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RUN16 AuAu status
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 PHENIX luminosity goal will be achieved on 4/25
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The case for d+Au BES

2015 PAC recommended:

 Five to seven weeks of running to perform a small system BES

“What is the smallest possible droplet of QGP, and how does the answer to this
guestion depend on the collision energy and event multiplicity, which is to say on the
temperature of the QGP in question? Addressing this newly opened, and challenging,
guestion promises to deepen our understanding of, for example, which requirements
have to be fulfilled for hydrodynamics to be applicable.”

PHENIX executive summary:

 Four beam energies d+Au in 5 weeks would provide
— Robust measurement of v, energy dependence
— First measurement of v, in this system
— Disentangle the role of different stages in the system evolution

1 week of d+Au at 200 GeV included above would provide
— Robust measurement of direct photons at forward rapidity
- Strong constraints on gluon nPDF at small x (~103)
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Collectivity in small systems

 Ample experimental evidence for collective effects in
small systems at top RHIC energy and at the LHC
— Ridges in pp, pPb (LHC), dAu, *HeAu (RHIC)
— Multiparticle correlations (v, in pPb at LHC)
— Particle species dependence in v, and spectra (dAu, pPb)

— Geometry controlled experiments: pAu, dAu, *HeAu =>
exploring RHIC’s unlque capabllltles
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e Strong constraints on the initial state
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Collectivity iIn small systems:

challenges remain

e Challenge for our understanding of perfect fluid
hydrodynamics and the minimal conditions necessary for
guark-gluon plasma formation

— How is equilibration achieved ?

— Role of pre-equilibrium dynamics ?
— Is there a smallest QGP droplet ?
— Role of hadronic flow?

 BES with d+Au collisions (well controlled geometry) aims
to disentangle different stages of the system evolution

— as system spends less and less time in hydrodynamic
equilibrium, pre-equilibrium and hadronic contributions gain
Importance with decreasing beam energy
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Small system evolution: confront models with data

Pre-equillibrium flow ? Hadronization via coalescence?

fiahe .
i

i

Initial state Quark Gluon Plasma? Hadronic phase flow ?
thermally equilibrated?
Hydrodynamic collective flow ?
UrQMD: hadronic cascade

* The role of different stages of the system evolution
can be assessed in a BES through model comparisons
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Model predictions for v,

arXiv:1512.06949 J.D. Orjuela Koop, R. Belmont, P. Yin, J.L. Nagle

----------------------------
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o SuperSONIC vs SONIC: role of pre-equilibrium dynamics
— 10% effect at 200 GeV -> within experimental and theoretical uncertainties
— The difference increases at lower energy
« AMPT (o =1.5 mb or c =0 mb): role of the partonic stage
— hadronic only flow ruled out at 200 GeV, does QGP turn off at lower energy
o
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Model predictions for v,

arXiv:1512.06949 J.D. Orjuela Koop, R. Belmont, P. Yin, J.L. Nagle
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 triangular flow takes a longer time to develop => much more sensitive
to the shorter and shorter QGP lifetime at the lower energies

« Large difference between SuperSONIC, SONIC and AMPT

* Vv, collapses if the system is hadronic
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Projections (based on SONIC) for 5 weeks BES

0-5% central events within |z, |< 10 cm

robust baseline
Vv, and v,
measurements

Factor of ~20 stat
Increase from Run8
FVTX improved EP

same detector
conditions=>

systematics control

in the BES
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All 3 lower energies for robust v, measurements to establish
* role of pre-equilibrium stage

* role of hadronic stage

v, at lower energy: Does v; collapse at lower energy ?

more sensitive to time upper limits of v can be established
spent in QGP

Statistically significant Transition region Largest lever arm

measurements for for v, collapse for v,
both v, and vy measurements
April 12,2016 CAD meeting 9



MPC-EX: Timing problem was fixed

bbcS:nshwrS {mpcxeS<4.0}
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MPC-EX Improvements in Live Area

428601_428934 ARM1_LYRO

Run-15 (p+p):
Readout errors in SVX4

chips.

South arm layers 0,3 bad
About 75% live overall
Multi-buffered events noisy

chain caused loss of entire___

428601_428934 ARM1_LYR1

North Arm

428601_428934 ARM1_LYR2 428601_428934 ARM1_LYR3

North Arm

ARMI LYRD ARMY LYR1
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Run-16 (Au+Au):
New firmware,

All layers active,

97.4% live (high gain)
98.3% live (low gain)
No issues with multi-
event buffering
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Assumptions for Run-16 Projections

e 110 nb! d+Au (1 week) delivered by CAD
— 77nb? integrated by PHENIX (No vertex cut required!)

— This will yield >300k prompt photons for p>3GeV/c,
obtained from scaling Werner Vogelsang’s NLO calculation

 The systematic uncertainty on the isolation of
photons and =¥ is same as for Run-15 projections

e d+Au peripheral Is used In place of p+p, we call this
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EPS09 Limits from Ryg_po-s89%)/(60-88%)

e d+Au Minimum Bias

N
ENIX

data, where we have
replaced the p+p data
with peripheral d+Au
(60-88%)

An extra systematic
error from N, In
d+Au (6%) Is
Incorporated

April 12 , 2016
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Runl5 p+Au vs Runl6 d+Au

RUN15 BUP projection RUN16 projection
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e EXxpected results from 1 week of d+Au is similar to
p+Au projection in Runl5 BUP

e Bonus: centrality dependence in d+Au
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The case for 5 weeks d+Au energy scan

 Measuring v, In 4 energies
— provides a test of QGP vs hadronic system
— pre-equilibrium effects can be distinguished at lower energy

— well controlled systematics
« geometry in d+Au well understood; same detector, similar systematics

 Measuring v; at the top 2 energies
— First test of v, In this system
— Better sensitivity to QGP flow and pre-equilibrium effects
« Measuring direct photons at forward rapidity at 200 GeV
— Unique measurement with MPC-EX
— Strong Constraints on gluon nPDF, similar to Runl15 BUP
 Challenges
— need set-up time; runs can not be too short
— resolution for small signals at lower energy: statistics is critical
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BACKUP
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The MPC-EX Detector

A combined charged particle tracker
and EM preshower detector — dual
gain readout allows sensitivity to MIPs
and full energy EM showers.

« 10 rejection (direct photons)
« 10 reconstruction out to >80GeV
« Charged track identification

RPC3

L0 South

ZDC Nonl
EH =

MulD % MulD

ot =t 6701

North

N _ _
PH&\///ENIX April 12 , 2016 CAD meeting

70NN



MPC-EX Minipad Sensors

1.8mm x 15mm “minipad” sensor

Detector elements are Si
“minipad” detectors, one layer
per tungsten gap, oriented in X
and Y (alternating layers).

128 minipads per sensor \

24 sensors per layer Dual SVX-4 Readout Card
8 layers per detector

2 detectors (North and South)

Cross-Section View:

~50mm

\

49,152 channels in total, each
with high and low gain

2mm tungsten

Minipad micromodule
(XorY)
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Anticipated Statistics: 200GeV d+Au

Total Prompt Photons in 100nb™ (delivered), 77nb™ (integrated)

— >300k photons
- with pr > 3 GeV/c

-
o
tn

—
o
&

(%)

Prompt photons per
o

—
o
o

c_lllllfﬂ] IIIIIIﬂ] IIIIIII‘ IIIIIH]] IIIIIIﬂ] IIIIIII‘ IIIIIfﬂ] IIIIIIH] IIIIIIHI_

—
o

—

| | | 11 | | 1 1 1 | | | | | 1 | | 1 1 1 | | | | | | 1 11 1 | 1 | | |
1 2 3 4 5 7 8
p, (GeV/c)

Statistics obtained by scaling NLO calculation from W. Vogelsang for 200 GeV p+p
(pythia gives similar numbers).
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Timing Scan

L1 Delay -1

BBC charge vs MPC-EX North Minipads

L1 Delay Timed In

BBC charge vs MPC-EX North Minipads

L1 Delay +1

BBC charge vs MPC-EX North Minipads
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EPSO09 limits using Rqp

e Limits from a standard
cp Measurement.

o A centrality dependent
PS09 Is used (not
EPS09s)

— The suppression factor
IS proportional to T,g
where the total sums to
the correct value
(model from J. Nagle)

— Redoing this with
EPS09s will take some
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MPC-EX p+Au projection from Run-15 BUP
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We assumed only minimum

bias data for p+p and p+Au

This plot shows the EPS09
PDF sets that would be
consistent with the MPC-EX
direct photon R, result,
assuming the EPS09 baseline
and the MPC-EX statistical

and systematic errors
— Dark Blue: 60% CL

— Light Blue: 90% CL
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Triggering challenges at low energy

b < 2 fm

‘ i URQMD v3.4

—— d+Au |sy = 200
—— d+Au |5y, = 62
—— d+Au |5y, = 39
—— d+Au \sy, = 20

ch querar-

b = | 1 l I l

N
ENIX

-6 -4 -2 0 2 4 6 8
Pseudorapidity (m)

Issue: multiplicity on deuteron-going side drops dramatically with decreasing beam energy,
even in central events
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« BBC-BBC coincidence trigger
« Efficiency drops dramatically
 Even in central events

Trigger efficiency
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Example solution:

 FVTX coincidence trigger, or combination
of FVTX and BBC

« Efficiency excellent in central events
 Reasonable in peripheral events

» Possible solutions exist, but require some set-up time (for each energy)
* Unknown trigger rate until already running (depends on beam conditions)
» Potential problem if running time for each energy too short

April 12 , 2016
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* 62 GeV
* 39 GeV
* 20 GeV

Projected uncertainties based on SONIC
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V, and v; energy dependence

and role of pre-equilibrium

arXiv:1512.06949 J.D. Orjuela Koop, R. Belmont, P. Yin, J.L. Nagle

E - m—d+AU at 7.7 GeV (a) § -HE (b)
Lot N Lo
= - = 3
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V, remains sizable at all energies v, collapses at lower energy
Important to measure both v, and v,
% 1.6- e d+AU at 7.7 GeV (a)
QO O  smaller v, without pre-equilibrium flow
g V[ — amaamow * Pre-equilibrium flow plays a larger role at lower
E I e energy
‘Kﬁ = => Robust measurements of v, at several energies
N3 are needed to assess pre-equilibrium dynamics
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Projected EP resolution in BES

He3 +Au at 200 GeV: FVTX crucial for v, measurement

TABLE II. The resolution of nth-order event-plane angles
measured by the BBC-S and FVTX-S detectors.

Subsystem Res(¥5") Res(W$P*)
BBC-S (-3.9 < 5 < -3.0) 0.110 0.034
FVTX-S (-2.5 < n < -1.5) 0.232 0.052
FVTX-S (-3.0 < n < -1.0) 0.274 0.070
200 GeV 0.249 0.070

62 GeV 0.187 0.041

39 GeV 0.136 0.025

20 GeV 0.093 0.022

Both resolution and statistics improved at 200 GeV compared to Run 8 dAu:
BBC -> FVTX; 80 M evts -> 1.6 B events
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