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The MPC-EX Physics Program

» The Gluon Distribution in Cold Nuclear Matter
at Low-Xx:

0 A range for existing
n palrs measurements
- Prompt Photons (pr>1 GeV/c, E>20GeV)

- Single n°% production } Extended kinematic

» Source of Ay in pT+p Collisions:
> Prompt Photon A,

- 9 correlations with jet-like clusters
- “pioneering” measurement

o Jet Ay



G I u O n S I n N u C I e I Eskola , Paukkunen, Salgado, JHP04 (2009)065

shadowing/saturation in nuclei

L5 antishadowing Fermi-
-l motion
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» Lack of data means large uncertainties at low-x
» Additional complications
> Saturation, energy loss, shadowing, anti-shadowing




Structure deep inside nuclei?

» High gluon density, small coupling at low x (p,/py)
> More in nuclei than nucleons
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» Can describe saturated =

gluon distribution as a field

What effects of incoming parton dynamics?




First hints at RHIC for saturation of gluons
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Prompt Photons at Forward Rapidity

Direct Photons Fragmentation Photons QED Radiation (initial state)
Dominated by gluon Comparable between pythia Production over-estimated in
Compton at forward and NLO calculations Pythia (Included in direct in NLO )
rapidites
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diagrams) diagrams)
Same level of production in ol

pythia and NLO calculations rof- X5
(within ~2x) o 3.1<n<3.6
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low-x gluons




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.

« 79 rejection (direct photons)
« 70 reconstruction out to
>80GeV

Charged track identification
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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).

n® mesons reconstructed
in p+p jet events (E>20GeV)
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Tracking through the layers

150 PF QH
» Need to be: Q D> /54 chan
- Sensitive to MIPs in first layer I charge
SV¥4 chan
- Not saturated at last layer Q

Charge -
MPC-EX MPC

128 minipads become 256 channels




Prompt Photon Yields
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Photon sources
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» pT >3GeV

- 100% of direct photons from g+ g
> 93%(7%) of fragmentation photons from g+ g (¢ + 7)
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Calculating R,

R

Vsignal = Yincl * (1-

Vinci

)Meas
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d+Au as an example
p+A similiar

» Yinet = inNclusive photon yield

0‘ "

. after hadron subtraction
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EPS09 as a baseline
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EPSO9 Limits from Prompt Photons

Weight events in x,Q? Measurement region

according to EPS09 to
generate R, for each
curve

> Assume the R 5, value
we measure corresponds
to the EPS09 baseline

> Vary Rpp | RPAU yPAL
and yPP,_ within 3-sigma

systematic errors

[Q*=9GeV]
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EPSO;) Nuclear Mod. R

- Evaluate EPSO9 curves to
see which are consistent | | | A
within 90% C.L. 3 25 -2 415 -1 05 0

Log (x )

10" gluon

Prompt photons in MPC-EX -> Precise Measurement of Gluons at Low-x




Upper and Lower Limits from EPS0O9
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Ultimate sensitivity depends on the
measurement and a full NLO fit.
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Why worry about “parton dynamics”?

» Nuclear parton distribution functions (e.q.
EPS09) aren’t the whole story!

» In p/d+A you probe cold nuclear matter with a
parton, not a photon.
> It can lose energy before the hard scattering
> It can lose energy after the hard scattering
> It can experience multiple scattering

» Tool in the short run: y-h correlations

- v will reflect only initial state effects

- h will have both initial and final state scattering and
energy loss

- Measure the difference via p+A vs. p+p

15



To sort out parton dynamics

Ydir

away-side
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» Direct y — Structure + initial state energy loss

» Correlations: y vs. h - Final state parton dynamics
- Probe as a function of y

AARRRRRRR R R0
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Polarized p+A Collisions

Kang, Yuan: PRD 84, 034019 (2011)
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a probe of the saturation scale.

« Dependence of Q,,0n A
« Combined with other
measurements this can estimate Q,,

A unique capability of RHIC!

e
. Systematicstudy of SSA’sin pT+A collisions will allow us to study Qg_,
BRI o~ g
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Actual Detector Performance

» Production testing on-going at SB

» All micromodules will undergo cosmic ray
testing before installation

Scintillators about same

Measured Rate: 300/minipad/day (5Hz) size as one half layer

(will be slightly limited by readout) 18




ADC counts

Cosmic Rays
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Pedestals are stable over the run:

« High sensitivity channels have broader
pedestal fluctuations, higher average
pedestals

* Low sensitivity channels have very stable

pedestals
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Next Step: SLAC Beam Test June 20-30

O O
Elec Gas

4" x 8" Alurminum lable, selt'—sup*prlin_g ar  CO-2

5Hz - single and EX MPC
double electrons

. 4 feel

GEM Trackers

» GEM trackers will both count and vector in the electron(s)
» EX and MPC are on remote-controlled lift table.

» MPC is additionally on sliding table.

» Experiment begins w/o EX

- MPC moves to center beam in each crystal > Energy
Calibration.
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Summary

» MPC-EX detector will provide exciting physics
opportunities
> Low-x gluon nPDF

. More)understanding of CNM effects (saturation, shadowing,
etc...

- Initial conditions for RHIC heavy ion collisions
> Direct photons and y-hadron correlations

» MPC-EX ready for Run 15 with minimal
commissioning

Production testing on-going

Installation in the fall

Cosmic rays on the test bench
EM showers at SLAC

o

(¢] o (¢]

» Exciting future for p+A!
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Why p+A instead of d+A?

% ;pT‘L>2GeVlc, 1GeVic<prs<prL
Multi-parton 2% T e
interactions Soist 4 -
can contribute A A
gootr [ & s 5
to the N
. S b S
suppression of g 005~ T Feke
. g - PP 0 0.41+0.01
the away-side g [ STARProliminary x 0683001
. = -1 0 1 2 3 4
correlation 0
strength. P
Phys. Rev. D 84 014008 o~
, (2011)

p+p — n0n0+ X, s = 200 GeV
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:

Forward rapidity corresponds to Aigh-x in
the projectile nucleon (d or p). Nuclear
corrections at high-x are large for the
deuteron, which may necessitate d+p

running for proper comparison.

X

i ...and you can’t polarize the deuteron at

RHIC...

0.6 0.8 1

BNL p+A Workshop

6/17/2014
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Two pictures of p+Au

Non-perturbative
Color Glass Condensate extensions to pQCD
* High gluon density Transverse momentum (k)
— Treat classically - bominguez, ¢ marer, d€PENAeNt PDFs at low-x
B-W. Xiago, F Yuan _ Ei; GE

* Saturation scale: Q_,  Pross(201) 105005

. ﬂssumESHE{%at}smal< == >' Higher twist shadowing

effects
C6C

- = * Initial state energy loss

‘iﬁ Predicts: Suppression
at low-x, forward 1 or

=n . Ccentral collisions . .
- * * Modified structure functions

* Absorption

o T * Coherent effects

Important:
* Fundamental understanding of partonic processes in nuclei

* |nitial conditions at RHIC and the LHC




Cluster reconstruction

Layars 657 Layars 455 Layers 263 Leyers 041

* Separatelysum energy
In X and y towers

—»
1 sensor
38x4 minipads
g High E deposit
m _ lLﬂ-'l.'u' EdE:pﬂSlt
- Ernerg*},r and pcsmon of local maxima are found

WARRREE @ ~—. 0000092929 -




n¥ rejection
* At E> 20 GeV, it in one track in MPC-EX
* Split energy distributionsinto two parts
— |terate until find stable splitting point

— Find energy of the halves

* Calculate mass from two halves

Singhe-Track Pizera Candidates aimaan

[ Evagy T Y s | G Trach_ywCT T | Entrian 14388
— . Erias— T w0 s =
- +5p||tt|ﬂg point el Cl E>20GeV @ maos
= i man pl 557 ¢ 088
’ ’ | 5 i
+: i Photon peaks - | | b ngerm. ssomer
£ J~  ineach half El
+ 0 Hat, oy
Qe + + X
++ 1 ++
: -I-'-—.-.*——_ -
I4!|.Ilnl.'| — -ﬂ.:!ll. * . -I.ﬁl-l!- e d::l-ll — I-ﬂ.‘uh I:h : i TR
a4 15 0.z 025

mass tGe'u",."cuan

e Able to separate n’and y out to E > 80 GeV

T —————



Finding prompt photons

368 million MB p+p Pythia events
- 16.5 GeV MPC trigger, +/- 50 cm vertex cut

Remove hadrons

— MPC-EX energy deposition ) -

— Shower shape in MPC, MPC-EX =
— pr = 3 GeV

Remove n's

— MPC-EX energy distribution i.e. mass

— Shower shape in MPC, MPC-EX =
- pr >3 GeV

Reduce frag. photons
— Track isolation cuts <

[MPC-EX energy > 70 Mal' |

-
|

el

Cuts optimized using
multivariate analysis
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Direct Photons in Pythia

S E
D410 p+p@200GeV, 3.1<eta<3.8
010 = N s n® NLO
f.___ 10° o — 7% pythia
c = e direct photon NLO
2 o[ ——— LO direct photon pythia
8 10 = R fragmentation photon NLO
3 . — -~ fragmentation photon pythia
4 10 = . radiated photon pythia
S 400
10° =
10% =
10° =
2 __ -._.1“:. .b-." ™ “‘
10EIIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII....“".“"I-",.I"Ilm"‘l"“»l
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
P (GeVic)

BNL p+A Workshop 6/17/2014



In 1] ranges

- - —_Decay photons e o —Decay phateons
wWE n phatons —Frag. phatons ol :i— n photons —Frag. photons
= = =Direct pholons = ! =[irect photons
- L= o B
ﬂ;_ | 3.1 < n<3.45 - 345 < n< 3.8
ol =
= vE Il
E — wE" _II_ —l
N u 1
1 E_ 1:—
= Ll E. Ly Ly sy Ly Ly , —| , N N \ \
| T, [ 1 1IE- EI'E- |3 35 [ d.lﬁp_ -
31<n<38 31<n<345 345<7n<3.8
Direct-to-signal ratio 57.4% 58.3% 56.6%
R, 1.24 1.24 1.35
Signal-to-n? ratio 43+5% 42 +t6% 46 111 %
Signal yield p; > 3 GeV 101 24
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Systematic errors
SR, ) L\P 0.

ARy = = ) ! A¥nc  —E AT

O¥Incl 710 'l: ﬁ"“—wmr
6% error in ° cross section [

4% error in MC simulation

OR

r ﬂﬁj(— Sim

20% error in hadron
subtraction

>

direct-to-signal ratio
A :"|'||.'|' -"I :"flln'
IRy

AR,/ R,

Correlated and uncorrelated components
of sys. error between p+Au and p+p

Quantity
Sys. error AR./R, correlated
Sys. error AR/R, uncorrelated
Sys. error AY,q/¥ing Uncorrelated

Relative sys. error on <N 4>
T~ | -

Sys. Error

7.2%
1%
2%
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SSA’s in pT+A Collisions

-

A pA—»r p .
Al 0, S50} AP
A‘ET‘E}_}H ; . Q: n—lh.f.- v |‘”frJ. Q™ |
.:Ill.' Ii'-:.:l "q'{:;l:] 'il.-"f "y ,‘I'l'.
o =0.16 GeV

Kang and Yuan PRD 84 034019 (2011)

* i Ayin p+p, p+Au, and p+Cu  mmm) Q2 cv:QEF
* Intermediate p; dependence being

developed by Zhongho Kang Fit pr dependence

to get Q5, and Q24

* Prompt photon A, mms)  Change proportion
of Sivers to Collins

Systematic study of SSA's in pT+A collisions will allow us to study Q_,




SSA’s in polarized p+A Collisions

» Kang and Yuan, PRD 84, 034019

PA-d

+A—>h 2 +A—>h
Aﬁ ” ~ QS y p . e Qip A]Z:] ” ~ 1
p+tp—h ~ ! ptp—h ~
AN P <<Q? Qs,A AN P >>0?

A systematic study of SSA’s in spin-polarized p+A collisions
would allow us to study the gluon saturation scale.

BNL p+A Workshop 6/17/2014
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In terms of energy

» 500k single e - half in
each arm for 50GeV &
100GeV

» 5.8fC per MIP in 500u

silicon 1
» MIP ~ 200keV T el
» S0 1000fC corresponds  wgp—r—=" T

to 34000keV —T

100GeV

el r g gl ol ol L x\:KD
1 10 102 10° 10

4 5 6
Ene1r(g)y ( ke\))0




