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(MY) HISTORY OF PHOBOS

* CANNOT DO THIS BETTER THAN WIT/

* I MET MANY PHOBOS COLLEAGLIES HERE AT MIT IN
1992, AS YALE UNDERGRAD BEFORE STARTING AT MIT
IN 1993 (20 YEARS AGO...)

* S/GNED ON AS A STUDENT FOR "PHOBOS®AGBS”

* FOR MY THESIS, I HELPED BLUILD AND COMMISSION PAD
DETECTOR FOR WAQ8 TO MEASLIRE DCC’S

* IN 1998, WIT TOLD ME TO GO AWAY...AND COME
BACK LATER

* AND I DID, TO PHENIX, WORKING FOR BRIAN

* RETLURNED TO PHOBOS JUST IN TIME FOR FIRST
PHYSICS IN SUMMER OF 2000...
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FIRST COLL/SIONS...

JUNE 13, 2000 mm

* EVEN ON THE FIRST NIGHT OF COLLISIONS SAW

* MACHINE AND DETECTOR WORKING WELL
* PADDLE ADC SUMS (3<ETA<Y.5) FAMILIAR FROM SPS
DATA (WE WEREN'T CALLING IT “GLALUBER” JUST THEN)



...TO FIRST RESLLTS/

2.5 - 0.25 In(s) + 0.023 In%(s)

n 4k
2 o
- B
V 3
Lq .
=3 B
AN 2— Q ® PHOBOS Au+Au
= _ O NA49 Pb+Pb data
E 1'_ [0 UAS5 pp (NSD)
% - A CDF pp (NSD)
- % HIJING model Au+Au
0 1 1 1 1 ' B
10° ., 10°
s “(GeV)

IMMEDIATELY CLEAR THAT HI IS MORE
EFFECTIVE AT PRODLCING PARTICLES
NEAR MID-RAPIDITY THAN PP
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...TO FIRST RESLLTS/

JULY 19, 2000

* BONDING EXPERIENCE FOR OLIR SMALL GROLIP

* RAISED OLIR PROFILE IN HI COMMLNITY
* WAS A LOT OF FLIN (IF EXHALISTING) FOR OLIR SMALL
COLLABORAT/ION

* “FAST PUBLICATION” IS STILL WITH IS @ LHC
* ALL LHC EXPERIMENTS HAVE HAD THEIR CHANCE BY NOW!
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PROTON CALORIMETER
SPECTROMETER TRIGGER
START COLNTERS
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MORE CALORIMETRY
INCREASED DA® RATE
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LOTS OF DISCLSSIONS

- ENCOLIRAGED!
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OLR FIVE YEAR MISSION

* TOPICS EXPLORED IN THE NEXT 5 YEARS

* v MULTIPLICITY VS. CENTRALITY & SYSTEM
* Ut DIRECTED & ELLIPTIC FLOW VS. ETA, PT & CENTRALITY
* PARTICLE SPECTRA NEAR ETA=0 VS. CENTRALITY AND

SYSTEM
* CORRELATIONS, INCLUSIVE & TRIGGERED

* PRIORITY #1 WAS TO MAKE CORRECT MEASLUREMENTS

* HOWEVER, WE HAD A LOT OF FLN TRYING TO FIGLIRE
OLUT EMPIRICAL “"RULES” TO HELP DESCRIBE THE DATA

AS EFFICIENTLY AS POSS/BLE
* STRIVED TO BE DATA-DRIVEN W/ MINIMAL DEPENDENCE
ON THEORY

HOW HAVE WE DONE, WITH LHC DATA:
A HUGE INCREASE IN CM ENERGY?Z

159)



MULTIPLICITY @ ETA=0

| @ ATLAS Pb+Pb 0-6% .
T ¥¢ ALICE Pb+Pb 0-5% (shifted)
S | O CMS Pb+Pb 0-5% (shifted) _
pd V¥V PHOBOS Au+Au
< 10— m SPSPb+Pb —
o | A AGSAu+Au n
L ¥ ALICE p+p (inel. & NSD) o) 33
— — 0 ATLAS p+p P —
QE - A CMS p+p (NSD) |
2 [ g ropee P
55— ... Landau-Carruthers B % ]
— ---- ALICE power-law v Ry —
| —— Log extrapolation 4 ﬁ:]: é ]
- e H ATLAS _
u TP oo A Pb+Pb |s\\=2.76 TeV
O L1 Ll Pl Ll
1 10 102 10° 10*
Is and | s, [GeV]
PHOBOS NOTICED THE LOGARITHMIC — } |iEZs
DEPENDENCE IN SUMMER 2001. —=> 30 EE * :
WIT REASONABLY PREDICTED F. . I
IT WOLLD HOLD AT HIGHER ENERGIES... |
NATLIRE HAS ITS OWN IDEAS/ L

16




CENTRALITY DEP. @ ETA=0

* IN THE EARLY DAYS, LOTS OF D/SCLISSION OF
WHAT CONTROLLED THE CENTRALITY
DPEPENDENCE NEAR ETA=0

* TWO MAIN CONTENDERS:

* SATLURATION PHYSICS

* E£.6. Npapr,OG(Nparr)
* TWO COMPONENT

=

- v PHOBOS (Glauber from HIJING)

w
a1
T | T

dN_, /dn/((N,)/2)
w

B PHOBOS [1]
® pp [2]

("SOFT+MINITET”) MODEL ' L v [

N
a1
T | L

* ~Npp (XNcorr+(1-X)Npar7/2) 2:6 100 2(;HWNG3Z]0 N 400
* ENERGY DEPENDENCE

HELD OUT PROMISE OF OFFERING INSIGHT

* HIGHER ENERGIES SHOLLD INCREASE “"MINITET”
CONTRIBUTION
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YFACTORIZAT]

dN,, /AN, /2)
w
T | T T T

N}
T | T

1.21§—
115
L1oF
©0.9F
0.8F
0.7F

TWO-COMPONENT MODEL
SLUGGESTS THAT THE
"MINIJET” CONTRIBLTION

SHOULD INCREASE W/ ENERGY DETA IS INVARIANT

(E.G. HITING)

[
Cu+Cu

2

part
W
I

dN,,/dn/N

Data/Fit

50
(Noar

DATA HAVE ALWAYS

SLUGGESTED OPPOSITE:

THE CHANGE IN DN/
WITH BEAM ENERGY

N” IN A+A

f(s) =0.0147(Ins)* + 0.6
9(Npars) = 1 + 0.095N.73,

Ratio

2.2

2.0

1.8

9.6 (Jt\u Au‘ 1) ‘ ‘
L oore. (AU+AU 2) i
2.4 © Ryppnes (PHP)
| — saturation Model
-- Hijing (1.3
''''' Component Fit
[ G ‘ ! ‘ ! ‘
0 100 200 300 400

part
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FACTOE/ZA T/ON @ LHC

) W77 T =
z 8F ¢ d & ¢ b B B
= _E $ &0 -
_r BE %* % S =
5 5E 7 =
~c — \Z/Q 6;— % + _ =
s 4 _Est é# e 1 =
3 ® ATLAS Pb+Pb 2.76 TeV S 4f %{) 1 =
DE- % ALICE Pb+Pb2.76 TeV S ok =
= O CMSPb+Pb2.76 TeV 002030 40 50 60 =
1E= O RHIC Au+Au 200 GeV (x 2.15) <Npart> —
:I T T e e e e e l ]
OO 50 1 OO 1 50 200 250 300 350 400
<Npart>

ATLAS

GOOD AGREEMENT BETWEEN LHC EXPERIMENTS,
BUT AMAZING AGREEMENT OF CENTRALITY
DEPENDENCE WITH RHIC DATA (X 14 IN BEAM ENERGY)

CALBEIT WITH A HINT OF A STRONGER INCREASE
AT THEEHE)
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FACTORIZATION @ RHIC

:
S
. | preliminary

) parl.l dEden
=

J Ly it

| Wﬁ

| A 2.76 TeV Pb+Pb, ALICE & 2,76 TeV Pb+Pb, ALICE

-V 2.76 TeV Pb+Pb,ATLAS u B 200 GeV Aut+Au, PHENIX x 2.6
2— H®W 200 GeVAu+Au,PHENIXx2.13 ® 7.7 GeV Au+An. PHENIX x 9.7
077 GeV Au+Au, PHENIX Preliminary x 7.75 ’

0.5N

1/(
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=N
g
= =u
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—
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| | | | | | | | | | | | | | | | | | | |
0
N400 0 100 200 300 Nﬂ»ﬂﬂ
part part

THE SCALING PERSISTS OVER A FACTOR OF
2760/7.7 = 358[/!] IN CM ENERGY .
SLIGBESTS ENERGY IS NOT A FACTOR: GEOMETRY?

THANKS TO J. MITCHELL




PHOBOS = L/Tr SINGLE EVENT AT

130 GEV

* PHOBOS WAS BLUILT
SUCH THAT NEARLY ALL
CHARGED PARTICLES
EMITTED IN ALL PHASE
SPACE REGIONS WOLLD
BE VIS/BLE

adian)

¢ (Rad
e e ile A i D
FrTT T 7T TTTTTTT T T T T T T T T T TTTTTTTT

* LEGACY OF WIT’'S | e
EXPERIENCE WITH :
PROTON+NLICLELIS

* "WOLINDED NLICLEON
SCALING” WAS ALWAYS
FOR Hmt MULTIPLICITIES
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FULL ACCEPTANCE dN/dn

n r-rr-rr= ==t N i ® PHOBOS 200 GeV
e d+ Au Minimum Bias 2 fu+£;éce$6/°)_ H A O UAS5 (pp) NSD
= PppNSD(UAS) Z 4.4 . A ALEPH (e*e) prelim.
- — ~ O PHOBOS 19.6 GeV
AAAAAAAAAAAAAA 'O: B ] Woods-Saxon-like Fit
o © .
N\ P
o q?*ﬂ:’ql $ob
< * po 0 I
= A ! i > |
o) XS b *%esee,, b O -
\f-, 2~ o '¢¢ ’ ¢¢ N P\_:
2 O 2 T
© A ¢ y ol L \.3.=====:=
A b T - ————————————
1 [ & T 12
Aj, + _ 1?0.“..0000“00..0000‘00...
B © -
= O.B_EDDDDDDDDDDDDDDEIJ [I][I] (b)
| S N A O B 0O 0.6F , , .
5 -4 -3 -2-1 01 2 3 4 5 0 2 4 6 8
ete
N AR (y_ ")

POTENTIALLY MORE INFORMATION ABOLT THE
FULL DYNAMICAL EVOLUTION THAN AT ETA=0:
COMPARISONS OF A+A WITH P+P, D+AlU, E+E-(7)

22




LONGITUDINAL SCALING

* INVARIANCE OF INCLUSIVE YIELDS WHEN
VIEWED IN REST FRAME OF ONE PROJECTILE

5 | | | | | | 5 ' | ' ' |
— . + -
p(p)+p inel /s : i e +e Vs
B _ e 7 o 14 GeV ]
4 < 23.6GeV 4 R ¢ 22 v
R & 308 " v 0 AT o 35 "
I~ " ] B + - "
Fritatey C e o *a o
gL et i ° 62.8 ) | — 3 A = WA . 133 a
: R 4 ++ - >
LS, * e 53 ) o o 161 "
s ++*¢$‘ = 200 :: \'S - oot DAE' ¢ 172 ::
=z wh ¥ b " ¢ 546 ) = ®eej o + 183
O 2 oog 4 900 — © 2— o&o —
e as %
0 ACK R &0 [ ea
2 A<1A<1<1<]<1Q<é§u i olb
N 0*;1@ .
1_ +§g ] 1_ s n
Do%q Q) .Oo
og. 2 -
B e
O | | ! Pro & O | | I ©ulmo |
6 4 -2 0 2 -6 -4 -2 0 2
N"Ybeam yT-yjet

OBEYED APPROXIMATELY FOR P+P AND EVEN E*E- (JETS).
SIMPLY EXPRESSING APPROXIMATE Xr SCALING OF PDF/FFZ
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SCALING /S UB/QUITOLS

/12)

part

dN/dn/(N

[ | T T T | T T T | T T T | I | T T 1 | T T 1 | T T T | T T T |
[ A200 GeV |
4r T +
| 130 aov | Al+AL
3 T, €62.4 GeV ]
i +19.6 GeV |
| a) Au+Au 0-6% ;. 1 b) Au+Au 35-40% ‘”-J'L"‘F'H"H..;ﬁ;_}ﬁ
| | L1 1 . u-l | | 11 1 | L1 1 | |

Ll
06 424 2 0 2

n

e
6 4 -2 0 2

n

LONGITLUDINAL SCALING

FOLND TO HOLD

TO A SLURPRISING DEGREE
IN ALL SYSTEMS STUDIED

APPARENTLY AN INTEGRAL
PART OF STRONG INTERACTIONS

T T | T T | LI | LI | L | LI | L
- a) e 200 GeV (1/1.6)dAu (50-70%)
S -~ p+Emulsion  —
: “M. SN
— 4 Sop 038.7GeV ]
S I 5 023.7 GeV
e [ . 5 e 419.4GeV ]
O 3 | o O A 06)0 —
2 - o WL o bR 011.2GeV T
m}
T | 2o S8 467GV
[ - 0 G ]
2 . .
- @ &
N o 2
B 0 %
1L | .
- S oA <><><> ;}1 -.".
- YIS
0 _I | yoid?);dzki?&@? ‘J\}’? I B B
-10 8 6 -4 -2

1~Ybeam
T

N=4+=Vtaraet
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LONGITUDPINAL SCALING AT LHC

10— 0-5 % A LICE
8_
6_
S 10 10-20 % —— Double Gaussian fit
/\\5 ----- Linear extrapolation
& 8
Z
= 6-
<}
\ﬁ 4_ kA - Y T L B B ey g e
1 A lﬁ—mi-.i-fgi:ié?
% A—A-A-A_ LA T ‘.:?':__
o .
104 20-30 % ALICE 2 76-TeV
B BRAHMS Si 200 GeV
8- LIBRAHMS BB 200 GeV
6 * PHOBOS 200 GeV
APHOBOS 62 GeV
4_ = e W= . W e e W L LS W W = &y
etF il i i 2t T
A—A—A_A—A_A_A_A hhhhhhhh L e
0 . —
-8 7 6 5 -4 3 2 1 0
n= n-yb am

APPROXIMATE SCALING ALSO OBSERVED @ LHC/

(TOTAL MULTIPLICITY OBTAINED LUSING
A DOUBLE-GALISSIAN FIT - WHY NOT LISE PHOBOS DATAZ)
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Neser SCALING

HOW MANY TOTAL CHARGED PARTICLES?

QE 30; __________ H++++ * +++200Gev_f 30:_ % '#'#H] 200 GeV
z é iHH'I' b et 98130 Gev - a 251~ WL %%%%WHE
~ 20+ - g ok 7
Z'f‘:J ;Q fz_ %%%ﬁﬁ%ﬁ%ﬁﬁﬁﬂm 62.4 GeV
o ;m__:;; e 7 o : PR 00t 24020
. sE e e
0 200 400 O <N10> BT —
2002 Noart 2007 Per
HERE, "FACTORIZATION” HOLDS WITHIN EACH SYSTEM,
BECOMES TRIVIAL: IS ~SAME FOR A+A
NO CENTRALITY BUT IS NOT CONTINLOUS
DEPENDENCE WITH D+AL (~P+P):
IN A+A OVER 41 SOMETHING DIFFERENT
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Neser SCALING @ LHC?

180007 o  ALICE Totaln,, ’f %dn ; ALICE
dn @ 3 +
- Z 90
160007 ¢  pPHOBOS 200 GeV Au-Au x 2.87 +
14000 Uncorrelated syst. error 5 + +
) _
= 12000 - Total syst. error - ’52 CHAN.GE|
10000
8000
6000
160 180 200 220 240 260 280 300 320 340 360 380 400

(N,

WITHIN LARGE ERRORS, ~SCALING APPEARS
CONSISTENT WITH PHOBOS OBSERVATION

ON CLOSER INSPECTION, LINEARITY IS VIOLATED
AT 15% LEVEL BETWEEN O-5% AND 20-30%.
MY CONCERN WOULLD BE LIMITING ETA INTEGRAL TO Yseam

27




A CLOSER LOOK

/2)

LA B I B B 1
A200 GeV |

£4f I
-2 | ] U130 GeV |
= 3:- T €62.4 GeV |
S Y +19.6 GeV ;
= | _ _
© o “BEAM

A
T I T T

Al;-“ 1 i_i"’ g J
| a) Au+Au 0-6% [ b) Au+Au 35-40% gz,
1 |1 “--h_%” ]

et llllllllll
LI

0"11111111111 N R A
-6 4 2 0 26 4 -2 0 2

n'= 1N-Ybeam n

JUST FROM STARING AT PLOTS, NOTICED THAT WHILE
1) YIELDS AT ETA=0 INCREASE WITH CENTRALITY,
2) YIELDS AT LARGE ETA DECREASE WITH CENTRALITY

YIELDS IN 4N ARE EVIDENTLY CORRELATED




"SHORT RANGE” CORRELATIONS

(a) p+p 200 GeV (b) Cu+Cu 200 GeV, 0-10% (c) Au+Au 200 GeV, 0-10%

& 5
I An A SIMILAR TECHNIQUE
R(AD, AG) = ((n—1)( Ln (An, A¢) 1 LISED TO FIND THE
? pmlxed (An7 AQb) CMS RIDGE/
(a) CMS«\/s = 0.9TeV (b) CMSy/s = 2.36TeV (c) CMS\/s = 7TeV

//A“
A'/‘v ‘ B A
) AR "“ I N RN
"o'o'z,/"v )/ //‘
A') (/) K/ I'A '\
N

R(AN,A0)

/)

4/,

R(An,A¢)

R(AN,A0)

Y
X/
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P+P VS. A+A

PhyS Rev C75 054913 2007

4 | p+p 200 GeV p+p 410 GeV

PROJECTING ONTO AETA
REMOVES FLOW FROM A+A:
"SHORT RANGE” CORRELATIONS
ARE NOT SHORT —- BUT NOR ARE
THEY EXTENDING FULL ETA RANGE

Phys. Rev. 081 024904 (2010)

B i i i i i i i i I i i i i I i i i i I I i i i i I i i i i I I I i i i i LI
r 40-50% (a) 30-40% (b) 20-30% (c) 10-20% d 0- 10 % (e
4r © 2;”“"" ) Cu+Cu 200 GeV ]
L @)— uster fit & &) .
2( : ‘o RQ G r g 1
2 \ 0 \ P Q 8L
) A £ A V) Q O A 7
or p X D N\ ) \) " A v, N -
(4 \) f) \) v, N
P Q G D @ > ct ()
/-:\ <5 7 T o S » ¢ X
-2 {758 [T g ' 1 ]
(S ——t——— ———————t——— —————t————— ———t——f————— —————t——+——+—
m - 40-50% (f) 30-40% (g) 20-30% (h) 10-20% 1)) 0-10% G
4r Au+Au 200 GeV
| 0 a d gt
- oMo (€T))
2 : ¢ \ ;‘o o\ £ S Y
L 4 ’ \ ), Q d 7 ” O
D Q D Q
or H X r,"o & ":, X ’ ‘ '00 0\“‘ ‘) Q y
”0 0" o CJ ) o @ 8 ,‘!1!77 y 1 ) | LI ¢ Nl
-2) '(s\\\‘““;‘\ I"'"Jmo) l';““ﬁ';:’ il - "'4'77"21“ oo o 1
» 3
L L L 1 1 1 1 L 1 1 1 1 1 1 1
-5 0 5 -5 0 5 -5 0 5 -5 0 5 -5 0 5
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SIMPLE CLLUSTER FITS

CLUSTERS IN P+P & A+A

PHOBOS

cMS PROVIDE REASONABLE
DESCRIPTION OF R(AETA) -
o AND CHARACTERIZE |
¢ Pt MULTIPLICITY (Kere) AND 4 °F
S . WIDTH(S) OF “CLUSTERS”: *,*
- CORRELATED EMISSION |
Kerr(DATADDKere(PYTHIA) |
N 3 (MAINLY RESONANCES)  “I
%o 06l - L %@1.0'—
2 SLOW GROWTH OF
ol EiE Kerr WITH S W/ LITTLE
e CHANGE IN WIDTH
\'s (GeV)

KCA+A)~K(P+P) IN CENTRAL,
MLICH LARGER IN PERIPHERAL/
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PHOBOS AU+Al RIDGE

PHOBOS, PRL 104 062301 (2010)

AFTER V2
SLUBTRACTION

/2 u’%@,‘?fl&l'?{("«‘i‘\'/“" %
P A AN
<N ~A?;¢’\:"‘A‘}?,‘v»

\RSA/
A

(a) p+p PYTHIA (version 6.325) (b) Au+Au 0%-30% (PHOBOS)

WHILE PHOBOS COLULD NOT PROVIDE
Pr DEPENDENCE, THE LARGE ETA COVERAGE
GAVE FIRST LOOK AT THE RIDGE AT VERY
LARGE AETA SEPARATIONS...

... NO END IN SIGHT/
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MANY EXPLANATIONS...

...FROM A 2008 TALK BY ED WENGER (PHOBOS)

Coupling of induced radiation to longitudinal flow
Armesto et al., PRL 93, 242301

Recombination of shower + thermal partons
Hwa, arXiv:nucl-th/0609017v1

Anisotropic plasma
Romatschke, PRC 75, 014901

Turbulent color fields
Shuryak, arXiv:0706.3531v1

Bremsstrahlung + transverse flow + jet-quenching
Majumder, Muller, Bass, arXiv:hep-ph/0611135v2

Splashback from away-side shock
Pantuev, arXiv:0710.1882v1

Momentum kick imparted on medium partons
Wong, arXiv:0707.2385v2

Glasma Flux Tubes
Dumitru, Gelis, McLerran, Venugopalan, arXiv:0804.3858; Gavin, McLerran, Moscelli, arXiv:0806.4718

"RIDGE & CONE” KEPT LS BLISY FOR €& YEARS'




Ann.Rev.Nucl.Part.Sci.57:205-243,2007

-15 -10 -5 0 5 10 15
z (fm)

MONTE CARLO GLALBER
PHOBOS (& ALVER & ROLAND)



INITIAL STATE MATTERS

PHOBOS pullmlnary
e 200 GeV, tracks ¥ 130 GeV, Star
0.3} © 200GeV.hits ' 17 GeV. Natd o
|« 130Gev, hits iasa s
At e 200 GeV, tracks | °
wg o 200 GeV, hits 1 ‘ ¢
< 0.2 e« 624GeV, hits 14 w
= it ed 0]
> Hx
0.1- M :
PHOBOS
wWM2005
| | |
% 10 20 30
1/(S) (dN_ /dy) [fm?]

PARTICIPANT ECCENTRICITY
BROLUIGHT ALU+AL & CU+CL
TOGETHER! (PHOBOS 2005)

ALVER & ROLAND WERE FIRST TO
MAKE IT CLEAR THAT Vz SHOLULD

EXIST AND, MORE IMPORTANTLY,

RIDGE AND CONE ARE “"LEFT
BEHIND” IF V2 SUBTRACTED

10

STAR, PRC 81 054905 (2010)

=

Part 91

PHOBOS Glauber MC

-10

Residual A¢ Correlation

rPHOBOS Au+Au ZOOGeV 10-20%

| -4.0<An<-2.0, O<n
1.02|

1.01f

<1.5, prg>25 :

Ry

0.005}

-0.005}

A¢ (deq)
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THE RIDGE, POST Vs

* ONCE SEEN, DIFFICULT TO LUN-SEE

* FLLUCTUATIONS IN THE INITIAL STATE PROVIDE
SIMPLEST WAY TO HARMONIZE FLOW
SYSTEMATICS

* THEY ARE ALSO THE SIMPLEST WAY TO
LUINDERSTAND THE RIDGE AND MACH CONE

...THE END OF THE RIDGE~??
(WILL LEAVE THIS FOR MY LHC FRIENDS!)
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"TWO-TO-TANGO” EFFECT

1 T T T T T T rmfrrrrJrrro]prrr |1 rr 71 T T T
B \ I cull MGG | 1-_ Ratio to €,,,{4} from full MCG 7
- \ — — Analytic (eq.B37) | 7 .
08l mmeames [\ _ OPTICAL
i — . BO(eq.13 [\ e e—remnnenal oo ]
. - __ | I‘ (eq.13) 0.5_ \ i __,...._____-\ — ] a)
EI; 6 \‘\ ------------ &, full MCG e T -
S [ Z " -
WPoa o \ R T s MC S
- \ \*% Number of participants - ©
RN L - b)
02 I -:'s,\,:“.:..-m...-,..m llllll ]
| 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 ,I I“"“.M ..... MC
0 0 20 40 60 80 100

PHOBOS COLLABORATORS ALSO HELPED LINDERSTAND
MORE ABOUT WHAT MADE PARTICPANT ECCENTRICITY “"WORK”

A KEY FEATURE WAS THAT PAIRS OF PARTICIPANTS
ARE SPATIALLY CORRELATED BY THE NN INTERACTION D</SNN/T :
SPATIAL CORRELATION AMPLIFIES ECCENTRICITY

MC GLALBER IS NOW THE STANDPARD APPROACH IN DPATA & THEORY
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FLOW FLUCTUATIONS

0.08}~ N -
: E | n 0.6 ~an Data —
0.06| @E} - c | v,) " ”
i I S ] o) 2D GAUSSIAN LIMIT
B Lo [_o'": :.: |
>'0.04]- - S I
04 L,—l—. "6 04l B
i E Event-by-Event (v,) 10 — . I
0.02— | o |Track-based v,{EP} 5 o LL
- Hit-based v {EP} - g O
[ : E T M _:_I_ -2 OE "
® 0.2 —E ) = 3 Glauber MC —
i T, = part
'% B Oc art
o2 0.02] oc - G >CGC MC
i Event-by-E - part
0 i \I| y " ) 0 | | | | | | | | | | | | | | | | | |
0 100 200 300 0 100 200 300
Noart N

part

MEASLURED BY A LIKELTHOOD METHOD,
FINDING THE BEST MATCH BETWEEN A
SMEARED V2 DISTRIBUTION AND THE DATA:

EVENTWISE CONNECTION BETWEEN GEOMETRIC
FLUCTUATIONS AND FINAL STATE PARTICLES
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FLOW FLUCTUATIONS
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THE D+AU RUN

RELATIVISTIC HEAVY ION COLLIDER

2003 (FOR PHOBOS) HI COMMLUNITY
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PRIMARY INTEREST IN THE FIELD WAS TO
ESTABLISH THAT HIGH PT SLIPPRESSION WAS
A FINAL STATE EFFECT IN AL+AU:
PHOBOS WAS HAPPY TO OBLIGE FOR COVER OF PRL
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PSELIDORAPIDITY PEPENDPENCE
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OF COLIRSE, THINGS ONLY LOOK STRAIGHTFORWARD
WHEN AVERAGING OVER ETA:
DIFFERENTIALLY, "SLUPPRESSION” CHANGES SLIBSTANTIALLY
EVEN NEAR MID-RAPIDITY--> BRAHMS IN FAR FORWARD?
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MULTIPLICITY VS. CENTRALITY

Phys. Rev. C72, 031901 (R) (2005)
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STRONG INCREASE WITH N s ALY REGLCHY.

& /
IN ETA. IN FAR-BACKWARD REGION,

~SCALING WITH Nraer,au’
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VISUALIZING Npaer SCALING

SIMPLY SCALE BY Nparr/2
/- o PHOBOS DATA GIVES
- d + Au 200 GeV - AN INTERESTING
| PERSPECTIVE
& )
g : FORWARD
Z - "SLIPPRESSION”
_;S—_ 1.5__000 ...DD e 0-20% *o .ﬁﬂ __ IS OBSERVED
\'S i .l'I:||:||:‘<><><><><> o 20-40% .(:OOQDD | A T ALL P T
% 157 0 n 40-60% ’.ogﬁgm -
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0.5 o 80-100% oan | (Nparr SCALING),
ol e BUT DISTRIBLTION
4 =2 o0 2 a4 SHIFTS “GOLDWARDS”
n

PHOBOS WHITE PAPER
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PERSONAL INTERLLDE: A "SHIFT"?

IN A D+AL COLLISION, PAS, NUCL-EX/0703002
THE CM RAPIDITY IS:

_g e PHOBOS d+Au
G 3 o o
2 Ny - 10 i -”:,,_l_ N, [ PYTHIA Ay=07
- 15 ] -;;_5;_;' +
: 5 '!!I-":
1 l o +++!!E;_'11;
: T
0.5 g
5 _a?;igd: r:dded 0--.-:'1}':""'_. N T .o
% 10 15 -5 0 S
v Ll
SCALING PYTHIA P+P BY NPART AFTER R
SHIFTING ALL RAPIDITIES BY AY GIVES y =1y +In(zr) - 5l (ﬁ)
A SLIRPRISINGLY BOOD DESCRIPTION OF THE NCBE A N P
MINBIAS D+AL MULTIPLICITY DATA INDLICES A BACKWARD SHIFT:

1.3<M1> GIVES EXTRA O.3 SHIFT/
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CENTRALITY DEPENDENCE
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COULD THE “"TRIANGLE”
BE AN EXPONENTIAL IN Y?Z

R, =

o % WORKS NICELY
; ) WITH NA5 DN/DY




FULL DISCLOSLRE

* WIT DID NOT LIKE THIS IDEA/

* A SHIFT OF ALL RAPIDITIES IN A PP COLLISION VIOLATES

MOMENTLUM CONSERVATION
* ANSATZ CAN'T MAKE SENSE NEAR BEAM RAPIDITY

* LLUCKILY, PHOBOS HAS A ROBLIST TRADITION OF
DEBATE

* BUT WE ALWAYS AGREED THAT IF CONSENSLS WAS NOT
REACHED, PEOPLE SHOLULD WAIT FOR DATA AND PLIBLISH
THEMSELVES (E.G. NLICL-EX/0703002)

* NO OBVIOLUS MECHANISM TO LUNIFORMLY TRANSLATE
INITIAL CM TO ENTIRE SYSTEM

* AND EVEN MORE DIFFICULT TO EXPLAIN SLUCH A SHIFT
APPLYING, E.G. TO HIGH Pr JETS? [AHEM, CMS...]

* SOME FORTLUITOLUS COMBINATION OF SHADOWING
AND ANT/-SHAPDOWING VS. CENTRALITY?
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A SLIGGESTION...

* PARTICIPANT ECCENTRICITY IMPLIED Vs

* BLUT MOST OF US DIDN’T TAKE GEOMETRIC FLUCTLATIONS SERIOLISLY
ENOLIGH, UNTIL GLUNTHER & BLIRAK THOLIGHT HARD ABOLT
IMPLICATIONS

* NOW ARE WE IGNORING ANOTHER POTENTIAL IMPACT OF
FLUCTUATIONS?Z

* THEIR EVENTWISE EFFECT ON LONGITUDINAL DISTRIBUTIONS/

* IF EVEN AN “"EFFECTIVE” RAPIDITY SHIFT CAN BE SEEN IN
D+Al (P+PB), WHAT MIGHT IT IMPLY FOR A+AZ?

i e
>
e

<

COLLIDING SHIFT OF CM
SRIBESS IN EACH SET OF TLIBES

SLICE AT
X~O
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A SLIGGESTION...

* PARTICIPANT ECCENTRICITY IMPLIED Vs

* BLUT MOST OF US DIDN’T TAKE GEOMETRIC FLUCTLATIONS SERIOLISLY
ENOLIGH, UNTIL GLUNTHER & BLIRAK THOLIGHT HARD ABOLT
IMPLICATIONS

* NOW ARE WE IGNORING ANOTHER POTENTIAL IMPACT OF
FLUCTUATIONS?Z

* THEIR EVENTWISE EFFECT ON LONGITUDINAL DISTRIBUTIONS/

* IF EVEN AN “"EFFECTIVE” RAPIDITY SHIFT CAN BE SEEN IN
D+Al (P+PB), WHAT MIGHT IT IMPLY FOR A+A7

* CENTRAL EVENTS WILL SEE NO EFFECT ON AVERAGE
* PERIPHERAL EVENTS ARE ASYMMETRIC (LIKE P+A) IN SMALL REGIONS
IN TRANSVERSE SPACE: LOCAL SHIFTS =4
* BOTH WILL HAVE A FLUCTUATING CM IN SMALL REG/ION i ;‘_’
--=> AND A FLUCTUATING DN/DETA SHAPE

* PERHAPS THESE ARE THE “VERY LONG RANGE” CORRELATIONS
IMPLIED BY THE LONGITUDINAL SCALING DATA (SLIPPLIED BY
GEOMETRYD?

* PERHAPS THESE INDLCE THE LARGE Kerr IN PERIPHERAL DATAZ
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BLUT BACK TO WIT...

THANK YOU FOR
LEADING A GREAT
EXPERIMENT WITH A
GREAT COLLABORATION...

...AND FOR FOSTERING
A VIBRANT INTELLECTUAL
ENVIRONMENT FOR
PHYSICS
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PHOBOS IN THE LHC ERA/

* CLAIMS OF SCALING REQLIRE TESTING AT HIGHER
ENERGIES

* EXAMPLES G/IVEN OF SLICH TESTS

* MULTIPLICITY

* LONGITUDINAL SCALING & Nparr SCALING
* CORRELATIONS

* CLLUSTERS & THE RIDGE
* FLLUCTUATIONS

* Vn AND THEIR DISTRIBLUTIONS

* A UNIQUE (H1t) PERSPECTIVE ON D+Al
* SPECULATION ABOLUT RAPIDITY SHIFT TO PARTICIPANT CM

* WITH THE NEW P+PB DATA SUGGESTING POSS/BLITY
OF COLLECTIVE EFFECTS IN SMALL SYSTEMS, WILL
BE INTERESTING TO SEE HOW P+P, P+A AND A+A
INFORM EACH OTHER GOING FORWARD/
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PHOBOS IN THE LHC ERA

ACTIVE IN MANY HI EXPERIMENTS
* CMS

* BLISZA, WYSLOLICH, ROLAND & ROLAND, STEPHANS,
VERES, HOFMAN, L/, MIGNEREY, TONJES, PARK,
CHENDERSON)...

* ATLAS

* OLSZEWSK/I, STEINBERG, TRZLIPEK, WOSIEK,
WOZNIAK (PERNEGGER, KATZY)...

* ALICE
* LOIZIDES, GLLBRANDSEN

* RHIC

* PAK, NOLICER, SUKHANOV, IORDANOVA, HOLLJS,
VAN NIELUWENHLIZEN...

OLUR DNA IS WOVEN INTO THE HI PROGRAM
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HI VS. ELEMENTARY PROCESSES
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MULTIPLICITY
MEASLURED IN HEAVY ION
COLLISIONS TURNS OUT
TO BE SIMILAR TO E+E-
AT HIGH ENERGIES,

ALSO TRLIE FOR PP AFTER
CORRECTING FOR KNOWN
LEADING PARTICLE
EFFECT (HERE ASSLIMING
LEADING PARTICLES ARE
FLAT IN X£)
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PHOBOS = LOW Pr

Phys.Rev.C75:024910,2007
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PHOBOS MEASLIRE IDENTIFIED PARTICLES
DOWN TO THE LOWEST Pr (RANGE-OUT IN SI):
DIRECT OBSERVATION OF FULL “"BLACKBODY SPECTRUM”

56




PANELIST




