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“UIt was the best of times, (t
was the worst of times...”

- Charles Dickens: A Tale Of Two Cities (1859)
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Run-15 BUP

it was the age of wisdom...

e p+p @ 200 GeV with transverse polarization for 9
weeks [Physics driven goal is 50 pb™ recorded
within [z] <40 cm and <P> = 60%]

e p+Au @ 200 GeV with transverse polarization of
the proton for 5 weeks [Physics driven goal is 190
nb~! sampled within [z] < 40 cm and <P> = 60%.]

e p+Al @ 200 GeV with transverse polarization of
the proton for 2 weeks [Physics driven goal is 450
nb~! sampled within [z] < 40 cm and <P> = 60%]
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Why p+p at 200 GeV?

p+p runs have, generally two physics purposes at PHENIX:
— A baseline for the understanding of heavy-ion physics.

— Since they can be polarized, one can investigate spin physics
phenomena at the same time.

But, have already run 200 GeV p+p in:

— Run 5 (long. and trans. 29.5 pb),

— Run 6 (long. and trans. 88.6 pb),

— Run 8 (trans. 38.4 pb1),

— Run 9 (long. 114 pb), and

— Run 12 (trans. 74 pb1)!

Have > 100 pb™ of transversely polarized p+p data.

Why do we need more?
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We have new instrumentation

e New instrumentation provides access to
previously unmeasured kinematic regions and
physics processes.

— In Run-15, PHENIX had the MPC-EX for the first time,
giving access to direct photons at forward rapidities.

— We had a fully working FVTX, and VTX for the first
time during 200 GeV p+p and p+A running, enhancing
our heavy flavor program at forward and central
rapidities.
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The MPC-EX Detector

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

e 70 rejection (direct photons)
e 1Y reconstruction out to
>80GeV
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3.1<T]<3.8 RPC3

Central Magnet

4,
!%)

: BB | i ,
;\‘.F//ﬁﬁ:ﬂ\j ZDC Nort
I = e | e _ &

7DC Sou——

]

MulD) o F)VTX Mulld
=y
- “ :'\-'1u'|'r|r
i South Side View North _ |
_\\w/_
g DL
The University of New Mevico RH IC/AGS Use r,S Meetlng PH’/—;’\‘\EN Ix

' 6/11/2015 Douglas Fields




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).

Simulated n® mesons reconstructed
in p+p jet events (E>20GeV) using
energy splitting.
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MPC-EX in Run 15

.it was the age of foolishness,
it was the epoch of "oe[iqf...

e Both North and South MPC-EX detectors
were installed a few weeks before the
run began.

e Work on the readout continued into the
second half of the p+p run.

e Successfully began collecting data on
March 17.

e Offline analysis is on-going.
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MPC-EX Physics

e Utilize unique »
capabilities of MPC- = o —

| Expected Asymmetries of Prompt Photons |

EX upgrade. "% arXiv. 1208.1962
. - o E'F ETDT; new
* Direct photon with ooaf- T, SIDIS old
no final state "eF + '
) U e e e SR
Interactions. P
e Uncertainties clearly  **F
. 006  5=200GeV, P=60%, Ldt=50 pb", [z]<40cm
rESOIVe Slgn 0.08" Dl_d ' ID!S ' D!E ' ﬂ!? ' D!B
disagreement for T .. *
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p+p Luminosity and FoM Goals
it was the epoch of incredu[i’cy...

PHENIX Integr. Sampled Lumi vs Day Mon Apr 27 09:00:31 2015 MPC-EX Integr. Sampled Lumi vs Day Mon Apr 27 09:00:31 2015
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Why p+A at 200 GeV?

e |n the past, we have had several d+A runs.
— A baseline for the understanding of heavy-ion runs.

— The deuteron beam was not polarized.

e But even if with a polarized proton beam, what
would we look for?
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Protons are smaller

e d+Au collisions may have a remaining flow effect from
multi-parton collisions, that may be smaller in p+Au.

 And, that flow might explain larger than expected
charm enhancement in d+Au.

Gold-going direction Deuteron-going direction
_ arXiv:1310.1005, Phys.Rev.Lett. 109 (2012) 24, 242301, Phys.Rev. C87 (2013) 3, 034904
é 0-20% centralit : 0-20% centrality
25 [o]HFw, 20cy<-l4 | ®HF ¢’, lyl<0.35 |- (W] HEw, Lé<y <2l
= My, p2<y<2| | 1 JAy, lyl<0.35 I iy, 42 <y 2.2
10, Temperature 2 H H{ . -
Eai_:::::::::::::::::;mﬂg m ﬂ% % @%@iﬁjﬁ] - l
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b e b .01234s(GGW'«‘—i'izaqss?P,l%ewgc])123‘597(:58%}?
IS o BEERN . - Higher final particle density
o S Probing lower-x gluons in Au >
] 18
eb il e * Open charm enhancement at mid and backward rapidity
aghbrn bbb b oo L B * Open charm and J/{ suppression at forward rapidity
x coordinate [fm] * Enhancement much larger than anti-shadowing expectations

* Radial push of charm quarks even in d+Au?
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Refurbished F/VTX

e VTX pixels and Strip-
pixels were
refurbished for Run
14.

e |mproved cooling,
environment
containment, etc.

e FVTX ran well for Run
15.

e Together, provides
heavy flavor program
in PHENIX (DCA).

e And...
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FVTX Multiplicity Trigger

Game Change: the “ridge” in pp collisions

Opportunity of studying novel QCD _ _
phenomena opened up by the LHC Two-particle An-A¢ correlation

September, 2010
%%%% PuBLISHED For SISSA By €) SPRINGER pp N>1 1 0’ 1 <pT<3 GEV/C

Rec

September 22, 2010
Acc September 23, 2010
PUBLISHED: September 27, 2010

Observation of long-range, near-side angular
correlations in proton-proton collisions at the LHC

R(An,A9)

The CMS collaboration

ABSTRACT: Results on two-particle angular correlations for charged particles emitted in
proton-proton collisions at center-of-mass energies of 0.9, 2.36, and 7TeV are presented,
using data collected with the CMS detector over a broad range of psendorapidity () and
azimuthal angle (¢). Short-range correlations in Az, which are studied in minimum bias

Unexpected ridge-like correlations in high multiplicity pp!

Slide from Wei Lei, Rice University 3
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Trigger : #track > Threshold
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FVTX Multiplicity

| Number of Tracks per Event (South) |

Tr i g ge r 0P s Entries 9396

Au-going direction

 Has the ability to tune
for rejection and purity.

e Collected sufficient
triggers in both p+p and
p+Au.

0O 5 10 15 20 25 30 35 40 45 50
Number of Tracks

| FVTX High Multiplicity Integrated Trigger | [ FVTX High Multiplicity Integrated Trigger |

- (N||S)&BBCharrow

. (N&S)&BBCnarrow

.
— Total

(4]

o

o
o
o
=l

- FVTX_S&BBCnarrow Run 15 p+AU

Run 15 p+p =
.
- Of

-
o
o

&
o
o

Total

W
=3
o

w
o
o

/4
7

Integrated Trigger (MEvents)
Integrated Trigger (MEvents)

[
o
o

\\

100
1582110 15/03/07 15/04/01 1504/27 1585008 ' '15!03-'15 - '15!0$.'27 ‘ 15/06/08
Date Date
: N
1L 2
. Al
- RHIC/AGS User’s Meeting PH ENIX

6/11/2015 Douglas Fields



EPSO9 Limits from Prompt Photons

e Quter hatched lines are
the 90% confidence level
envelope of all the
EPSO9 curves.

* Assume the R, value
we measure
corresponds to the
EPSO9 central value.

e Light blue corresponds
to 90% C.L. of simulated
measurements.

e Dark blue represent the

Measurement region
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Transverse Single-Spin Asymmetries in
polarized p+A Collisions

iﬁz : - _p+Au * Transverse polarization A in p+A
oo 7 —p+Cu scales with the saturation scale for p;
< :_*‘ % —p+Si < Q, . Completely unique RHIC access
]f f”’f to saturation physics.
: t::::": ﬂﬂiﬂﬂﬂﬁﬁ e p+Au m?a§ur§ment with projected
CES uncertainties in 190 nb! |z|<40cm
T L ] e Testing geometric scaling with Si
T target nuclei, comparable

1
1 1.5 2 2.5 3 3.5 4 4.3

uncertainties with 2 week runs.
P, (GeVic)
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pABEFDUMP ARMO_LYRO

pABEFDUMP ARMO_LYR4

pABEFDUMP ARM1_LYRO

pABEFDUMP ARM1_LYR4
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MPC Dama ge ..it was the season of Darkness...

Store 19050 19116/18 19134
May 11 May 28 June 1

Damaged South We got lucky The end of the

Impacted North No addt’l damage MPC in Run 15
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it was the spring of hope, it

Silicon

was the winter of despair...

Energy Per Crystal, NMPC Trigger 0
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p+Au Luminosity and FoM Goals

PHENIX Integr. Sampled Lumi vs Day Mon Jun 8 11:43:42 2015 MPC-EX Integr. Sampled Lumi vs Day Mon Jun 8 11:43:42 2015
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Local Polarimeter

Beam Trajectory through Crossing Dipoles for IP8
Species: blue = Polarized Proton yellow = Gold

0.3

blue
yellow
DXM[1]
MMX[1]
MMXY[1]

- Analysis by Minjung Kim (SNU/RIKEN)
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Nicely centered!
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Dedicated runs

Neutrons from collision

15t Attempt (May 21%)
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.. we had everything Ioefove us,

p+Al

we had nothing Ioefove us...

No MPCEX physics.

Will get limited flow observables (the loss of
the MPC and the FVTX will leave us only the
BBC to determine the reaction plane).

Will not get heavy flavor (the loss of the F/VTX
means no DCA analysis).

Will look at the forward neutron asymmetry in
p+Al, to look for systematic changes in
asymmetry from p+p to p+Au to p+Al.

-y
RHIC/AGS User’s Meeting PH ENIX



Summary

e Run 15 p+p was very successful, despite a delayed start
with our new detector MPC-EX.

e Run 15 p+Au was also successful, despite the loss of the
MPC South early in the run and both MPCs later.

e We will take whatever we can get from Run 15 p+Al, but
have lost most of our more unique physics opportunities.

-y
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e Many thanks to Itaru Nakagawa (Spm Coordinator),
our period coordinators, and the entire BNL/PHENIX

tech crew!
e The most sincere thanks to the CAD crew for their
hard work and dedication.

wewereall ‘going direct to Heaven, we were all gomg &/tmcf the
other way - in short, the period was so far like the present period,
that some 0/"#3 noisiest authorities insisted on its éemg received, ﬁr

good or for evil, in the superlative degree of comparison only.

DG e RHIC/AGS User’s Meeting PH ENIX
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Backup
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Tracking through the layers
150 PF QH

charge split

* Need to be: Q
— Sensitive to MIPs in first layer
— Not saturated at last layer

SV chan

v chan

Charge w
| MPC-EX MPC

PH#ENIX

128 minipads become 256 channels L/
RHIC/AGS User’s Meeting PH“}\{%ENIX
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Thel

Protons are smaller

e d+Au collisions may have a remaining flow effect
from multi-parton collisions, that may be smaller

y coordinate [fm]

in p+Au.

Viscous Hydrodynamics, time = 1.000

10

af d+Au Central Initial Condition
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x coordinate [fm]

Viscous Hydrodynamics, time = 1.000
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Why p+A instead of d+A?

p+p — n0n0+ X, s = 200 GeV

d+Au — 00+ X, Vs =200 GeV

d+Au — 7070+ X, Vs =200 GeV

e Liniversity of New Mexico

12/10/2014

Douglas Fields
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Phys. Rev. D 84 014008 (2011)
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= | « projectile nucleon (d or p). Nuclear corrections at
= I X 7 . o
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E m nuclear uncertainty E
| W FOF veerainyy. |\ | ...and you can’t polarize the deuteron at RHIC...
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Open Heavy Flavor Probes

of nPDFs and More

Another handle on gluon nPDF
and critical baseline for quarkonia

Measure open charm and beauty at
forward/backward rapidity with FVTX

< [ Charm with FVTX <
o1 -4__ pp: 21 pb™, pAu: 63 nb™ in [z] < 10 cm 1.4
C Prescale 1/3 for p, < 3 GeVin p+p

12— Trig. Eff. 0.7 forp >3 GeV 1.2
SILLLEELEELT |
0.8 EI H 0.8
0.6 El 0.6
0.4 0.4
0.2f C h 0.2

arm

11 | | 11 1 1 11 1 1 |

_I 1 | | I I | | I | | 1 | 11
_ 0 1 2 3 4 5 6
""" p. (GeVic)
- T

B‘ 2 [ J [d
3 e ANti-shadowing?
3 16— preliminary

:_r—14— E - E

;12— *

R

ﬂ:o-g_ E H H

06— Global sys. =+ 10.1%

oz W HFp, d+Au, 1.4 <n<2.0 (d-direc

0 | | | |

m  HF e, d+Au, In| < 0.35 (PRL 109, 242301)
0.4 ] HF p-, d+Au, -2.0 <1 < -1.4 {dn-direction)

Gluon

0 2 4 6 8 10 12

Beauty with FVTX
pp: 21 pb™, pAu: 63 nb™in [z] <10 cm
Prescale 1/3 for P, < 3 GeVin p+p

Trig. Eff. 0.7 for P> 3 GeV

HHHHHMH]MM

Beauty

O_IIIIII

2 3 4 5 6
P, (GeVic)
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"'Saturation?
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1
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Upper and Lower Limits from EPSO9
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Ultimate sensitivity depends on the measurement

and a full NLO fit.
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Geometry Test :
DIS measures give geometry 2 | prou 00 RS L 1omns
avera gEd NPDF D1u-1 p+C: <N_ >=1.7 RMS=1.00=0.3

Utilized d+Au centrality
measures to date... 10°

Excellent opportunity to
validate with direct photons Ll Ll b iy

Ll Ll |II
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N PDF Of diffe re nt N UC|ei Number of Binary Collisions

& L & [ &g
1.4 1.4 1.4
Qo L o L Q
I L e F 2
1.2 1.2 1.2
o r <A <)
IIQ 1 m&:‘ 1= IIQ 2
- R T kE T
[o] =] R [o]
=0.8¢ =0.8; =
- B . .
@ m o
4} Q feees o
©0.65 ©0.6F ©0.
- 3 E S
= i = r =
B304 Bo.aF 0.
w r w L w
o L : o L o
Woal- _ i Woor N w
"L s =200 GeV, LpAudl=15EI nb™, L, dt=50 pb, |zi<40cm Rz "L Vs =200 GeV, L rm|11=225 nb, L, dt=50 pb™, |z]<40cm ki
c_llllllllllllllllIII|IIII|III U_|||||||||||||||||||||||||||| GIIIIIIIIIIIIIIII|IIII|I|:II
-3 -2.5 -2 -1.5 L -0.5 0 -3 -2.5 -2 -1.8 -1 L -0.5 0 -3 -2.5 -2 -1.5 -1 L -0.5 0
0910[xgluon] oBIﬂ(xgluon} Og‘wtxgluon]

6/11/2015 Douglas Fields




uarkonia in Medium (Cold or Hot)

1.1

p+Au64nb'  p+Si193 nb?
p+Cu96 nb'  p+C 450 nb"

R,a

Jhy,z+ 10 cm

Longitudinal
thickness A(rr)
dictates the physics

50 100 150 200
Target mass

Instead of d+Au centrality selection, another method to change nuclear density is with

different targets
Also combined with improved S/B and for the first time ’ at forward and backward
rapidity (FVTX)
e b RHIC/AGS User’s Meeting PH ENIX

niversity of New Mexic
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Yellow Pre-fires, etc.

e Store 189697, April 30 - ???

— Tripped LV/HV in MPC-EX, 20% increase in bias current, MPC
was off.

e Store 19050, May 11 - Pre-fire 111x111
— MPC South mostly gone, MPC North damaged

e Store 19116, May 28 - Pre-fire 12x12 store
— No additional damage

e Store 19118, May 28 - Pre-fire 111x111
— No additional damage

e Store 19134, June 1l - Pre-fire 111x111
— Killed remaining MPC both sides

e Store 19139, June 2 - 9?77
— Tripped 3 out of 4 MPC-EX LV modules and all HV

-y
RHIC/AGS User’s Meeting PH ENIX
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