

0.002  0.2 GeV/c  6 GeV/c

Rg

A
(x,Q

2
)=

100 xT
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For Au+Au min bias RFor Au+Au min bias RAAAA is also simple is also simple

100 xT

Au+Au minimum bias

Do the structure function ratios actually drop

by ~20% from x=0.1 to x=0.2?

Eskola,Kolhinen,Ruuskanen

Nucl. Phys. B535(1998)351
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Central Collisions---no theory counterpart-yetCentral Collisions---no theory counterpart-yet

Au+Au Central Collisions

Nobody has seriously measured nor calculated

structure function ratios as a function of centrality!!!

Theorists, HELP!

100 xT

Very few attempts so far for structure

function measurements or theory as a

function of impact parameter:

E665, ZPC 65, 225 (1995)

Li and Wang, PLB 527, 85 (2002)
Klein and Vogt PRL 91, 142301 (2003)

Emel’yanov, et al. PRC 61, 044904 (2000)

and references therein.

Experimentalists:

RHIC p+A, eRHIC
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What I still donWhat I still don’’t understand-It understand-I
After 6 runs at RHIC, many discoveries have been made in Au+Au collisions but

there is much that is still not known or understood:

• Is the nuclear modification factor RAA for !0 really constant at a factor of 5

suppression over the range 3< pT< 20 GeV/c which would occur for a constant-

fractional energy loss analogous to bremsstrahlung, or does the suppression tend to

vanish at larger pT? Is dE/dx constant or a constant fraction or something else?

• Does RAA for direct-" really approach that of !0 at large pT~20 GeV/c as indicated

by preliminary data? If true this would argue that the suppression due to a medium

effect vanishes at large pT> 20 GeV/c and the effect observed is due to the structure

function. If this is confirmed, it would be VERY BAD for LHC.

• The detailed mechanism of jet suppression due to interaction with the medium is

not understood. It is not known whether partons lose energy continuously or

discretely, whether they stop in the medium so that the only observed jet fragments

are those emitted from the surface or whether partons merely lose energy exiting the

medium such that those  originating from the interior of the medium with initially

higher pT are submerged (due to the steeply falling pT spectrum) under partons

emitted at the surface which have not lost energy. In either case, there is a surface

bias.
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• The reason why heavy quarks appear to lose the same energy as light quarks is

not understood.

• It is not known whether a parton originating at the center of the medium can exit

the medium without losing any energy.

• It is not known where the energy from the absorbed jets or parton energy loss

goes or how it is distributed.

• The surface bias discussed above complicates the use of two-particle correlations

of hard-scattered partons to probe the medium since detecting a particle from an

away-side parton changes the surface bias of the trigger parton. This means that

detection of both a trigger and away side particle is required in order to constrain

the hard-scattering kinematics and the position of the origin of the hard-scattered

parton-pair within the nuclear matter. Then, the main correlation information with

relatively stable kinematics and origin is obtained by studying correlations with an

additional 1 or two particles, i.e. a total of 3 or 4 particle correlations, which is

much more complicated and requires much more data than the same studies in p+p

collisions.

What I still donWhat I still don’’t understand-IIt understand-II
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• The baryon anomaly, the increase of the p±/!± ratio in the range 2<pT <6 GeV/c in

Au+Au collisions from the value given by parton-fragmentation in this pT range in

p+p collisions, is not understood. Elegant recombination models fail to explain the

similar jet activity  correlated to the p and ! triggers in this “intermediate” pT range.

• The wide away-side non-identified hadron correlations for triggers in the

intermediate range 2<pT <6 GeV/c in Au+Au collisions, with a possible dip at 180o

which causes apparent peaks displaced by  ~60o, is not understood. It could

represent a Mach cone due to the analogy of a sonic-boom of the parton passing

through the medium faster than the speed of sound, or it could indicate jets with

large deflections. The effect may be related to the baryon anomaly, which occurs in

this pT range; or the peaks, which are seen also for much softer trigger particles,

may not be a hard-scattering effect.

• The ridge is not understood. What causes it? What are its properties?  How does it

depend on pTt, angle to reaction plane etc? Why isn’t there an away-side ridge?

• Finally, J/" suppression, which for more than 20 years has represented the gold-

plated signature of deconfinement, is not understood.

What I still donWhat I still don’’t understand-IIIt understand-III
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NA50 at SPS (0<y<1)

PHENIX at RHIC (|y|<0.35)

Bar: uncorrelated error

Bracket : correlated error

Global error = 12% is not shown

• RAA vs. Npart

! NA50 at SPS

•  0<y<1
! PHENIX at RHIC

•  |y|<0.35

J/J/!! Suppression--R Suppression--RAAAA

PHENIX mid-rapidity (e+e-) the same as NA50!!!PHENIX mid-rapidity (e+e-) the same as NA50!!!


