PHENIX Beam Use Proposal for Runs 12 & 13

run species ,/syN  weeks / L dt pol. comments

|z| <30cm |z| < 10cm

p+p 200 5 13.1pb~! 4.7 pb~1 60% (T) HI comparison, | spin
p+p 500 8 100 pb~—! 35pb~1 50% (L) W program + AG
12 Aut+Au 200 7 0.8 nb1 heavy flavor (F/VTX)
U+uU 193 1.5 0.03 nb~1 explore geometry
Aut+Au 27 1 52 ub! energy scan
p+p 500 10 200 pb~1 74 pb~1 60% (L) W program
- p+p 200 5 20 pb~1 4.7 pb~1 60% (T) HI comparison
Cu+Au 200 5 24nb! control geometry
U+U 193 5 0.57 nb~! explore geometry

Barbara Jacak for the PHENIX Collaboration

http://www.phenix.bnl.gov/WWW/publish/jacak/sp/presentations/BeamUsell/BUP11.pdf
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The PHENIX Experiment

2011 PHENIX Detector

® An excellent track record for
Major upgrade(s) most years

TOF-W

Sustained scientific productivity

Yyor =we6L

Handling >1pbyte data sets

@ Fully utilize RHIC luminosity
Data rate maintained w/VTX

~5kHz (AuAu), ~TkHz(p+p) |||||||

u 601

®Timely reconstruction geson |3 A0,
calibrate within ~1-2 days =
data sets produced by next run

Y South Side View North

g
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Unprecedented Reach and Precision

g 2 | PHENIX Au+Au, \[s,, =200 GeV, 0-10% most central

§ direct y (prelim.) ¥ Jiy 0-20% cent. (PRL98, 232301)
§ 7° (PRL101, 232301) § ® 0-20% cent. (arXiv:1105.3467)
¥ (PRC82,011902) | e, (arXiv:1005.1627)

¥ o (PRC83,024090) K’ (arXiv:1102.0753)
§ p (arXiv:1102.0753)

[I][}] ,H],H][}l [{Jr:][}][}] ....... [:J ........................................
|

1 P I
16 18 20
pT(GeVIc)

Superb particle ID, high rate capability and excellent trigger: broad physics

capabilities over a large kinematic range 3
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Recent Physics Accomplishments
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New papers and preliminary results*

Pin down initial state using d+Au collisions
First new constraints on /s

Discovery of direct photon flow

Measure W cross section, first look at A,
J/ suppression at 62 GeV

PHENIX submitted 16 papers for publication in the past
12 months

We published 12 + 1 in proofs

~35-40 preliminary analysis results

* More details to follow
PHKENIX



total citations

Over 10K citations of PHENIX papers
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SPIRES citations to PHENIX publications

1
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year

Citation rate remains high, as in past years

NB: White paper has 1079 citations; jet quenching
discovery paper has 584
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Dense gluonic matter (d+Au, forward y):

ArXive 10101246 large effects observed |

AR ' - 7 arXiv:1105.5112
. J/yin d+Au at\s, = eV ~ ~ | — i

o \'s =200 GeV p+p,d+Au—h + 71 +X PH_ENIX Preliminary

§$ e Forward-Forward Mid-Forward

& osf B ¢ — <

EI:% 0_45_ zf:t::l:Z:I:ﬁ:;nalnty +10% i

I S, 1

| IIIIIII
ot
ﬁ_
==
o
R

g . 1 } #
és 0.6i B ~ *
o 0_43_ Centrality 0-20% . R @- a1l 1 pair/
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Toward NSAC milestone DM8  trend as, e.g. in CGC ...



Fluctuations, flow and the quest for n/s

arXiv:1105.3928
v, described by Glauber and CGC V3 described only by Glauber
different values of /s breaks degeneracy
0.25 Theory calculation: PHENIX —m— ' . PHENIX —m—
Alver et al. Glauber —a— arXiv:1105.3928 Glauber —A—
KIN—e— | | 7 KLN —e—
02 L PRC82,034913 008 L
PH- ENIX I .
0.15 F w8 I Theory calculation:
= Alver et al.
0.1k 0.04 | PRC82,034913
TN
0.05 L 0.02 - PH ENIX
1.75 2.0 GeV/ 1.75<p7<2.0GeV/c
200 GeV AutAu arvaﬂﬂ 85_3928?,1 ¢ arXiv:1105.3928v1
1 1 1 1 1 | | 0 L : L L : L d
v 0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350
Npart Npart
Lappi, Venugopalan, PRC74, 054905
Drescher, Nara, PRC76, 041903
Glauber MC-KLN
m Glauber initial state €<—— Two models — m CGCinitial state
m n/s=1/4n m n/s=2/4n
Stefan Bathe for PHENIX, QM2011 8
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Direct photons flow!

arXiv:1105.4126
SN[ e Hydro. Thermal y I
>N [ £ - Hydro.Thermal+Hard y
70251 Au+Au@200 GeV = 0251 o diry () N
T N .. . Y
> E minimum bias K PH “ENIX i
0.2 0.2 N
0.15 . B I
- Direct photon v, 0.15[ N
N Y e I !
01 PH:“ENIX :
- 0.1
0.05
: i % 0.05}
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N ol e .
0050 1 | | | 1 | | " AuAu 0-20% [ Aui
N 0 Y Y T T T T T T T T T T T T O O A I L1 111111111111111111111111 R
1 2 3 4 5 6 7 8 ] 5 3 4 5 6
P [GeV/c] p. [GeV/c]
Flow magnitude is a real surprise! 9

PHSKENIX



J/1 suppression at 62 GeV!

arXiv:1103.6269

é _I LU I T 1T I T 1T I LI I LI I T 1T I T 1T I LI I_
o 1.4 —
B 2004 Au+Au, |y|<0.35, globalsys.=£12% |
12 ]
o 2007 Au+Au, 1.2<|y|<2.2, global sys.=+9.2% ]
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= —@—— \/5,= 200 GeV Au+Au (2007), arXiv:1105.1966
1.4 global sys. =+ 19.6%
= Peripheral (60-93%) : <N_ >=14.5+2.7
1.2 —— @ \/S= 62.4 GeV Au+Au (2010)
B global sys. =+ 11.6%
Peripheral (60-86%) : <Nco“>= 143+1.6
i I ..................................................................................................................
o F PHENIX Preliminary
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0.6 I I T
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No obvious pattern of the
suppression with energy density.

To understand color screening:

see as function of Vs, p,, r +

onium

d+Au to disentangle cold matter effects
10



First publication of W’s at RHIC

UA1
UA2
Do
CDF

o> DO > H e

300 400 500 600 1000

T T

\
pp — W*

pp—W

300

400

PRL106, 062001(2011)
® Measure 0, first look at A, with electrons in Run-9

.ié : Theory curves: FEWZ and MSTW08 NLO PDF;_Q_/i: FEWZ and MSTWO08 NLO PDF'’s & - .

A///

@ Starting with Run-11: precision W->

PHKENIX
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Other papers in the past year

)W, W', . 1105.1966
o production in pp,dAu, CuCu, AuAu 1105.3467
J/ suppression at high p; 1103.6269

Identified hadron spectra in p+p 1102.0753

Away jet suppression vs. reaction plane 1010.1521
J/y supression in cold nuclear matter 1010.1246
hadron cluster ALL 1009.4921

electron-hadron correlations PRC83, 044912 (2011)

meson m; scaling in p+p PRD83, 052004 (2011)
® ¢ R,, PRC83, 024909 (2011)

® 1 o and ALL PRDS83, 032001 (2011)

® J/y A, PRDS2, 112008 (2010)

® y-h correlations in p+p PRDS2, 012001 (2010)
® 1t°vs. reaction plane PRL105, 142301 (2010)
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Where we are now?
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signa. Optical transparency of mesh 88.5 %

elef-tr Optical transparency of photocath. 81.0 %
partner . Radiator gas transparency 89.0 %
positron " T t offici 0.0 %
needed for 3 ransport efficiency .0%
rejection & Reverse bias and pad threshold 90.0 %
| N, calculated 328 +/- 46 cm?
o Noe expected 20.4+/-2.9
N,. measured 20
N, measured value 330 cm

The highest ever measured N,!

Maintained for 2 years
Single electron charge peaks at 20 pe

- Double electron charge peaks at ~40 pe

->Good single to double separation

M. Makek, QM2011 1




In central Au+Au, must deal with scintillation light.

rejection of itV Dalitz electrons and upstream conversions

¢ Subtract <pe> to reject scintillation y

**Then, can reject upstream conversions
and nt? Dalitz pairs with single/double
charge cut

+»* This requires good gain calibration
throughout the entire run

+» Single electron hits studied w/ MC
¢->e*e emebedded in Au+Au data

*»* Double electron hits studied using MC
n'—>yy emebedded in Au+Au data

*»* Background normalization is underway

Run 10 Au+Au e+e- pair spectrum soon

’v

Single vs. double charge

HBD Charge [pe]

Single efﬁaency vs. double rejection
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Stripixel

VTX is installed and commissioned

® Successfully commissioned in 2011 p+p run

® Taking data in Au+Au now
Opens era of ¢/b separated R,,, v, at RHIC !

Au+Au@200 GeV, 2011

["yproj at x=0 (strip ladder==7) |

501

40F
30
201

10

I T SR Y | IO AR |ﬂ1”1—\mhmr—n|nm‘ it
-1000 -800 -600 -400 -200 0 200 400 600 800 100
yproj (um)

® DAQ upgrades (incl. DCMII, new EVB switch):
maintain same data rate! ~7 kHz p+p and 5 kHz Au+Au

16
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Barrel 0 (Pixel)
5 ladders

Np——T T

Ly @ Barrel 1 (Pixel)
S w10 ladders

8 ladders 12 ladders




N S Forward y
- open heavy

e — flavor physics
Fully Populated Large Disk | 'lp’ in AuAu
& dAu

E Wedge test

{ ,i [~ . to install for Run-12 I8

On track




Muon Trigger Upgrade

‘mulD

Trigger idea:

Reject low momen-

tum muons
mulD

Cut out-of-time south )

beam background

Upgrade:

o muTr trigger electronics: muTr 1-3 =» send tracking info to level-1 trigger

©RPC SN | myTr FEE + RPC3 took data in Run-11

PHRENIX RPC1’s to be installed for Run-12

jer




Muon arm background reduction

Stainless steel SS-130 absorbers, 12 tons each side (!)
2 interaction lengths, based upon simulations

e W AT T T

Installed on both muon arms during 2010 shutdown

20
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Muon trigger status, first look at Run-11 data
a) RPC Hit Map b) RPC-3 EfflClenaes

10 Al madules

# Top 2 C module
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| ] ] ]
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High Voeltage [V]

c) MuTrig-Efficiencies d) High p; Background

5o o] e ) =
Rejection power i . g o _‘ e ... ‘:‘ém
~1100 @ 2.7MHz .- ' "'w%-g« S
S/B~1/2 first look  °< § > B

-_
=
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0.2
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Compelling physics questions™

* utilizing new PHENIX capabilities
+ RHIC luminosity (stochastic cooling)

* informed by new insights from RHIC & LHC

PHKENIX
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Mysteries in heavy ion physics

€ Energy loss mechanism NSAC milestone DM11, 12
@ LHC 40 GeV jets opposing 100 GeV jets look “normal”
no broadening or decorrelation
no evidence for collinear radiation from the parton
@ RHIC low energy jets appear to show medium effects
but, “jet” is defined differently
> ¢ & b to probe role of collisional energy loss VTX, FVTX
> quantify path length dependence U+U, Cu+Au
@ )/ suppression and color screening NSAC milestone DM5
amazingly similar from vs=17-200 GeV; but initial states differ
not SO different at LHC

> Other states y & Vs dependence (e.g. \’) FVTX, statistics
> d+Au for initial state; 130 GeV Au+Au eventually?

23
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Mn/s vs. Vs, using v, + v, + hydro

arX|v 1105 3928

N Al T I T A IR T U U I T (A TN A U
S 03f (a)v P, = 0.75-1.0 GeV/e (b)v P, =1.75-2.0 GeV/e
025" @ pHENIX - E
0.2 A KLN + dmy's =2 “f&:ﬁ~ -
0450 Glauber + 4my/s =1 (1) ,A--*f:%:\ E
o 99 Vp ! i ]
0.05F ﬁ‘k@ﬁ T V9 ;
: ISR :
01_....l....l....l....l....l....l....l...?-i_..‘.l....l....l....l....l....l..,.l...—r
() U U U U | U LU U AU UL U IRt
> o1k (©) v, P, =0.75-1.0 GeV/c 1 (d)v,p =17520GeVlc -
i T To.. .
0.08?0 UrQMD + 4mry/s =0 + 27 G\ ________ -0 .
- £ Glauber + 4ny/s =1 (2) . ’. TT ARG SR
0.06[ \ I':~0© .
2 vV, |, NG
0.04E ‘.@m“ - 3 ‘/,—A“"—‘ ALl
002 V  pA X% T .
of A T A i
056700 T80~200"250 300 350050 100" 180~200" 250 300 350"
part Npart

e e
B 2
T

Energy scan
driver for
PHENIX

Will also need
help from theory

Glauber CGC

Smaller Larger
eccentricity eccentricity

NSAC milestone DM9
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gluon & sea quark polarization

0.04 |- XAu I xAd _ 0.04
0.02 F E .
Current best : :
5 0
knowledge SR :
from glObal 002 [ — DSSV > -0.02
[ ---- DNS DSSV Ax’=1  AF i
ﬁtS R F —— GRSV DSSV \;1,./_;3(,;“::— E -0.04
St DUV SRRTIY: B
0.04 & XAs I XAg -

Stl” o.ozi— _ e ,f\\\ : -
C 1E e N a4 0

[ ] (] - > [
surprisingly N V. i S N
po= SR | \_//\\ 0
small . A 3
- 1 301
-0.04 L Ql = 10 GeVz ] E — — GRSV max. Ag : n
E B | , | GRS\; min. Ag ; o Jdoo2
D - i | N
10 ~ 10 l X 10 ~ 10 I X

® 500 GeV p+p: w° A, to constrain Ag (0.01<x<0.3)NSAC milestone HP12
central/forward correlations tag kinematics = NSAC milestone HPS

® W A at forward, backward, mid rapidity for Au, Au, Ad, Ad
.I "iI'II. 25



Transverse single spin asymmetries

® A, ~ 0at mid-y, large at forward rapidity. Why??
Initial state correlations between k; & p spin? (Sivers)
Spin dependent fragmentation functions? (Transversity x Collins)
Effects at sub-leading twist? (Qiu, Sterman)

PHENIX Prelimi ,\'s=2 0.08 — . .
= 0.25 . reiminary \E o F —  PHENIX Preliminary Pol. beam direction « x>0.4
— Vertical Scale Uncertainty: _  Single Clusters, p+p\/s=200 GeV 0.4
02— 0.06[— Vertical Scale Uncertainty: 4.8% } © Xe<=U.
& o [~
015 — w; ______ e PR * 0.04— } t * '
01  omE N
- oo 0.02—
0.05 — - % !
0:— ----------- P Y - ’ 0:_ ----------------------------- {) ---------------- é ------------------ {’ -------------------------------------------------
-0.05 f— -0.02 :—_ _
0 > —a ' ' ' P, (GeV/c)

@® Past measurements statistics limited more 200 GeV data!

NSAC milestone HP13 (sign change in Sivers asymm. in DY)
e MUl requires 125 pb! in PHENIX



PHENIX beam use proposal

run species /snyn  weeks /Ldt pol. comments

|z| <30cm |z| < 10cm

p+p 200 5 13.1pb~! 4.7 pb~1 60% (T) HI comparison, | spin
p+p 500 8 100 pb~—! 35pb~1 50% (L) W program + AG
12 Au+Au 200 7 0.8 nb1 heavy flavor (F/VTX)
U+U 193 1.5 0.03 nb~1 explore geometry
Aut+Au 27 1 52 ub! energy scan
p+p 500 10 200 pb~1 74 pb~1 60% (L) W program
- p+p 200 5 20 pb~1 4.7 pb=! 60% (T) HI comparison
Cu+Au 200 5 24nb~! control geometry
U+U 193 5 0.57 nb~! explore geometry

NB for Run-13 (Adds up to 30 cryo weeks)
Relative priority of CuAu, UU, more AuAu TBD by Run-12 results

27
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PHENIX beam use proposal

run species /snyn  weeks /Ldt pol. comments

|z| <30cm |z| < 10cm

p+p 200 5 13.1pb1 4.7 pb~1 60% (T) HI comparison, | spin
p+p 500 8 100 pb—! 35pb~1 50% (L) W program + AG
12 Au+Au 200 7 0.8 nb1 heavy flavor (F/VTX)
U+U 193 1.5 0.03 nb~1 explore geometry
Aut+Au 27 1 52 ub! energy scan

Additions if we get a longer Run-12 (in priority order)

1.5 week of 62.4 GeV p+p for Jiy & open heavy q R,,
1.5 week of 39 GeV p+p for ni° R,,
Add 1 week to 27 GeV Au+Au to improve reach

28
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Ordering request

® We request to run 200 GeV p+p first
FVTX commissioning
avoid letting any downtime affect W program
RPC1 commissioning
be ready for the W measurement
Polarization development time (?)
may help optimize machine performance for 500 GeV

® Then 500 GeV p+p
Followed by low energy comparison running, if S permit

® Switch to ions
Do 200 GeV Au+Au first
Probably should follow with 27 GeV Au+Au
lower priority for PHENIX than U+U test

29
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PHSKENIX

How well will we do?
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Run-12 top priority: progress on W program

| W* - u*, 300 pb”, 55 Polarization, S/BG 3.00 |
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Requires [Ldt=900pb*
delivered in Run-12+13 '



50% polarization performance
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Constrain dbar/ubar with W+/W- ratio

& 1
?E_ — MRSSO' Symmetric g sea
e cTEQs | |
6 { ----------- MSTW2008 L asymmetric
E t R e GIRO8
SE=
g
S
3
2~
=
= .
-2 15 i 0.5 [ 05
Y
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A concern

® RHIC performance for 500 GeV polarized p+p
Not up to the usual RHIC standards
We only got [Ldt=18pb! within our vertex cut of 30cm
Polarization was ~ 50%

® 300 pb!in 30 cm is necessary for impactful measurement!

Plots are for 55% polarization; current performance is
close to what’s needed

® Can this program be completed in 2 years?
NSAC milestone HPS8 is set for 2013
If we do not reach in 2 years, will request one more run

34
PHKENIX



o
o
a

for Ag : n° A, at 500 GeV

\'S = 200 GeV

dN/d(log x)
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Small AG: a challenge!
500 GeV reaches lower x

with higher luminosity

PHKENIX

0,01~ PHENDX: pp — ="+X
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Uncertainties for Run-12

only; vertex cut of 10cm
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For Ag: MPC nt° and dihadron A,

@® For Run-12 + Run-13 500 GeV p+p run

® Plot: A, for single clusterin 3.1 <1 <3.8
will use dihadrons as in d+Au analysis, also

| i 0 - | x10°
MPC single n°, DSSV-MIN X X gluon
0.003[ 80
0.002[ o
] ] 60—
0.001— : -
N % J 50F
o B R 40F-
30
0.001— -
20
0.002 10:_
0,003 | | | | . L1, o— | | Lovialiornl |
V{22 6 8 10 12 14 4 35 3 25 2 15 1 05 0
P; log10 x2
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200 GeV p+p in Run-12+13

® Double duty:

reference for c,b in AuAu + transverse spin physics
® Assume [Ldt=33pb-tin 30cm with P=0.6

(4 x existing lumi, better polarization) Hadron pairs: IFF in
["x>0.4, Integrated Luminosity 33.0/pb, Polarization 0.60 | B central arms
>0.09 _ - e b =>» isolate transversity !
< ,,,| Characterize p; e FRun-3-pp Resak T oo . e
- o Projected Error I jon- | Expand to Collins using mid-
o o07| dependence o2 3| |
P 006 —'1’ Py _ -MPC hadron correlations
= . )2
8 0.055— ! E | run 2006 and 2008 data
0.04F —-““*‘--.‘-‘ N
O E + I |
Q. 003 b o m -
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Run-12 next priority: 200 GeV Au+Au

® Utilize our new silicon detectors
Key data set with VTX — Au+Au and p+p comparison
First run with FVTX to look at forward rapidity

® The era of separated charm and bottom measurements
Help constrain energy loss mechanism
radiative energy loss differs; role of collisions?
compare with AdS/CFT picture
Heavy quark diffusion: different, sensitive probe of /s
Also important to measure 1’ at forward rapidity
help sort out initial state effects vs. dissociation
(I don’t believe in accidental cancellations...)

® 3" priority: 200 GeV p+p comparison forc, b R,,
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Run-12 next priority: 200 GeV Au+Au w/VTX

1.4 HQ Diffusion (van Hees et al.)
B c—>e(2nTD=4,6, 30)

N be(2xTD=4,630) For 29M mb Au+Au events
- j@ ctb>e(2nTD=4,6,30)

7 weeks in Run-12: 0.8 nb1

2
o

o 4 g

% o5 '-.%1-'1-';::3;1;;{, + + (~4B events) in 10cm

c : o

&;o_s Error bars Run-12 alone x V6
14

e
>

o ¢, bR,, to ~ 5GeV/c

B |
02 LI + b v, to ~ a few GeV/c
|III||III|||II||II|||III|IIII|II|||IIII|IIII
0 1 2 3 4 5 6 7 8 9
pT [GeVlc] HQ Diffusion (van Hees et al.)

. c—>e(2nTD=4,86,30)

> b—e(2xTD =4, 6, 30)

0.14 ctbh>e (2nTD=4,6,30)

NB: Statistical power of VTX 0.2
data from Run-11 is not yet .
known o

0.04

-
.
-
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0.02

W
....
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RS, ° with FVTX

Run-12 FVTX physics

4.2
@C [ Charm+beauty with FVTX

1.—

0.6

{
0.4 %

0.2~

— e e
_____

| pp: 8pb* (p, <3 GeV) 24pb* (p,>=3 GeV); AuAu: 1.25nb*

Collisional Dissociation

o—llll|IIIl|IIII|lllI|IIIlIII

1 2 3

PHKENIX

4

6
P, (GeV)

Run-12 Goals:
® Commission

@ Collect first part of the
data set at left

~1/6 of 4.6 nb! minbias

@® One run already has
discriminating power for
energy loss models
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" \Distarfce of Closest Approach

FVTX performance simulations

prompt

Silicon planes / '

Kl 40 cm

Simulation

Extracted b/(c+b)
Real input b/(c+b)

c,b coverage

AT IR T B L [l Ve e

— X

(=]
&
TIITT0
>
»

e
=

dN/d(log x) [a.u.)
=
1=
©w

0.02

Beau‘ty - U (h]l:12-2.2)
— Xy

— Xy

o
o
S

dN/d(log x) [au.]

AN | saaal

10° 102 107!

Fit DCA distribution in each p; bin with
sum of individual c, b contributions.

Iterate to constrain D and B p;
distributions.
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4t priority: U+U “engineering” run: 0.5 + 1.5 wk

Glauber MC simulations show:

100 | — | 200
o | :Zf-:«sv)fm-’ wa | Goal: vary ¢, eccentricity
_ . U+Ucentral 7190
g 6o 00 The problem
g i l 100 =
~ 40 “ .
| AutAu s The solution: 200M evt
20 :
- ~ 400k tip-tip events
0 100 200 N' 300 400 00

10

H

Wﬂn

10‘i?HFfHf»"""ﬂmr___“—‘““‘hkaIIE:H
103_

wh 0.2% of Ny, 0.04%

-
10 20 40 60 80 100 120 140 160 180

Uranium Nucleus ® Angle (degrees)

| PHAENIX

O IO N O S O O
400 600 800 1000 0 005 041 045 02 025 03 035
26%0.97( Npart2) +0.13*Ncoll) sqrt{pow(VarY- VarX 2 +4. vowVarXY.2W VarY+VarX)

€Epar
Nch Epart,

1l
0 200



5th priority: 27 GeV Au+Au

0.18
Au+ Au 10-40%

O P 0.69 GeVic

e P 1.41 GeVic

0.16

0.14

0.12

0.1

0.08

@

O !

0.06

0.04

0.02 PHENIX Preliminary

V2
T | T | T | T | 11 | T | 11 | T | T
——

=]

10 102
\'S (GeV)

PHSKENIX

PHENIX beam
energy scan
goals:

* v, saturates
where?

- Constituent
quark scaling?

*V3 VS Vs?

- Vs dependence
of n/s?

*R,, reaches 1.0
where?
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v, performance

Au+ Au Collisionys=27GeV

Au+ Au Collisionys=27GeV

01- 01
o= L \s=27 GeV o Vs=27 GeV
.08 ¢ K':K' .08 ¢ K':K'
.07 e i J .07 e
0.06— 0.06—
S0 . vt*i*”? [ s - i
ooaf_ 'ﬁﬁ ?64; 11t ooaf_ 1 +T :
003} .,.9”'3' 0.03) ’ .
0.02} E . 002 St .
oot ,or* vertex in £ 30cm oot 3 vertex in £ 10cm
E...l T BT ETETE FTETE AT PR T N P N EA‘AL 1 11l i ETETE FTETE NS ST FETEE ST ST
% o1 02 03 04 05 Qs 07 08 03 1 % o1 02 03 04 05 08 07 08 039 1
KE,/n (GeVic?) KE,/n (GeVic?)
| Events needed for given stat. precision light quark RAA | R
S 05p — 1 week of running
* F S 2k Geve 7 Gav
Vertex cut  gosp S oo (~11M events)
- F 5 GeVia 22 GeV
+10 cm & oaf- A e ® uncertainty at
o3 * M b Pr= 3.5 GeV:
02f . e e ~14% at 27 GeV
- o o e .
o1t o o . ® Marginal for n_
- i il gl 1
0 1 10 107 Scahng 44
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5t priority: low E p+p comparison

® Currently we rely upon extrapolation for 62 GeV
Considerable uncertainty for R,
Unavailable for heavy flavor electrons or J/4

® 62 GeV requirements
4.5 pb! p+p equiv. Au+Au * R,,=0.25 31.1 pb
4.8 x103° /cm?/sec 90.124 pb! per day & 9 days

® 39 GeV requirements
Rate is half as large; n° R,,=0.4 @ p;=3.5 GeV/c
1.6 pb! p+p equiv. Au+Au * R,,=0.4 0.64 pb! 3 10 days
® NB: It may be preferable to live with interpolating 39 (and
27) GeV p+p if we pin down at 20 GeV
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Run-13 Physics goals

@® Reach 300 pb-1 sampled for W in 500 GeV p+p

® 200 GeV p+p for VTX, FVTX comparison and transverse
spin physics

@® Control geometry to quantify path length dependence

U+U if successfully demonstrate selection cuts
5 weeks for [Ldt=0.57nblin 10cm (4B mb U+U events)
First Cu+Au collisions

® May replace one of these with full energy Au+Au
Depends on FVTX commissioning in Run-12

46
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Cu+Au: 2.4 nblinto 10 cm vertex cut

® Cu buried inside Au for most central collisions
Minimize effects of the surface on hard probes
select top 3% centrality for this (300M events)

® Eccentricity without left/right symmetry for non-central

collisions
Non-fluctuation source of odd harmonics
e = =
- m - RMS x 2618
=
H
4]
o
)
(@)
4]
o
§ 30C .i\ -y - 18(
Multiplicity
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PHENIX beam use proposal

run species /snyn  weeks /Ldt pol. comments

|z| <30cm |z| < 10cm

p+p 200 5 13.1pb1 4.7 pb~1 60% (T) HI comparison, | spin
p+p 500 8 100 pb—! 35pb~1 50% (L) W program + AG
12 Au+Au 200 7 0.8 nb1 heavy flavor (F/VTX)
U+U 193 1.5 0.03 nb~1 explore geometry
Aut+Au 27 1 52 ub! energy scan

Additions if we get a longer Run-12 (in priority order)

1.5 week of 62.4 GeV p+p for Jiy & open heavy q R,,
1.5 week of 39 GeV p+p for ni° R,,
Add 1 week to 27 GeV Au+Au to improve reach

48
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PHSKENIX

@® backup slides
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Direct photon flow ingredients

200GeV Aut+Au 20-40%

o~ C
> 025
£ r PHENIX Preliminary
?. —
0.2 )
: Ylnc. V2
015 LY
0.1 jﬁ
0.05
- y'"¢ v, with external
o : ............. conversion method ...............
-0.05
IIIIIIIIIlIIIlIllIIIIIIIlIIII I Ill
1 2 3 4 5 6 71 8
P [GeVic]
PHKENIX

@ Key cross checks:
Yinc are really y’s:

check using y-> ete-

Ry for virtual vs. real vy

0

real photon

virtual photon

N(y™) ING)

R,
\

N
IIIIIIIIlIIIIIIIIIIIIIIIIIIIIIIII

| | | | | | | (d)l

0 2 4 6 8 10 12 14
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Ph.D. theses

20T

20

Number of PHENIX PhDs Awarded

13

10

1
|
T T T T T T T T T T T

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011

Year

PHSKENIX
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Basis for time estimates

syy  ave.lumi. o (b) Events/Day Events/Day
(em™2sec™1) in 30 cm in 10 cm
Au+Au
18 6.00 E4+25 6.8 3.73 M 1.24 M
27 8.00 E4+25 6.8 4.98 M 1.66 M
p+p
22 2.50 E+29 0.03 68.6 M 22.9 M
27 6.00 E4+29 0.032 176 M 58.5 M
39 2.40 E+30 0.033 724 M 241 M
62 4.80 E+30  0.0356 1.56 B 521 M
@® Projections from W. Fischer
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HBD performance: figure of merit N, and single electron
detection efficiency

¢ The average number of photo-electrons

Npe in a Cherenkov counter: Optical transparency of mesh 88.5 %
— ical f ph h. 1.0%
| Npe _ NOL/)/é Optical transparency of photocat 8
with: Quantum efficiency kept constant
N, = hgfs(E)dE =714cm™ during the two years of operation!
° C
Yin = 29 I I
* bandwidth: 6.2 eV (Csl photo- .
cathode threshold) - 11.5 eV (CF, .The h'ghESt ever measured No!
cut-off)
N, measured 20
N, measured value 330 cm™?

The high photoelectron yield > excellent single electron detection efficiency:
-> Single electron efficiency using a sample of open Dalitz decays: € ~ 90 %

-> Single electron efficiency derived from the J/W region: € = 90.6 = 9.9 %

PHKENIX PH ENIX M. Makek, QM2011
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CF,: good N, but it also scintillates

Analysis steps (being optimized now):
1. Subtract underlying event

2. Reject electrons created downstream of the
HBD

3. Reject ntY Dalitz, conversions created
upstream

MC study: Matching to HBD only:
S/B—> 8.45/B

350011

3000 Electrons/event Electrons/event

Origin of electrons Central Arms Central Arms + HBD

Efficiency Rejection

2500}

2000

_ Signal 0.17 0.14 0.83
1500
! Downstream convers. 0.85 0.09 9.7
1000
500? Misidentified hadrons 0.33 0.07 4.7
R TR LT Other electrons 0.22 0.15 1.5

Cluster charge (p.€)

54
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Ni / Ntotal

Beauty & charm separation at different

muon p.

Extracted fraction u from D / B / Bkgnd

17I T T | T T 177 [ T 17T ‘ T 1T 1T | T 1T [ T T 177 ‘ T T 17T | T 1T 1T ’ T 171 ‘ T T ]
~ - NB / Ntotal —
0.8— ° ND / Ntotal —
B A i
0.6 ]
0.4— —
0.2— —
0 _l L | L1 11 ‘ L1 11 ‘ L1110 | L1 11 ‘ L1 11 ‘ L1 11 | | | [ L1 11 ‘ L1 1

PHSKENIX

b ratio

h_bratio

IIIIIIIIIIII | I I

= Extracted b/(c+b) E
= True b/(c+b) in PYTHIA -
2 o 3
R I T I S Y S By S S
upT(GeVlc)

‘ with 1 pb- stat | 10 pb-1| 100 pb-




Low energy p+p comparison running

L4 e LR R
ME 12 E PHE\D\ prellnundr\ E Measurement Way
& [~ vertical normalization error on p+p rf. not shown: -
1 [ 25% (fit world data), 19% (PHENIX data) ] bEtter than ﬁt!
a8 E_ . # s . ® 624 GeV (word p+p ﬂtret’.lé But, p_l_p data run Out
R ® 624 GeV (p+p data ref.) -
06f 4 ”+ - at 7 GeV/c py so we
C L 3
04 W e ! “ E request new run
0.2 ____ =0 Preliminary, 0-10 % central + E
O T s ';,' B Arleo & d’Enterria,
pr (GeVic) Phys.Rev.D78:094004,2008
3 pp — © X (rescaled to\[s = 22.4 GeV)

® Key: p+p data at Vs =
22.4 GeV

® 7,\s = 21.7 GeV - EHS-NA22 [adamus88]

7% \/s = 21.7 GeV - FNAL E-063 [carey76]
ps ‘ 7°,\[s = 22.8 GeV - FNAL E-063 [carey76]
: ® 7% \s = 23 GeV - Brit.-Scand.[alper75]

,_J_‘|||IIII|HII|HII

2
e - ! ® 7%\/s = 23 GeV - Brit.-Scand.[alper75]
‘ For CU+Cu StahShCS, 15 |I f ® 7°\s = 23 GeV - CERN-WAT70 [bonesi89]
o -1 ) l | ” ® 7°%\/s = 23 GeV - FNAL E-063 [carey76]
| |
re q u I re 0 ° 0 1 p b il la ! L |L IIE J I;' l “|! |‘! Llll I! | ' 70,\s = 23.3 GeV - R-107 [lloydowen80]
1 [ o ,“ A ‘: i i i“ " i|| 1 7% \[s = 23.5 GeV - CCRS [busser76]
I ° e ° 6 d ays + E | J l TI# 1 J “l ! i H II‘ ® 71°%\/s = 23.6 GeV - ACHM [eggert75]
05— + J ® 7°\/s = 23.8 GeV - FNAL E-063 [carey76]
C h a n ge Ove r - + \ ® 71°,\/s = 23.8 GeV - CERN-NA24 [demarz87]
0 i . . ' ® 7°\/s = 23.8 GeV - FNAL-E-268 [donalds78]
1 10
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heavv quark suppressmn & flow?

L A A AR AR PRL.98: 172301,2007
E arXiV- 1005.1627

Collisional energy loss?

v, decrease with p?

role of b quarks?

+ y HF
e e v,

— Greco et al. ¢ flow I:] van Hees et al.
--- Grecoetal. nocflow van Hees et al. no reso.
Zhangetal.iOmb == van Hees et al. c only

Zhangetal. 3 mb

IIIIIIIIIIIIIIIIIIIIIII
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104 ry AuAu,\s = 62 GeV,PbSc 10"4
1 013 A A A n’o: MBias, scaled 13
12 A A 1% 0-10%, scaled 10
10 A A 7% 10-20%, scaled 12
A x 10
1 011 A A A A noi 20-402&, scaled 1011
A n”: 40-60%, scaled
>1010 L. a A WA 7% 60-90% >1010
o 10° e B A o 10°
2 10° fatlita L. 2 10°
2 107 Lara - % 10’
S 102 =\ faa D '5.102
= 10° ‘a A fa B0
[0 103 A A o 10
102 & A . A f 102
110 0 . 110 0
10_1IIII|IIIIII|II|IIIII[IIII 10_1
01 2 3 4 5 6 7 8 9 10 0
Previous p; reach P, [GeVic]
(RUH-4) 181: A R AUAU,\'S = 39 GeV, PbSd
A 1% MBias, scaled
1012 A A nz 0-10"/::), scaled
Enhanced pyreach | jop | u, - Lnniiin
(Run-10) AL O R i
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S ook L tasia
A
S107F A A, s
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A A
t% 104 ‘ A ‘ A * .
10 A, A A
10° . A
10? A
10
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Jet suppression in Run-10
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AuAu,\'s = 62 GeV,PbGlI
A 1°: MBias, scaled
A 7°: 0-10%, scaled

Run-10

Raw 7!
yields

n%: 10-20%, scaled
A A 1% 20-40%, scaled
A R n°: 40-60%, scaled
A A 1% 60-90%
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A
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Cold Nuclear Matter (CNM) and Low-x Partons in Nuclei

other probes of shadowing & gluon saturation - forward hadrons

Dilute
5;::::\ - < P; is balanced
by many gluons
(deuteron) e e
Dense gluon of o
field (AU) 0.42 Error sets 231
Mono-jets in the gluon saturation N
(CGC) picture give suppression of Biorken x
pairs per trigger and some \'s =200 GeV p+p, d+Au > h + 7’ + X PH_ENIX Preliminary
broadening of correlation - Forgard Foryard Mid-Forward

Kharzeev NPA 748, 727 (2005) -

Jaa
—
| I IIIIHI
|
—O—
-
=
-

d+Au 60-88 p}’ltvd d+Au 0-20 p"
10 O 0.5-0.75 GeV/e ® (.5-0.75 GeV/c
- 0 0.75-1.0 GeV/e B (.75-1.0 GeV/c
B A 1.0-15 GeV/e A 1.0-1.5GeV/c
10 - frag 1072
XAu

Au \/;

ofrs_SPn>e "+ <pp>e™ 6/21/2011
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F ut ure H I Yeann| # ||Milestone
2009 DM4 | | Perform realistic three-dimensional numerical simulations to describe the
° medium and the conditions required by the collective flow measured at
Milestones RitiC
N 2010 DMS5 | | Measure the energy and system size dependence of J/Mproduction over
PH ENIX the range of ions and energies available at RHIC.
ot 2010 DMG6 | | Measure e'e production in the mass range 500 < meie-< 1000 MeV/c2 in
PH ENIX Vsnn = 200 GeV collisions.
. 2010 DM7 | | Complete realistic calculations of jet production in a high density medium
Requ1res upgr ade for comparison with experiment.
—
TN ‘26‘1'2’ DMS8 | | Determine gluon densities at low x in cold nuclei via p + Auor d + Au
PH ENIX —| collisions. -
2015 DM | | Measure bulk properties, particle spectra, correlations and fluctuations in
T (new)| | Au + Au collisions at Vsxy from 5 to 40 GeV to search for evidence of a
PH ENIX critical point in the QCD matter phase diagram.
2014 || DM10| | Perform calculations including viscous hydrodynamics to quantify, or
(new) | | place an upper limit on, the viscosity of the nearly perfect fluid discovered
at RHIC.
T },0—1—4"'DM1 1| | Measure jet and photon production and their correlatio?sM\
PH ENIX ion-+i llisions at energies from Vsxn = 30 GeV up to 5.5 TeV.
~— (new)| | ion+ion co g NN P [
_—
2016_LLBNTZ[ | Measure production rates, high pT spectra, and correlations 11 T =ion
— ‘/ (new) | | collisions at Vsyn = 200 GeV for identified hadrons with heavy[;lz:?:r]\
PH EN Ix \ valence quarks to constrain the mechanism for parton energy loss in the
~~———__| | quark-gluon plasma. ]
. | 26187[| DM13| | Measure real and virtual thermal photon production in p + m
PH ENIX ‘\ (new) | | Au + Au collisions at energies up to Vsnn = 200 GeV.

___/




Spin Physics Milestones

Year

Milestone

2013

PH ENIX| ——

HP8

— |

Measure flavor-identified q and{¥}q contributions to
the spin of the proton viathe 10ngitudinal;spin/

asymmetry gi g production.

—

—

~—— 12013~ | HPI2 Determine if gluons have appreciable polarizatiomr—_|

PH EN( over any range of momentum fraction between 1 and
T 30% of the momentum of a polarize

—~— 2015 HP13 Test unique QCD predictions for relations between

PH ENIX single-transverse spin phenomena in p-p scattering

and those observed in deep-inelastic lepton
scattering.

PHSKENIX
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AG not large: sea quarks polarized? d vs. u?

Probe A0_|-Aq via W production

—
Ad+u —W- P
Au+d — W~
Ad+u—W"*
Au+d —=W*
p unpol.
g — O _—
100% Parity-violating: —Ajy, = ks
O+ + o_

Start: 2009(tests)/2010(trigger) with 500 GeV p+p
PHKENIX
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Barrel VTX Detector

® Specifications:
Large acceptance (A¢ ~2 x and n| < 1.2)
Displaced vertex measurement 0 < 40 um
Charged particle tracking op/p ~ 5% p at high pT
Detector must work for both HI and pp collisions.
® Technology Choice
Hybrid pixel detectors developed at CERN for ALICE
Strip detectors, sensors developed at BNL with FNAL’s SVX4 readout chip

Hybrid Pixel Detectors (50 um x 425 pm) at R~2.5 & S cm
Strip Detectors (80 um x 3 cm) at R~ 10 & 14 cm

. I M
strip layers : |7]|<1-2
¢~ 2w
I pixellayers ] z~+10cm

beam pipe

I ” ) 64



Forward Silicon Vertex Detector - FVTX

FVTX Specifications:

® 2 endcaps

4 pixelpad layers/endcap
~550k channels/endcap

Electronics a mod of BTeV
readout chip

Fully integrated mech design w/
VTX

® 27 coverage in azimuth and 1.2
<|mnl|<24

® Better than 100 um displaced
vertex resolution

65
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Forward Silicon Vertex Detector - FVTX

Enhanced x coverage

T

T
GS95

Physics Program of FVTX includes oot s
® Resolving J/2 and ¢’ in Muon arms w2 P
vwrneo-o | @ Resolving Y at y=0 using Muon arms §06
ll"‘7‘1 100 ® Direct measure of B meson through displaced J/y
‘ | Jlu Vertex Posiion ® Drell-Yan Measurements in dAu at both forward and _02_3_ oo _ ’ |
‘ Bt J Ap = i midrapidities N ‘° " L
’F Prpmpt ® ¢, bID for both Hl physics & AG spin measurements
Y o W | ® Nuclear modification factor (CGC effects) in dAu using
A }

hadrons, ¢, b, and J/y

“h‘ 0.1 0 0102030 /05706 0.7 0.8
JAp, ¢’ separation
[ n: ----- invariant mass distribti ] D:muon invariant mass distribtion
¢, b suppression at forward g — E AutAU
% .
1.2

n?'z’ - 10* k_‘_‘_‘_‘_‘ i 10t
1:_ Charm with FVTX(14pb-1) ; Beauty with FVTX (14pb-1) decay + decay
: Collisional Dissociation 10° ClEEE < [FIIED 10°
\ Collision al Dissociation
0.8 » 0.8~ \\ 2 28 3 Im?ésrlant Ma:s (G-evt:)'5 2 25 3 Im?ﬁsriant Ma:s (Gevf::‘)' s
r \\\ before_mass after_mass
- \ . =
0S5 0.6/ O\ 10t o
L < E
PRI } i :{ ~ F
briiid Pt wh Wi
0_4\ 0.4~ p e S E
\ N — — F
C - e 10° 10°E
S —
0.2 0.2
L 102 107
o of ; i
I P I I NS SR W S v b v b b b Lo b L s 10% E
i 2 3 & 5 6 Z 8 9 10 1 2 3 4 S 6 7 8 9 10 SN | ST I | | ST I I
pT (GEV) 1 2 5 GeVv 1 1




