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THE EFFECT OF TEMPERATURE
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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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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

How DOES THE QGP Py A ST -
: vacuum “RHIC” scenario | of “LHC” scenario |
EVO LVE ALONG WITH THE — dominated To =300 MeV § J— I To =390 MeV
> af pr=30GeV | | = ¢t pt =200 GeV
PARTON SHOWER? S | O I
= 2f medium dominated | | = 4}
ot /e o
1f 2p _““__”-___-_____.,....:3333==="---"===:I-’.’IIZ.'.'.'-
O:f' .............................. O:"".- .............................
0 1 2 3 4 5 6 0 1 2 3 4 5 6
t [fm/c] t [fm/c]

E | Jet Virtuality Evolution
= RHIC E, = 20-80 GeV
= L RHIC QGP Medium Influence
@ LHC E, = 100-1000 GeV
| LHC QGP Medium Influence PARTON SPLITTING MODIFIED WHILE
MEDIUM INFLUENCE DOMINATES
10 ——— | RHIC AND LHC HAVE DIFFERENT

~>

SENSITIVITY TO MEDIUM

OVERLAPPING JET ENERGIES WILL
PROVIDE IMPORTANT CONSTRAINTS

100 150 200 250 300 350 400 450 500 550 600
Temperature [MeV] 7




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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DETECTOR DESIGN
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EXPECTED RATES
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JET CAPABILITIES
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R4 (AutAu/PYTHIA)
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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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4
Awgy-Side Jg? ET [Gev?0

0.4

0.2

Leading Jet (R=0.2) ET > 30 GeV
Away-Side Anti-kT Jets

Full G4 Simulation

PYTHIA + HIJING Au+Au @ b=4fm

=R=0.2 =R=0.3
- R=04 =R=0.5
3 =R =0.6
__II I 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1
10 20 30

40 50 0
Away-Side Jet ET [Gev?

—h
F=3
III|III|III|I

0.8

0.6¢ -R=02 =R=03

04 R=04 =R=05

0.2 =R=0.6

0 1 1 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1
20 30

Leading Photon P, > 20 GeV/c
Away-Side Anti-kT Jets

Full G4 Simulation

PYTHIA + HIJING Au+Au @ b=4fm

40 50 0
Away-Side Jet ET [Gev?
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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

b 1EIIIIIIIIIIIIIIIIIlllllllllIIII|IIII|IIII|IIIIE Q::E 1-2_|IIII ]
=] S PYTHIA p+p 200 GeV 1 5 13_ _____________________________________________________________________ E
o] - Jet p_ =20 GeV . 4 [ €9 = 50% -
Q 10 — 0.8 statistical uncertainties only ]
- ] 0.6——e . ¢ + ) —
- Two track cut - N ]
102 = p.>0.5GeV, p+p E 0.4 :— —:
- — p_>0.5GeV, Au+Au b=4 fm - B ]
~ ——— p_>0.5GeV, Au+Au b=8 fm . 0.2~ 10 weeks p+p .
B T n - 22 weeks Au+Au, 0-20% events —
10_3 H pT >1 GeV, p+p TP —] O_ | N T N T e
; ....... P, >1 GeV, Au+Au b=4 fm N ; 15 20 25 30 35 40 45
INCLLIELY p.>1GeV, Au+Au b=8 fm _ b-jet P (GeV)
III|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
0 01 02 03 04 O. 06 0.7 08 0.9 1
b-jet efficiency
o5 CMS Preliminary pPbL=35nb™; PbPb L =150 ub™
5 ~SCr Tt
g ~ [ pPb Luminosity Unc. - bjetR . (0-100%), ni<2 i
PROJECTED UNCERTAINTIES AT 50% P S e N =
TAGGING EFFICIENCY 5 1S
= 151 - ®
8 L 1%
PURITY VS EFFICIENCY — o - . B b R
3 - -
SYSTEMATIC VS STATISTICAL s F 1N
UNCERTAINTIES 05 [ -—- 12
B 1 ©O
0 B - - N R
0 100 200 300 400
b-jet P, [GeV/c]
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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

—~ —
|

0

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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© NO SINGLE OBSERVABLE ALONE CAN ANSWER FUNDAMENTAL "HOW” AND "WHY”

QUESTIONS FOR QGP FORMATION
— THEORY POORLY CONSTRAINED WITH WIDE RANGE OF PARAMETERS TO PLAY WITH

© NEED A RANGE OF JET OBSERVABLES ACROSS LARGE ENERGY RANGE AND DIFFERENT
COLLISION PARAMETERS (TEMP, SPECIES, SIZE, ETC)

RAA

X+Jet

FULL TEXT:
HTTP:// ARXIV.ORG/ABS/1501.06197

RHIC Today

RHIC Tomorrow

LHC Today LHC Tomorrow

Hadrons

D Mesons

B Mesons

Jets

b Jets

Ensemble-based
measurements
and x+hadron

correlations
add low p+ reach

G. Roland, Town Hall ‘14

v+J

Z%+Jets (p1%)

Dijets (P ;)

ets (p+7)

Double b-Tag (pt;)

10

102

pr [GeV/d]

103


http://arxiv.org/abs/1501.06197

© NO SINGLE OBSERVABLE ALONE CAN ANSWER FUNDAMENTAL "HOW” AND "WHY”

QUESTIONS FOR QGP FORMATION
— THEORY POORLY CONSTRAINED WITH WIDE RANGE OF PARAMETERS TO PLAY WITH

© NEED A RANGE OF JET OBSERVABLES ACROSS LARGE ENERGY RANGE AND DIFFERENT
COLLISION PARAMETERS (TEMP, SPECIES, SIZE, ETC)

VERSATILITY OF
RHIC + sPHENIX MAKES -

THAT ALL POSSIBLE!

X+Jet

FULL TEXT:
HTTP:// ARXIV.ORG/ABS/1501.06197

RHIC Today

RHIC Tomorrow LHC Today

LHC Tomorrow

D Mesons

B Mesons

Hadrons

Jets

b Jets

Ensemble-based
measurements
and x+hadron

correlations
add low p+ reach

G. Roland, Town Hall ‘14

Z%+Jets (p1%)

Dijets (P ,)

v+Jets (p1¥)

Double b-Tag (pt;)

10

102
pr [GeV/d]

103


http://arxiv.org/abs/1501.06197

SUMMARY

© NO SINGLE OBSERVABLE ALONE CAN ANSWER FUNDAMENTAL "HOW” AND "WHY”

QUESTIONS FOR QGP FORMATION
— THEORY POORLY CONSTRAINED WITH WIDE RANGE OF PARAMETERS TO PLAY WITH

© NEED A RANGE OF JET OBSERVABLES ACROSS LARGE ENERGY RANGE AND DIFFERENT
COLLISION PARAMETERS (TEMP, SPECIES, SIZE, ETC)

RHIC Today RHIC Tomorrow LHC Today LHC Tomorrow
| T T I T 1 I| I T T 1
VERSATILITY OF Hadrons
RHIC + sPHENIX MAKES - Jets
<
THAT ALL POSSIBLE! 5 Mesone
B Mesons
MAJOR MILLSTONE PASSED! b Jets
DOE ScCIENCE REVIEW OF iete (b
jets (P+;
SPHENIX CHAIRED BY + Ensemble-based
— measurements v+Jets (p1¥)
DR. TIM HALLMAN  + and x+hadron
>< correlations 704 Jets (p2)
add low p+ reach ! Double b-Tag (p- )
ouble b-1ag (Pt
G. Roland, Town Hall ‘14 |
| | | | | I | | | L 1 1 | | L1 1

FULL TEXT: 0 102 ,
HTTP:// ARXIV.ORG/ABS/1501.06197 oy [GV/d 0 10
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RESOLVABLE UPSILON STATES

Y(1 3,28,38) 3 1.2 i Strickland & Bazow
o i e Y(1S) NP A879 (2011) 25
700— o ++,—- subtracted
ool Au+Au0-10%  [| - vas)
- 10Bevents [y - Y(2S)
500 { e
B { ----- correlated bkg
4001~ *
3001 :
: A I' 0 | | | L1 1 1 | L1 1 1 | 1 1 I.l.ll.l-'l.'..l-'-llmml.lllTI 11 1 | IT*_.I‘.T“
- : 0 50 100 150 200 250 300 350
200_ \ Npart
i ++ . : < P ) R RARRS RLERS LA T
100 I . H + X 4 Ny o 1.4F CMS PbPb Sy = 2.76 Tev -
111t L2 AR { }“,o‘+ . S 12:_ +Y(1S) L= 150 ub™ _:
UUURON | Cae LT TP ':.:’:.._ L P e L eY(Es) Iyl <2.4 ]
Qlad:i: e o o | A PR TE LT EF 18 1 1 S T T A AT L M ey - B
7 s e s e s 10 105 11 i W Siigkna, 7
invariant mass (GeV/c?) o8\ " o YUSh dmis =2
1N e
TRACKING GIVES MASS A L ves.4me=1 7
RESOLUTION OF <100 MEV/c? o AN —
SEPARATION OF ALL THREE STATES s
WITH “LHC” PRECISION 05564906 150 I‘floo 550300 350 400 -
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PUSHING DOWN IN ET

>90% Purity Limit Summary

Single Jets Conditional Away-side Jets
| | ! ' FastSim | | | ' GEANT4
B central fake rejection central h-jet + mixed sub
0.5 - mid-central @ + fake rejection — 0.5— central di-jet tmixedsub  —
- central y-jet + mixed sub
7)) E (7)) : I
3 04— . = 0.4 :
8 : 8 :
: : : :
0.3~ £0.3- :
0ol @ 0.2 :
I I I I | | | | I
0 10 20 30 40 50 60 0 10 20 30 40 50 60
jet ET (GeV) jet ET (GeV)
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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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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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AN £IC DETECTOR

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

26



C.OLOR SCREENING

EO 5:_ Upsilon Melting
o | Hydro Pb+Pb 2.76 TeV 027, 0747, 117, 2.3T,
g i ——— Hydro Au+Au 200 GeV i
g 0.4 —— Hydro Al+AI 200 GeV DIFFERENCES IN £ (GeV/fm?)
$ | [I11] Metting ¥(1s.25,39) TEMPERATURE AND RATE YES) s,
0.3
: -> DIFFERENCES IN . Y(15)
0.2 SCREENING ENVIRONMENT D
0" AND COALESCENCE EFFECTS b % I
O T e e o
Time [fm/c]
- S0 RARRE RRAAR RAALE LU IS RLAAS LUARE RN
14— CMS PbPb |s,, =276 TeV -
3,0 e PHENIX Y (1S+28+3S) 12 :12:; b= 190007 g
< A STAR Y (1S+25+3S) : <24 i
Q 1 : B
[y<0.5 -l M S"ﬁﬁl & dns = 3
] Y(1S), 4an/s = 2

\ —— Y(1S), 4an/s = 1
AN * v Y(28), danfs = 3
AR + ...... Y(2S), 4n/s = 2

0.6 T —Y(2S), 4nn/s = 1

A v o
Potential B

0.4

lllllllllllll

lIll

\’V’/
otential
| | I |

0.2 .
0 I B B = O +:
0 100 200 300 400 500 . T + ------------
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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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MODEL SENSITIVITY

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

7 — T T L T
I . Qin PP == 45'”'""" Eri> 35 GeV, E,, > 5 GeV, antlk, R=0.3 -\ | En>35GeV,E;,>5GeV, anthk, R=03
6 i I an AU+AU | %% 351 ——@—— Measure: PYTHIA (vacuum case) 61— Truth: PYTHIA vacudm casey
.- MARTINI PP =ereenees o L ' u — Truth: PYQUEN (Au+Au 10% central case)
5 B I MART“\“ AU+AU 17 z’ai 3:_ ——@—— Measure: PYQUEN (Au+Au 10% central case) C ——ll—— Unfold: PYTHIA (vacuum case)
: - — 5__ ——— Unfold: PYQUEN (Au+Au 10% central case)
| 0-10% R =04 E>35GeV, E;> 5 GeV b - 1
— = | S & o _ - . : .
< 47 [ - - measured distributions 7 ¢ unfolded distributions -
2 " RHIC £ -, ER :
C 1 3 —]
© : - 3. : - .
:‘_+H o - o - - .
C 1 2— —
1= Bl g :
N - - . - 7
05 = hd 4 = =
L@ N ] @ N ]
F PHENX e - 1 FPuienx ]
_I 111 I 111 ] 1111 I |- I L1l I 111 I 111 l—.j—_—t.—l L1l 111 I_ _I 111 l 1111 I 1111 l 1111 I 1111 i
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(1/0)doldz

2.5

PreEDICTED KHIC VS LHC

MANY OBSERVABLES WHERE GREATER SENSITIVITY EXPECTED AT RHIC

2.0

1.5

1.0

0.5

— =20(2)Rad.+Col.
Pb+Pb CNM

§'"#=2,76 TeV
|¢|>7/8 x R=0.3
P,™>30 GeV ,P,">60 GeV

LHC

1.5 2.0

Raar(PT)

pr (GeV)

80 100

Raase(PT)

0.5 4

g, _=20(2)Rad.+Col.
Pb+Pb CNM

§'*=200 GeV
[¢|>7/8 = R=0,3

-I. P, *>10 GeV P, >30 GeV
RHIC

0.0 - h—
—05 T T . | !
0.0 0.5 1.0 1.5 2.0
ZJY
0 10 20 30 40 50
: | | : :
CUJET RHIC (AuAu)
0.5T T0.5
B
041 T0.4
n
0.3 +0.3
B
e
D
0.2 T0.2
011 +0.1
1 1 1 1 1
1 1 1 1 T
0 10 20 30 40 50
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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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o
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energy resolution
o
N o
(4)] W

O
N

0.15
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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
BETTER THAN REQUIRED
LARGELY RECOVER INITIAL
PURITY AFTER UNFOLDING

o( ZE_) (GeV)

0.8

truth

10 A fast. param. _:

G4 sim.

-

-
- -
----

.
.’
.

DE

HIJING Au+Au 0-10%, Anti-k_ R=0.2
——@—— Ideal Detector w/ Underlying Evt

——@—— G4 Detector Res w/ Underlying Evt

====gae=-- Ideal Detector w/ Underlying Evt [Shifted]

====¢2---=- G4 Detector Res w/ Underlying Evt [Shifted]

U1III|III|III|III|III|

1 | 1 1 1 1 1 1 1 1 | 1 1
20 25 30 35 40 45
E; Reconstructed [GeV]
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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
True D(z) Jet E>40 GeV
........ Reco D(z)

¥ Unfold

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

SLELELELE BLELELELE BLELELELE BLELELELEE LI ~N - L ! """'_
1 s ECMS i P16k ATLAS E
| 6 EPbPb /SNN=2.76 TeV : 1.55_ zt:zpnbbﬁ=2.76 TeV _
Q ., 4E150 ub ™ £ I antik eod QUALITATIVELY
L T o pPs100Gev  f SIMILAR EFFECTS
o 1.2 ] E ' } 0-10%/60-80%
al 1HOter 1 — — 794 — = 1.2 * ¢
= i *loleTel® I NOT DIRECTLY
8'25 ] 4 - j COMPARABLE
0'4;_ 0-10% 1 oot by ot E MEASUREMENTS
LN o | P | . 0.8_ Cal T
0 1 2 3 4 10" 1
Z
£=1In(1/2)
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L | | | 1 0.8 0.6 0.4 0.2
- ig‘i”;“’ O'ZO%t . YaJEM-DE 2.5 5<p, <9GeV/cx0.5<p} <7 GeV/c
o ) v, and v, uncertainty | elAg-ml<n/2
> - rigger jet uncertainty H E
gﬁ:‘ 2:_% ‘ jet,rec 1.5
Q< :. ) 10<p'Tt <15 GeV/e :tt m
§ ” n 20<pJTe T <40 GeV/e — E i
;a‘ 0.5 ;
0 H - global sys =+ 6% (a)

'20“'2|'”4:'”6'”8'”10”'12'”14'”16' 0 0.5 1 1.5 2 25
pfs"c (GeV/e) E
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KINEMATIC REACH

-=— direct vy —m— direct vy

|l||||l||||l|||||I|I|I||I|I||III_
m PHENIX SPHENIX:

T — e —~— b-jet

==
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THE BARAR MAGNET HAS ARRIVED'

 LErT SLAC JIAN. 16"

ARRIVED AT BNL FEB. 4"

www.symmetrymagazine.org/article/january-2015/20-ton-magnet-neads-to-new-york 37



