PHENIX Beam Use Proposal for Runs 11 & 12

® PHENIX productivity
® Accomplishments in Run-10

® Upgrades for Run-11
Big drivers of our beam use proposal!

® Beam Use Proposal
Run-11
W asymmetry, heavy flavor in medium
Flow/jet quenching excitation function
U+U “engineering run” for event selection
Run-12

Barbara Jacak for the PHENIX Collaboration

Special thanks to Stefan Bathe (Run-10 Coordinator)
http://www.phenix.bnl.gov/WWW/publish/jacak/sp/presentations/BeamUsel0/BUP10.pdf




What does PHENIX do?

Our key physics goals
Establish nature of RHIC’s new state of matter
sensitive, rare probes: di-leptons, heavy flavor, jets
Spin of the proton:
d, q polarization & parton/nucleon spin correlation

® PHENIX philosophy
Rare process sensitivity
High rate capability + selective triggers
Precision measurement in multiple channels
Incremental upgrades of capabilities

® Keep up with data analysis in parallel with:
taking data
constructing upgrades

writing high impact papers (27 topcite 100+, 29
Lo topcite 50+, and 3 with 49 citations)




® 88 papers published, 51 of them PRL’s

How well do we do it?

® + one in proof, 6 in referee process
® 3 major archival papers within the last 12 months!
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Recent scientific accomplishments

® Thermal radiation at RHIC PRL 104, 132301 (2009)
® Di-electrons in Au+Au & p+p PRC81, 034911 (2010)
® heavy flavor R,, and v, 71005.1627

® y-h and h-h correlations 1006.1347, 1002.1077

® Jhp polarization 0912.2082

® 1, ¢ suppression 1005.4916, 1004.3532

® high p; n® v, PRC80, 054907 (2009), 1006.3740

® Meson systematics in p+p 7005.3674

® Charged hadron v,, v, 71003.5586

® Helicity sorted jet k; PRD81, 012002 (2010)
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PHENIX is productive & educational

® 104 Ph.D’s granted, to date
® 24 Masters’ degrees
® >90 students currently working on PHENIX
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Milestone! PHENIX data rate >1 PB/year

Raw Data Collected in RHIC Runs |2 ~un 2 A-AU
E Run 2 p-p
OO0 Run 3 d-Au
- O Run 3 p-p
1000 B Run 4 Au-Au 200

O Run 4 Au-Au 63
B Run 4 p-p

O Run 5 Cu-Cu 100
B Run 5 Cu-Cu 62

o
o
o

Terabytes
(@)
o
o

400 @ Run 5 p-p
200 0 Run 6 p-p
O Run 7 Au-Au
0 = B Run 8 d-Au
BRAHMS PHENIX PHOBOS STAR |ERun38p-p

B Run 9 p-p

Experiment
B Run 10 Au-Au

® Production teams drawn from collaboration
Run-10: Jeff Mitchell, Nathan Grau
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Unprecedented data range & precision
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So, how are we doing?

NB: Run 10 just ended,
have unprecedented >1 PB In the “can”!

PHENIX physics in Run-10 :
low mass dilepton excess
Jp suppression

excitation function for flow and jet
quenching

But, we have analyzed Run-9...

PHKENIX



Run-10 focus: Hadron Blind Detector

Windowless Cerenkov detector with
CF4 avalanche/radiator gas (2 cm

pads)

glectron
L4

signal

partner positriﬁ

needed for .'
rejection <
g:l
i
Removes Dalitz & conversion
9

pairs (small opening angle)




HBD response in Au+Au same as Run-9

From initial analysis of peripheral Au+Au events
Expect good separation of signal & background!
Background suppression: effective statistics up by 6-16

Signal (separated electrons): 2 e backgrd (Dalitz, conversion):
~ 20 photo-electrons 40 photo-electrons

Au+Au 200 GeV data, charge of the matched clusters Au+Au 200 GeV data, charge of the matched clusters
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Excellent Collider performance!

Table 1; PHENIX Data Sets in Run-10

SPECIES /sy Requested Recorded Recorded (events)

Au+Au 200 1.4 nb™" 1.3 nb’ 8.2G
Au+Au 62.4  350M events 0.11 nb™! TOOM
Au+Au 39 50M events 40 pb=t 250M
Au+Au 7.7 0.26 pb—1 1.6M

~__~"

So, what do the larger than expected data sets allow?
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PHKENIX



Q1: low mass di-electron excess?

In central collisions Run-4 PRC81, 034911 (2010)
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Not hadronic
Not q-gbar
Not charm...

Speculate (bvj):
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Source of low mass, low p-

excess?
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HBD impact in Run-10 200 GeV Au+Au
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Constraints on in-medium p?
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62 GeV goal: Dilepton physics

With ~400 million recorded in = 20cm
minimum bias events and

AN AL LRSI UL IR UL R
min. bias Au+Au at\[s, = 200 GeV

* DATA 2 vee Jy — ee

102f M<035 .. n— yee oy —oee
L. P;>02GeVic ___ o . aa T (s:EnT ee (PYTHIA)
1) a similar low mass enhancement 10 288 wunm G5 69 (random comelation
w— b1d

to our published Run-04 AuAu @
200 GeV result
2) predicted background rejection

increase statistical significance x 2.

1N, dN'dm,, (c¥GeV) IN PHENIX ACCEPTANCE

av

The Run-04 @ 200 GeV low mass | - S e
enhancement is 2.6 ¢ effect.
B "
. ~
Thus, the Run-10 @ 62 GeV result 5 rd
] 8 — //
would be a 5.2 sigma effect. S s -
-3 o
5 L Ve
62.4 GeV improvement factor w.r.t. < [ //
© 44—
Run-4@200GeV = T e 4 weeks
as function of # of events ¢ o 7 400 M events
>
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Dilepton Measurement at 39 GeV

How do dilepton excess and p modification at SPS
evolve into the large low-mass excess at RHIC?

1/N

10"

dN/dm,,

evt

o

® 200M events in £ 20cm vertex

® If excess same at 39 GeV as 200

Measure x4.7 * 0.77(total);
6 o result

If excess is 1/3 that at 200 GeV:
Measure x1.57 * 0.77(total)

*NB: BUP request was 400M
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NB: study is tricky, no simple scaling rules

combinatorial background | N_*and | ~ 8-16 (HBD)
foreground: inclusive - remaining background (S/B~1/10-1/20)
physics signal is ?

Stefan Bathe Users Meeting 06/10/2010 17
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Q2: Initial temperature at 62.4 GeV?

® Hard to measure, quality of result hard to predict!
Extraction requires constraining hydro with data

® Simulation efforts were focused on Run-11 physics!

T I T I T I T I T

- PHENIX.

700 S 4 Ras.:m;n'
B DK Srivastava
L~ 600 - S. Tyl'bidc
> i f ,}(llal]]
é) 500+

it = 221 MeV

0 I 1 ] L |

L | L
0 0.1 02 03 04 05 06

Tau (fm/c)

T. . =300-600 MeV at 200 GeV

init

n =170-190 MeV at 17 GeV

Fact: recorded 700M
events at 62.4 GeV

Fact: Run-4 analysis
used 800M events

Fact: in Run-4 S/B is
~1:1p;>2 GeV/e
~0.05-0.2 1-2 GeV/c

What can I guess?
18




Both S and B differ from 200 GeV case!

® Signal scales as T4
T goes as dE;/dn and 1/x,
1,~0.5 fm/c at v s=200 GeV, 1 fm/c at 62, 2 at 17 GeV
E. ratio to 200 GeV ~ 0.4 at 17, 0.7 at 62.4 GeV
Expect T, . ~170 MeV  s=17 and ~230 MeV at V $=62
Steeper spectrum & fewer measurable points
® Combinatorial background reduced by factor ~6-16
based upon data sample size and HBD rejection
Being conservative: y statistical significance x2

® But, PHYSICS background: yg/ Ygecay ~ 0.1 for | p;
(according to hydro calculations at RHIC, SPS)
Virtual photon method yields y*../ Y.ocktait ~ 0-9
- SIB goes from 1/10 to 1/2

. should be able to measure slope to ~3 GeV/c

19
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Q3: What’s going on with the J/y?

F o <035 syt =:12% | Suppnression laroser
Al ° lyle[1.2,2.2] syst obal =ir7 % i pp g

% i | at forward rapidity!
! u :

J g — ) :

@ @t L ; 1 Doesn’t track maximum
l.2.0.0'.(.;.e.\/'.All.Jj|-él.J. T energy denSity!
| | ysltlbl—l+14°/I | |
g | |
v 5 B § | Finalstate ct coalescence

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, | (aka recombination)?

Stefan Bathe  Users Meeting 06/10/20180



J/@y in Muon Arms in Run-10 @ 200 GeV

| Dimuon Mass (GeV) | | North Dimuon Mass (GeV) | | South Dimuon Mass (GeV) |
© = © = © -
® #JIPsi 2772t62.2 > | #JIPsi 1129t44.3 > | #JIPsi 1661+46.3
%000 Centr 3.147£0.005 1400 Centr 3.05£0.00 > | Centr 3.16£0.00
Sig 0.18£0.00 Sig 0.18£0.00 800 sSig 0.18+0.00
expN 800Gt 556.1 1200 expN 4348t 385.1 expN 2234£260.7
expS  0.6789%0.0036 expS  0.7147+0.0188 600LEXPS __ 0.7513+0.0273
15001L 1000 1
I 800 400
10001 6001 Ll
- C 200[" 1N
| 400:_ - + | -
| - L - 0— -
5007 2001 + i
L+ - + + 0:_ - _200-_ “1;
o E + [
I + t -2001 -400
—III|IIlll|II]IIlllIIIlllIllIIIIIIlI[III -400-_III]IIIIIIIIIIIlllIIIlllIllIIIIIIlI[III :III|IIlll|II]IIlllIIIlllIllIIIIIIlI[III
1 15 2 25 3 35 4 45 5 1 15 2 25 3 35 4 45 5 1 15 2 25 3 35 4 45 5
M (GeVic) M (GeVic) M (GeVic)

J/yp yield as

Analyzed Luminosity (for mass plots): eXpeCted
147.7 ub-' gives 18.8 +- 0.4 (stat) J/WY per uyb-'
Compared to Run7 Au+Au which had about 18.2 J/W per ub-’

Stefan Bathe Users Meeting 06/10/2010 21
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J/@: analyzed 25% of 62 GeV statistics

® Recombination
Bt (e.g. Rapp et al.)
JIy yield at 200 GeV
is dominantly from
| h| recombination
0 °1||+|Jr em,!h 10:;

.......... _— s @ Predict suppression
2| i sl 2 e greater at 62 GeV

: JIy yield down by 1/3
o Recombination down

o
T

1/10

-
=3
T

10 F
20F
-30F
20 E
-0f-
I YL TN YT PUUTY YREY PUUT P T N T R BT SPOIT PPN O P T TR FYRTY PRTT1 FETTA CTTRA PITRAITRT] IRET
1 15 2 25 3 35 4 45 5 1 15 2 25 3 35 4 45 5 1 15 2 25 3 35 4 45 5

Mass (GeVIcz) Mass (GeVIcZ) Mass (GeVic?)

e gt v v v ———

600 M min. bias events — 500 J/y ... measure J/@ suppression

Key test of recombination!

Stefan Bathe Users Meeting 06/10/2010 22
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Success at 7.7 GeV Au+Au!

The trick?
Tight timing cut on BBC N vs. S!

URQMD AuAu @ 7.7 GeV URQMD normalized to match real
through PHENIX full simulation data integral for PC1 hits > 40.

PHENIX AuAu @ 7.7 GeV Data

w/ BBCLL1(>0 tubes) |z| < 30 cm| URQMD not matched to
distribution in real data. However,

PHENIX AuAu @ 7.7 GeV Data | note that there is no rescaling of
) w{ BBCLL1(>1 tubes) |z| <30 cm| the x-axis.

L[DHFW Then comparing the integrals implies
Py ww% (as a first look) that the BBCLL1(>0

tubes) fires on 77% of the cross

102 i T : section and the BBCLL1(> 1 tubes)

- m N Hy fires on 70% of the cross section.

: 1_ No indication of deviation at low PC1
10 1 hits from background (at least by this

0 20 40 60 80 100 120 140 < particular check).

PC1 Hits



Looking ahead to Runs 11 and 12

How’s the detector doing?



PHENIX Detector

PHENIX Detector

PC3
TEC

Central Arm Tracking 2011
Drift Chamber
Pad Chambers
Time Expansion Ch:
Muon Arm Tracking
Muon Tracker
Calorimetry
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PbSc
MPC
Particle Id
Muon ldentifier
RICH, HBD
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Magnet
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Side View
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Muon Trigger Upgrade

O
OO
O

Trigger idea:

Reject low momen-

tum muons R - L
mulD mulD

Cut out-of-time south [

beam background

Upgrade:

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

o RPC stations: RPC 1+3 =» tracking + timing info to level-1 trigger

note: RPC1 has larger acceptance than RPC3 at large radii,
RPC1+ RPC3 give best coverage for timing needed for background rejection.



RPCs: trigger level timing

* Timing used in Run-9 to £ e
characterize background
®* RPC3-N installed for e / ~
Run-10
From-collision or
° el : From beam
Commissioned & ready out going bea mokarolnd

o-40 -30 -20 10 0 10 20 30 40
TDC value 106ns/44

T T WovE

! suppd strusture-at- UIUC
; el e -

b




MUTRIG ready for physics in Run-11

sagitta

absorber

ficecone oot i hit ...
s T e
-------- U

Stati 1 n‘e - I Vertex
ation i 2 T ndf 197.21195
04[T4 Prob 0.4431
i Plateau  0.956 + 0.003448
02 Mean 18.19+ 1.895 MuTr
1 = Slgm; 3m:tus + 3.256 Station1 -
MuTr
Station2 MuTr

Station3

S i ZTndf 47677194
tation 2 Z7n :
Plateau 1+ 8.796e-17

Mean  28.33+0.0003347
i 20.53 + 0.00867
300

® Good efficiency for MIPs

®* MUTR.N installed for Run-9

® MUTR.s installed for Run-10
® ready to go

Station 3

Sigma 22.97+1.071

Minimum lonizing Particle

PHKENIX



Muon arm background reduction

Stainless steel SS-130 absorber
2 interaction lengths, based upon simulations

(T v — e N

Install on muon arms during shutdown

Parts are ordered.

29
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Silicon Vertex (VTX & FVTX)

VTXbarrel n|<1.2  yTX: silicon Vertex barrel tracker
Fine granularity, low occupancy
50umx425um pixels for L1 and L2
R1=2.5cm and R2=5cm
Stripixel detector for L3 and L4
80umx1000um pixel pitch
R3=10cm and R4=14cm
Large acceptance
In|<1.2, almost 2x in ¢ plane
Standalone tracking
Install for Run-11

FVTX: Forward silicon VerTeX

tracker
FVTX endcaps 2 endcaps with 4 disks each
1.2<n|<2.7 pixel pad structure (75um x 2.8 to
mini strips 11.2 mm)
Install for Run-12 30
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VTX : Strips on track to complete by RUN11

Allgn the modules

Place modules
on a stave




VTX Pixels: Preparing for barrel assembly

16 ladders out of 30 assembled at RIKEN. They will start
arriving at BNL soon \ ,

Test fit a ladder on the mounts

S LW |

B== A |adder on the mounts ;\ 32
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What do we want?

Physics goals:
W asymmetry — ¢, g spin contributions
Heavy flavor suppression
Excitation function for
constituent quark flow
jet suppression
First look at U+U
how to select the geometry?

33
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PHENIX beam use proposal

RUN SPECIES /syy PHYSICS [Ldt p+p
(GeV) WEEKS (recorded) Equivalent Polarization
11 p+p 500 10 5 pb™T 50 pb! 50%
Aut+Au 200 8 0.7 nb™' 28 pb”
Au+Au 27 1 35M events
Au+An 18 L5 37M events
U+U 102.8 15 150-200M events
12 p+p 500 8 100 pb=* 100 pb~! 50%
Au+Au 200 7 0.7-0.0 nb~! 2836 ph!
p+p  62.4,22.4 2.5 1.0,0.01 pb! 0%

If less than 30 cryo weeks:
e Shorten U+U from 1.5 weeks to (0.5 weeks

e Shorten 500 GeV p+p from 10 weeks to 8.5 weeks
e Remove Au+Au at 18 GeV,

) _ 34
ANV ¢ Shorten 200 GeV Au+4Au from 8 weeks to 7 weeks,



So, what are we going to measure?
And how well are we going to do it?



Q.4: W cross section & asymmetry?

Run-9 preliminary

*21.;.4 — + Raw counts (Charge combined)
§ = (EMCal cluster associated with track)
B — Data driven BG estimation
10° (10-20GeV assumed to be all BG)
= — BG+PYTHIA (normalized)
10 PHENIX
- Preliminary
10 =
1 -I-I-
B IRTTNN | IV 1N S A,_W"—>e*(|ye|<0.35)
v B R e ® = g === . Preliminary
o- — DNS min
-0V
| = GRSV val
-0.21
-0.4
E f 30-50GeV/c range
-0.6— . <P>=0.39+0.04
3 ¥ dilution 1.11-0.04
0.8 .
_llllllllllllllll Illlllllllllllllllllll
'10\3§__ 30 35 40 45 50 55 60
PHKENIX PH ENIX

P_ [GeV/c]




150 pb-"* 500 GeV p+p. 50% polarization

* gt I w o) IJ" I
HIEELON S0 0.0 §
|‘::: P'U.'Es'ﬂ_f'b 50 Polarizaslon S/BG 0.30 —== . Iﬁli 50 Pglarization, S'BG 100 —
| S/B=0.3 —— Demm 0.4F S/B=3.0 |—mm=
0.2E- - T — 0.2E L
- ] [ -
Wk =a I SET
0.2 L el u 0.2 | |
(== - =
04F R 04F ¢
= : : 06F
B Sl P TP T U ST SOV T S S N T T T T TP PO T
2 <15 4 05 0 05 1 15 2 =2 =15 < 05 0 05 1 1.5 2
i .
[ Wy, 50pt', 50 Polarization, SBG 0.30 | [ Wy, 50pb, 50 Polarzaton S/BG .00 |
¢ 0.6 E_ q:_l EIE E_
04F 1" 04F
W- 0.2 0.2
al= i _ -0
-l].E::,_LI\_l_I_I_rr'_‘ 0.2 :_x'kl_l_l‘l—rr‘
D4E -0.4F
D6 06
i n,

Ap(forward W~ — p~) = Ad/d. Ar(backward W~ — pu7) ~ Au/u.
* (PHENIXlive = 0.97) x (PHENIXup = 0.65) x (vertex = 0.55) = 0.35%

PHKENIX



Run-11 + Run-12: 150 pb-' sampled

[ W* 5 4=, 150 pb*, 50 Polarization, S/BG 2.00 |

-

W+

0.4
0.2
-0
0.2
04
08
0.8

Ad/d

F
|

[ W =, t|11 50 pb', 50 Polarization, S/BG 3.00 |

|

=

W-

Significant improvement on sea quark polarizations!
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Q5: what's AG? (n° A, at 500 GeV)

=0.05——
ol \'s = 200 GeV A (a) o o
Booa- 7 Run-9 preliminary
005G SRYs < 10
5003 2-2.3 % > 1 1" at mid-rapidity\s=500 GeV
0.02— % 10" CTEQBMS, DSS: u=p_/2,p_, 2p_
0.01— = (calc. by W.Vogelsang)
. E 4o
i ™
®0.05- —_ a 10° ~—
\s = 500 GeV
Baad. Vo 81 PH ENIX
E | ' a ™ . "
20,03 E 10° Preliminary
0.02— - .
N 1
0.01— 0
01 : , 107
107 1072 10! 10
- 40'02: GRSV std (AG=0.24) 1049
'ira 015 - cwssenes GRSV AG=0 10% secale uncertainty
TUE 10" - is nor included
r ﬂ : i i ' W J i § [ i | [ [ i i
. o -
u g 0.5 [
- Q 3
. 0 E
; ] P
—0.005 E: 0.5 £
—o.o1§ r
p, (GeV/c) 39



Q6: heavy quark sugpressmn & flow?

> Rl A R A LA AR AR E PRL.98: 172301,2007
1 4 1.6 0-10% central -
E arXiV: 1005.1627
1.25 _E
iE : Collisional energy loss?
U.Ef
ol v, decrease with p,?
04
% puyhu 0\ 20001 ;‘_ role of b quarks?
p_l_ [GE‘JJ"B] = B _ Grec:etal. < flow I:Ivln Hees ot al.
D.2_— ---- Grecoetal. nocflow van Hees et al. no reso.
-~ Zhangetal. 10mb - van Hees et al. ¢ only
- === Zhang et al. 3 mb
0.15[
0.1
0.05-
s T T .
P, [C u:
0.05- | | | : |

N2 U III1IIII2IIII3IIII4'IIII5I|
. i p; [GeVic]



VTX to tag displaced vertex

® Commission and take first data in Run-11!

® Commissioning plan
Run p+p first, commission with low multiplicity
Longest running period — max time to study VTX
Then switch to full energy Au+Au
Respect CA-D guidance of max energy first
Commission at high multiplicity & data rate
Collect data at 200 GeV Au+Au
serves both commissioning & physics

® Physics goals

Demonstrate the electrons are from heavy flavor
First direct look at separated b and ¢ in Au+Au

41
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With 8 weeks Au+Au at \ s = 200 GeV

10
107 \

= e electrons from charm

> 10° %

© "u.'-.

104
10° ..'.‘...‘I.
8

10%
electrons from bottom &
10 .
"
]
Albvv s brrvs bvvvr bvvrr brv v bvvrr bvrrr b brrr s by ra
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L i‘ —
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Assumption here:

Full 8 weeks used
for data taking

transverse momentum, GeV/c




Heavy quark flow in Run-11

LI » biene | Assumption:
. | Full 8 weeks
ol : l | data taking
- L
{]{15:— - # i é t { } .
BT g e | NB: simulated
T | ] [ _ limited p;
- range.
_ﬂ.{]E_....Il'.-...l....Il....|....|....|....I|....|....|....

=
[
o
—
—
n
X
a
n
X
L
o
£
£
o
o

Good sensitivity for v, decrease at high p
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Q7: Quark number scaling of v,

® v,/n, vs. p;/n, or KE;/n, follows a universal curve
Reproduced by hydrodynamics
Evidence for collective flow developed in QGP phase

vzlnq

0.15

0.05

0.1L

I T T T T I
| 4 x*+x (PHENIX) O p +p (PHENIX)

__ » = (PHENIX) A+ 7 (STAR)
- 0 K*+K (PHENIX) ~ = +X (STAR)
K? (STAR) d (PHENIX)
- 3¢ ¢(STAR)
b :’|‘= l
&0 "f & ﬁ ‘# ¢

PHENIX Preliminary
1 1 l 1 1 1

2
KE,/n q (GeV)

PHKENIX

w | I |

Does scaling break at
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A Esos
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Error bars in Run-11

B Ay Colissony5=27GaV

w5\ 5=27 GeV
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Q8: Jet suppression Vs dependence?

® Where between 22.4 and 62.4 GeV does R,,
become less than 1?

NB: firm conclusion on jet quenching will also
require control of Cronin effect

T I T
w5 =234 GeV ]
- k's:: = 62.4 GeV Cu +Cu 1
® 45, = 200 GeV N
I vitev, 22.4 GeV, 130 = dN*dy < 185
[ vitew, 62.4 GeV, 175 < di /dy = 255
[ Witew, 200 GeV, 255 « dMdy < 370 |
Cu+Cu, 0-10% most central

<
<<
(0

PHENIX, arXiv:0801.4555 [nucl-ex]

PHKENIX
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Jet suppression in Run-10

AuAu,\'s = 62 GeV,PbGI

A
A
A
A
4

n%: MBias, scaled
n%: 0-10%, scaled
n%: 10-20%, scaled
n°: 20-40%, scaled
n°: 40-60%, scaled
n%: 60-90%

Run-10

Raw nt!
yields

62 GeV

P [GeVic]

1 2 3 45 6 7 8 910
pT[GeVIc]

AuAu,\'s = 62 GeV,PbGlI

A 1°: MBias, scaled
A 7% 0-10%, scaled
n®: 10-20%, scaled
A 7 20-40%, scaled
n%: 40-60%, scaled
A 1° 60-90%

A
A
A
A
A
A
A
4

\l\HJI\H‘HI[\HH|IH\‘J]Il‘\\lllll\\JJlll

39 GeV
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Projection for Run-11

| Events nesded for given stat. precision light guark R

= 06 ® 35 Gowe, 17 GaW
- — & 25 GeWe 22 GaV
&t - & 25 GeWo, 27 GeV
8 0.5 @ 25 GeWio, 33 GaW
E ~ i BEGeVWa 17 GV
et _ E GeWa 22 GeV
= - E GeWa 27 GeV
w 04— A 5 Ge'Wa 28 GV
03— * * e e o
ﬂ"E:_ ™ s | » .
[ [ ] ] B L ]
0.1 = — Sat =
[ I Ll IIII IIII
0
1 10 [ig

uncertainty at pr = 3.5 GeV:
~14% at 27 GeV

~ 30% at 18 GeV
PHKENIX

Million eveants

Vertex cut
+ 10 cm
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Basis for time estimates

Vény  avelumi. 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 E4+29 0.03 68.6 M 229 M
27 6.00 E4+29 0.032 176 M 8.5 M
39 2.40 E4+30 0.033 724 M 241 M
G2 4.80 E430  0.0356 1.56 B 521 M

® Projections from W. Fischer
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U+U “engineering” run simulations
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Run-12 Physics goals

® Reach 150 pb-1 sampled for W in 500 GeV p+p

® Full energy Au+Au
Extend open heavy flavor study to forward angle

® Low energy p+p comparison running

51
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Run-12 FVTX physics

c+b__-
RS ® with FVTX
g.E
£ | Charm+beauty with FVTX
| pp: Ephr“{pTc 3 GeV) 24pb (p,>=3 GeV); AuAu: 1.25nb!
1 DGLY c+b dN/dy =1000
B Collisional Dissociation
o8- | j
0.6
04+L
i [} ;
0.2
_|||||||||||||||||||||||||||
o 2 3 3 5 6

P, (GeV)

Run-12 Goals:
Commission

Take first part
of this data
set
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Low energy p+p comparison running

L4

.q: T 11
-,
“ 12

1

PH E‘*-.Di pr-ell Minary

vertical nomalization error on p+p ef. not shown:
25% (fit world data), 19% (PHENIX data)

0.8
0.6
0.4
0.2

[

LN

& 624 GeV (word p+p fit ref.)

® 624 GeV {p+p data ef)

* e

=7 Preliminary, O-10 % central

'ii{.{,

4]

® Key: ptpdataat Vs

22.4 GeV

® For Cu+Cu statistics,
require 0.01 pb-
l.e.

6 days +

changeover

PHKENIX

Measurement way
better than fit!

But, p+p data run
out at 7 GeV/c py so
we request new run

Arleo & d’Enterria,
Phys.Rev.D78:094004,2008

ratio data/fit
N
[4,]

o H
HII‘\II ,_.ul‘ll\l'll\l|ll\l

!ll'l {
A F g *J 19 mlw
i,“" q[|||!" p

i

f”

10
P, (GeV/c)

pp — T X (rescaled to\[s =
® w,\[s =21.7 GeV - EHS-NA22 [adamus88]
% \s =
%, \s =

® nt\s =
® nt\s=
® '\s=
e n\s=
% \s =
o, \s =

® 1°\s=
® n°\s=
® % \s=
® %\s=

22.4 GeV)

21.7 GeV - FNAL E-063 [carey76]
22.8 GeV - FNAL E-063 [carey76]
23 GeV - Brit.-Scand.[alper75]

23 GeV - Brit.-Scand.[alper75]

23 GeV - CERN-WAT70 [bonesi89]
23 GeV - FNAL E-063 [carey76]
23.3 GeV - R-107 [lloydowen80]
23.5 GeV - CCRS [busser76]

23.6 GeV - ACHM [eggert75]

23.8 GeV - FNAL E-063 [carey76]
23.8 GeV - CERN-NA24 [demarz87]
23.8 GeV - FNAL-E-268 [donalds78]



PHENIX beam use proposal

RUN SPECIES /syy PHYSICS [Ldt p+p
(GeV) WEEKS (recorded) Equivalent Polarization
11 p+p 500 10 5 pb™T 50 pb! 50%
Aut+Au 200 8 0.7 nb™' 28 pb”
Au+Au 27 1 35M events
Au+An 18 L5 37M events
U+U 102.8 15 150-200M events
12 p+p 500 8 100 pb=* 100 pb~! 50%
Au+Au 200 7 0.7-0.0 nb~! 2836 ph!
p+p  62.4,22.4 2.5 1.0,0.01 pb! 0%

If less than 30 cryo weeks:

e Shorten U+U from 1.5 weeks to 0.5 weeks
e Shorten 500 GeV p+p from 10 weeks to 8.5 weeks

e Remove Au+Au at 18 GeV.
54
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® backup slides
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Beauty & charm separation at different

Extracted fraction u from D / B / Bkgnd

muon p-

g 17| [ LI ‘ T 1T | T 1T | T 1T ‘ T 1T | T 1T [ T 17T ‘ LI | T ]
E« ~ " NB/ Ntotal -
= 0.8 ¢ ND/ Ntotal —

- 4 No/N i
0.6— —
04— —
0.2[— ]

OT\ | ‘ I | ‘ L1 11 | L1 11 I L1 11 ‘ | | L1 1| ‘ L1 11 ‘ I | | | \\7

PHKENIX

4.5 5
Hp, (GeVic)
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h_bratio
L e e L L L L L T
09) =
08— Extracted b/(c+b) E
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06 =
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_with 1 pb! stat »Lm pb'LL 100 pb" |
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Backgrounds at 500 GeV

® Data analysis underway...

® First taste of >1 MHz interaction rates
® Demonstrated operability of detectors

® Multiple collisions per crossing and in adjacent
crossings
Learned how to deal with it
Revised drift chamber calibration approach
® Scaling the backgrounds to the collision rate
worked OK as a rule of thumb
® RPCs provided key monitoring instrumentation
Probably would like to install additional monitors
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F utu re H I Yean| # ||Milestone
2009 DM4 | | Perform realistic three-dimensional numerical simulations to describe the
M - I - medium and the conditions required by the collective flow measured at
lHestones RHIC.
. 2010 DMS | | Measure the energy and system size dependence of J/Mproduction over
PH ENIX the range of ions and energies available at RHIC.
> 2010 DMG6 | | Measure e e production in the mass range 500 < me+..< 1000 MeV/c2 in
PH ENIX Vsnn = 200 GeV collisions.
. 2010 DM7 | | Complete realistic calculations of jet production in a high density medium
Requn‘es up grade\ for comparison with experiment.
T ‘,2‘61”2— DMS8 | | Determine gluon densities at low x in cold nuclei viap + Auor d + Au
PH EN'X S~ collisions. -
2015 DMO | | Measure bulk properties, particle spectra, correlations and fluctuations in
— (new) | | Au + Au collisions at Vsny 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 )D—l—ét’"DMl 1| | Measure jet and photon production and their correlations in A=200
‘ . . . . . _
PH ENIX ~— (new) | | ion+ion collisions at energies from Vsyn = 30 GeV up to 5.5 TeV./
2016_LLPBNTZ[ | Measure production rates, high pT spectra, and correlations Tt t =ion
T ‘/ (new) | | collisions at Vsxny = 200 GeV for identified hadrons with heavy[fcl-:?:r]\
PH EN Ix \ valence quarks to constrain the mechanism for parton energy loss in the
| | quark-gluon plasma. /
N | 2618 | DM 13| | Measure real and virtual thermal photon production in p +p, d + Au amd—
PH EN'X ‘\ (new) | | Au + Au collisions at energies up to \snn = 200 GeV. I




Spin Physics Milestones

Year # Milestone
M HPS Measure flavor-identified q andq contributions to the~
" ¢ spin of the proton via the longitudinal-spin
PH ENIX| —— asymmetry of W producio ———

2043 | HPI12 Determine if gluons have appreciable polarizati

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

—~— 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.
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Forward Silicon Vertex Detector (FVTX)

Single Muons:
 Precision heavy flavor and hadron measurements at forward rapidity
» Separation of charm and beauty
« Additional W background rejection
Dimuons:
* First direct bottom measurement via B—J/h)
« Separation of JAp from 1)’ with improved resolution and S:B
e First Drell-Yan measurements from RHIC




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

Probe Aq-Aq via W production

—
Ad+7 —W- P
Au+d —W-
Ad+u—W*
Au+d —-W*
p unpol.
Oy — O_
100% Parity-violating: —Ay, = —
O+ + O_

Start: 2009(tests)/2010(trigger) with S00 GeV p+p
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Charm & bottom cross section in p+p

Dilepton measurement in agreement
with single electron, single muon, and

Dilepton measurement in agreement
with measurement from e-h correlation

with FONLL (upper end) and with FONLL (upper end)
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Barrel VT X Detector

® Specifications:
Large acceptance (A¢p ~2x and |n| <1.2)
Displaced vertex measurement ¢ < 40 um
Charged particle tracking c,/p ~ 5% p at high pT
Detector must work for both Hl 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 pm x 425 um) at R~2.5 & 5 cm
~ Strip Detectors (80 um x 3 cm) at R~10 & 14 cm

strip layers | In|<1.2
_ _ ¢~ 2m
[ pixellayers I z~+10cm

beam pipe
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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

® 2x coverage in azimuth and
1.2<|n|<24

® Better than 100 um
displaced vertex resolution
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Forward Silicon Vertex Detector - FVTX

Enhanced x coverage

Physics Program of FVTX includes " _GS o—
® Resolving JAy and ¢’ in Muon arms o G "‘:I_E;z‘;"'
rio.. | ® Resolving Y at y=0 using Muon arms 9 compeax AL \i ]
If oo ® Direct measure of B meson through displaced Jhp ¢ \
[ ® Drell-Yan Measurements in dAu at both forward and___ ., _—
Brr J Ap —> midrapidities e v
Prpmpt g ® c, bID for both HI physics & AG spin measurements
' M . ® Nuclear modification factor (CGC effects) in dAu
YL }| using hadrons, c, b, and J/
o s s sson E Au+Au
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