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WHY SPHENIX?

® FORMATION OF QGP AS NEARLY PERFECT FLUID NEAR THE PHASE
TRANSITION IS WELL ESTABLISHED WHILE TEMPERATURE DEPENDENCE
OF BASIC MEDIUM PROPERTIES REMAIN POORLY CONSTRAINED

® LACK A FUNDAMENTAL CONNECTION OF QCD TO THIS EMERGENT
PHENOMENA, LEAVING OPEN QUESTIONS SUcH As "HOW" AND
“"WHY"” MEDIUM IS PRODUCED

e SPHENIX WILL USE JETS, JET CORRELATIONS AND UPSILONS
TOGETHER TO DETERMINE TEMPERATURE DEPENDENCE OF TRANSPORT
PROPERTIES AND COLOR SCREENING LENGTH OF THE QGP

® DESIGN LEAVES ROOM FOR ADDITIONAL UPGRADES TO EXPAND P+P,
P+A AND ULTIMATELY E+A CAPABILITIES
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THE EFFECT OF TEMPERATURE
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PROBING THE LENGTH SCALE

WHAT ARE THE INNER
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PROBING THE LENGTH SCALE

WHAT ARE THE INNER
WORKINGS OF THE QGP?
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PROBING THE LENGTH SCALE

WHAT ARE THE INNER
WORKINGS OF THE QGP?

HEAVY FLAVOR MORE SENSITIVE
TO COLLISIONAL EFFECTS
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EVOLUTION OF JET VIRTOALITY

B. Muller talk given at RHIC/AGS Users Meeting ‘11
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PreDICTED RHIC VS LHC

MANY OBSERVABLES WHERE GREATER SENSITIVITY EXPECTED AT RHIC
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R, (AutAu/PYTHIA)

RHIC vs LHC now
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C.OLOR SCREENING
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DETECTOR DESIGN
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THE BARAR MAGNET HAS ARRIVED'

 LErT SLAC JIAN. 16"

ARRIVED AT BNL FeB. 6™
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EXPECTED RATES
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Rejection factor

TRIGGERING

1_ _A_ T T T *I—
B e —— ¢
: | N N
T RA=aas -
i —_ JETS i
0.6— ~~ G4 Simulation —
i —— PYTHIA R+p 200 GeV-
0.4 = ‘ + q jets, EMCal only 0. 8><0 & >M0GeV —
- . |
- ¢ g jets, EMCal only 0.8x0.8, > 10 GeV ~:'
0.2 B * )\ q jets, EMCal+HCal 0.8x0.8, > 10 GeV _|
N | | + qjets, EMCaI|+HCaI 0.8><0.8|, >10 GeV i
05 10 15 20 25 30 35
Jet E; (GeV)
10— 71— 3
- —— EMCal+HCal, 0.4x0.4 =
| —— EMCal+HCal, 0.6x0.6 ]
10°- —— EMCal+HCal, 0.8x0.8 .
10 E
10E E
: G4 Simulation, PYTHIA p+p 200 GeV -
L 4 L L L | L L L | L L L | L L L | L
Iy 5 4 6 8 10

Minimum ZE requirement (GeV)

NEw C-AD PROJECTION WILL
ALLOW AU+AU SAMPLING OF
0.5 TRILLION EVENTS

FuLL CALORIMETER TRIGGER

IMPROVES EFFICIENCY AND REMOVES

L |
Y

[2) 10%
C
()
>
()]
m
S  10°
S
S
g 102
C
O
B
@
£ 10

00.51152253354455

POTENTIAL FLAVOR BIASES

M I T T . - =
— Rejection, EMCal 2x2 o098 8
 ——— Efficiency, EMCal 2x2 : - @
 ------ Rejection, EMCal 4x4 —096 o
g ------ Efficiency, EMCal 4x4 —0.94 gz
- ELECTRONS —J0.92 5
= —o9 O
- Jogs M
B . B

o.86 N
= ] 0
- —084 2
B _ D
- G4 Slmulatlon : 1082 %

||||||||||||||||||||||||||||||||| u 0.8

Minimum ZE requirement (GeV)

SPHENIX FULL CALORIMETER TRIGGER ~ 50,000 JETS > 50 GEV IN CENTRAL EVENTS

14



DETECTOR CAPABILITES
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EXTENDING KINEMATIC REACH
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R, (AutAu/PYTHIA)

EXTENDING

KINEMATIC REACH
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LEARNING FROM SURFACE BIAS

Jet Surface Emission Engineering
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~LAVOR DEPENDENCE
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HEAVY FLAVOR TAGGED JETS

p,= 0.5-1.0 GeV/c p, = 1.0-2.0 GeV/c p, > 2.0 GeV/c A
0=76.3um 0=48.8um oc=31.9um :
[ F )\ ,
[ ) _ :
I Q Jet/Axis K
[ ” S N
10°F Q\ ’
] 10k v ,

102:-

'S /
N
< Secondary Vertex

S

PETENENTN BNV [ETENE AUENEN] VEN AR / ‘.""'
Track \ i
-0.1 -0.05 0 0.05 0.1 -0.1 -0.05 0 0.05 0.1 -0.1 -0.05 0 0.05 0.1 Primary Vertex

Impact
DCA (cm) DCA (cm) DCA (cm) Parameter

Decay Length

REQUIRE ONE OR MORE TRACKS

i WITH NON-ZERO IMPACT PARAMETER
_ DETERMINED USING 2D DISTANCE OF
T P, CLOSEST APPROACH:
- Soca= DCA / obca
S soF *Ce, .

203_ ..........00........'..

10

E REQUIRES GOOD DCA RESOLUTION

b e

o e T + TRACKING EFFICIENCY
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HEAVY FLAVOR TAGGED JETS
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JET FRAGMENTATION

PREDICTIONS THAT FF D(z) = P / E__. WILL

HAVE DRAMATIC HIGH-Z SUPPRESSION

I T I I T T T T 1

sPHENIX FF Modification 40 GeV Jets

x [X=1.0,0.95,0.90,0.85,...]

Theory Ejet=E

parton

o Projected Uncertainties

—h
III|III|III|III|III!II.I|III|I

arXiv:0710.3073

—~ —
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0IIII|IIII|IIII|IIII|IIII|IIII|IIII|III|r 11—|IIII

01 02 03 04 05 06 07 08 09 1
z [= p/E]

MODIFICATION SENSITIVE TO
ENERGY CONTAINED IN JET CONE

REQUIRES MEASUREMENT OF
FULL JET ENERGY
(CALORIMETRIC JETS)

REQUIRES PRECISION TRACKING

’f:l\ o ' L ' ' o ':
m01 6E ATLAS E
F Pb+Pb\[s=2.76 TeV ]
1-5E 414 b E
1.4F anti-kT R=0.4 3
: o ]
13 p, >100 GeV
| 0-10%/60-80%
1.2_ *
1.4F l |
: #* * t l | ]
E Thy ;
0'9: * * .
0.8: ] N
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RESOLVABLE UPSILON STATES
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EXPANDED COMPLEMENTARITY

s RHIC Today RHIC Tomorrow LHC Today LHC Tomorrow
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oy correlations 704 Jets (p+2) 0
.
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>
o
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FORWARD SPHENIX

EXPANDED SPIN-POLARIZED P+P AND P+A MEASUREMENTS
WITH ADDITION OF FORWARD CALORIMETRY
- IMPROVED JET ACCEPTANCE FOR HI

http://www.phenix.bnl.gov/phenix/WWW/publish/dave/sPHENIX/pp_pA_whitepaper.pdf
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http://www.phenix.bnl.gov/phenix/WWW/publish/dave/sPHENIX/pp_pA_whitepaper.pdf

AN £IC DETECTOR

MAKE USE OF BABAR MAGNET AND SPHENIX CALORIMETRY
AS FIRST PART OF FULL EIC CAPABLE DETECTOR
W/ADDED TRACKING/PID CAPABILITIES

25



SUMMARY

® MAJOR GOALS OF SPHENIX: TO USE JETS, JET CORRELATIONS AND UPSILONS
TOGETHER TO DETERMINE TEMPERATURE DEPENDENCE OF TRANSPORT PROPERTIES
AND COLOR SCREENING LENGTH OF THE QGP

® CLEAR PATH TO FORWARD CAPABILITIES FOR P+P AND P+A AND ULTIMATELY AN

EIC DETECTOR
50 | PH& . 2
A : ¢ ‘(( o \A(Z){O
o 0%e,* §
e
&P
kinematic reach
10 e ‘
A } 411|‘
b
:#TT‘
pT7(geV/ce)
5 Y(1s) medium coupling
@ex¢ *
awof  Y(18,25,3s)
200 10 weeks p+p
oO1s = 99 MeV
Y(2s) °
Y(3s)
@@
1 7 A >
Tc 2T¢ 3T¢ 10007¢

FULL TEXT:
HTTP:// ARXIV.ORG/ABS/1501.06197 26
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QUARK VS GrLUON

2y Eo . 02
“|z‘ E,:XOPYTHIA, antl-kT, R=04, 30 < pT,jet <35 GeV/c | o B
- *230 inclusive jets § _ PYTHIA + Geant4
10 ‘23 ] - 0.15 B _
- *e, - quark jets S ¢ i % anti-k _R=0.4
- e . 5 [ s§¢e : §0oi |
Wosewe  © gluon jets g 0.1 B AE R ETYE s i d
1 & O - 4 o !
- LT o 5 - 3
- Wi M % ~ e inclusive jets
I W ﬁ T *‘#¢$ 2005 | quark jets
- & [ o gluonjets @ Wran
: T T DO tt*% : f a=> B g l &”\ENHX
_ * 0 -
— — o 4 O 0 o "
:IIIlllllllllIIIllllIlllllllllllllllllllllllllllll -0.0 _IllIllIIlllIIllIlllllllllllllllllllllll
0 01 02 03 04 05 06 07 08 09 1 ’ 520 22 24 26 28 30 32 34 36 38 40
z p (GeV)

T,true

jet resolution similar for quark & gluon jets
gluon jets have softer FF (like a guenched jet)
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2.5

PreEDICTED KHIC VS LHC

MANY OBSERVABLES WHERE GREATER SENSITIVITY EXPECTED AT RHIC
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4-5 T T T T
PYTHIA+fastjet p+p %E
4 -] MARTINI+fastjet Pb+Pb - ° 20, 1

ATLAS p+p 7 TeV O
ATLAS Pb+Pb 0-10% e

Qin Pb+Pb

Et1-E12 7 2,

E2 ff’o
RESOLVABLE PYTHIA/PYQUEN DIFFERENCES
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MEASURING JETS IN HI EVENTS

TT]

T T IlIlllllIIIIII|IIII|IIII|IIII|IIIIIIIIIII:

Au+Au @ 200 GeV, 0 - 10%

== HIJING True Jets
® sPHENIX Recon. Jets

IIIIIIII I llllllll I

:| T T | T T | T T | T T | T T | T T | T T | T T | T T | 1=
10 Au+Au @ 200 GeV, 0 - 10% =
1 - - HIJING True Jets B
= e ® SPHENIX Recon. Jets =
AL e — sPHENIX Recon. matched -
10 § A T sPHENIX Recon. not matched §
102 e R = 0.2 Anti-k; Jets =
10° ‘ =
104 =
10°E s
10° -
107 = B
10° = =
10-9 Erl | | | | L1l | L1l | | I | | I I | . | | } J L1 _E
5 10 15 20 25 30 35 40 45 50

E, [GeV]

SUBTRACT <UE>
RMS SMEARS JET - REQUIRE UNFOLDING
FLUCTUATIONS CAN LOOK LIKE JETS - FAKES

—_"""t.\ — sPHENIX Recon. matched _5
% ' ----- sPHENIX Recon. not matched %
3 *. R=0.4Anti-k, Jets =
=|_l L 11 | L 111 | | | | 111 I | | L1111 | | I L1 11 | L1 11 | l—
5 10 15 20 25 30 35 40 45 50

E, [GeV]

REAL JETS START TO DOMINATE ABOVE
~20 GEeV (R=0.2) AND 735 GeV (R=0.4)
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ADDING DETECTOR EFFECTS

B r HIJING + PYTHIA + Geant4, anti-kT R=0.2
[ ® HIJING + PYTHIA + Geant4, anti-kT R=0.4
'

b PYTHIA + Geantd, anti-k_R=0.2

PYTHIA + Geant4, anti-kT R=0.4

T,true

RESOLUTIONS SUBSTANTIALLY
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‘Run jet reco (anti-kr) A [ Determine set of R=0.2 seed jets ) inspired by ATLAS
algorithm on 0.1x0.1 g 15t pass: towers in jet satisfy 27 > 3

. . < Er >
calorimeter cells 21d pass: jet Er > 20
‘ S ’
Determine v for event
- exclude towers within An < 0.4 of seed jet

- A
Determine background Et 1n 1 strips
- demodulate by v

- exclude towers within AR < 0.4 of seed jet

' Ny

- ) f
Subtract background from jets Subtract background from event
tower-by-tower tower-by-tower

- first remodulate background by v» y L first remodulate background by v2

( Run 1et reco algorithm)

v

( Output: background subtracted reco iets of various R values )

V2 MODULATION ADDED TO HIJING EVENTS AND REMOVED BY ALGORITHM 33



FRAGMENTATION FUNCTION DETAILS

Fragmentation Function
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........ Reco D(z)

¥ Unfold

>
Q -
o
o -
b
A 10E
v -
m -
— -
- -
4
(4] -
S
- 1=
Q -
) -
oy -
LL] -
Q. -
.ﬂ‘
N101:_
10-201

34



JET FRAGMENTATION
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PATH LENGTH DEPENDENCE

- jet -
- l. 60<Ap<90° _

Au+Au 30-50%
~ sPHENIX projection |

hydro energy density profile 10 p. (GeV/c) 80
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