A proposed Forward Galorimeter upgrade
for the PHENIX'experiment at RHIC
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A propoesed Forward Galerimeter upgrade

for the PHENIX experiment at RHIC
PH-~ENIX
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Outline:
PHENIX experiment layout

Physics motivation - Spin, Heavy Nuclei
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PHENIX experiment at RHIC at BNL

2009 PHENIX Detector

Central
Magnet TE

TOF

aerogel

PHENIX: Special purpose detector to
measure rare processes involving

EM probes (leptons and photons) at high
rate but small coverage. Upgrades to
improve acceptance and triggering.

Calorimetry:
EMC in central arms (PbSc, PbGl)
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US National Science Academy Council Milestones

NSAC Mile Stone FOCAL

Determine nuclear gluon densities at low x in cold nuclei via p+ Au or d + Au Required
collisions.

Utilize polarized proton collisions at center of mass energies of 200 and 500 GeV,
in combination with global QCD analyses, to determine if gluons have
appreciable polarization over any range of momentum fraction between 1 and
30% of the momentum of a polarized proton.

Measure jet and photon production and their correlations in A=200 ion+ion | Marginal
collisions at energies from medium RHIC energies to the highest achievable | without
energies at LHC. FOCAL

DM10 captures efforts to measure jet correlations over a span of energies at
RHIC and a new program using the CERN Large Hadron Collider and its ALICE,
ATLAS and CMS detectors.

Test unique QCD predictions for relation between single-transverse spin | Required
phenomena in p-p scattering and those observed in deep-inelastic lepton
scattering

New Milestone HP13 reflects the intense activity and theoretical breakthroughs
of recent years in understanding the parton distribution functions accessed in
spin asymmetries for hard-scattering reactions involving a transversely polarized
proton. This leads to new experimental opportunities to test all our concepts for
analyzing hard scattering with perturbative QCD.
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Longitudinal Spin AG, Ag(x)

NLO global fit Gerhmann-Stirling models

- : — i GS-C consistent with present data
[ - — DSSV 17 1.2
XAg o DSSV A1 | T
--- GRSV . DSSV Ay*=2% 1 1 xAG(x,4 GeV?), NEO -
: S, I —~ 08 L E{;g N
. X ‘ — : ke (7
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! S I 0.001 0.01 0.1 x
i : S 1 X
S GRSV maxg : : A G=?
[ ORSVmine : . i, ..3° * Whatisthe gluon contribution
T TR AV to the proton spin. Is it at low-x?
small-x 'RHIC | large-x * use Y-jet or TP T to measure and
0.001 <x<0.05 range x<0.2 prObe regions Of |OW‘X
0.05<x<0.2 direct \';
Need to extend measurements to low-x jl> jets —X resolution
forward n (low-x)
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Transverse Spin Phenomena

O

Sivers
- | 1 * Determination of the process
@) 0.04 | 4 .
< SN . dependence of the Sivers
2 5 oo} no process - effect in y+jet events
o I : | dependence ]
S e 1 * What does Sivers tell us about
o) 2 [ correct process dependence | .
O S | | orbital angular momentum?
E <]:-u.m L 7
2 ).( ).0 \ -
0.02<x ,<0.05 T

g -0.04 i -];ﬂl{éi
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Ny

* Use Yy-jet to measure Sivers
effect

* Use TP within the jet to measure

Collins functions
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forward n(low-x)
large n coverage

=\|){ Ondrej Chvala UC Riverside Spin Praha July 28 2009



Nuclear Gluon PDF’s — unknown at low x

Eskola et al, JHEP0807:102,2008 hep-ph/0802.0139
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Figure 13: Comparison of the average valence and sea quark, and gluon modifications at pT y n ot
Q? = 1.69 GeV? for Pb nucleus from LO global DGLAP analyses EKS98 [2], HKNOT7 [7], | = (e v 4+’ )
nDS [6]. EKPS [3| and this work EPSOS. \/E
Pr -1, —nJet
x, = \/_y (e V +e e )
: : S
CGC predicts saturation of
gluon density at low x
XG(X) direct Y

j> jets —x resolution
forward n(low-x)
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Correlations with jets in heavy lon collisions

* Study the medium via long
range correlations with jets

* Are these correlations from a
response by the medium?

1 O L.. .............. B e | .............. .............. 4
3 3 Leading hadrons :
1 3 TEG

- =~ EM shower

et ‘

_10,,:

-10 -5 0 5 10
X (fm)
Jet correlations in AuAu j> EM - shower
large n coverage
—~—
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What do we build?

To meet these goals we
must have a detector that
measures:

* direct yand 1°s
*> jet angles to obtain x,

* forward n to reach low-x
* large n coverage

FoCal requirements:

MUTR "
e Measure photons and n®s to 30 GeV (muon tracking stations) \

* Energy resolution < 25%/VE

Muon Piston
Calorimeter

Forward
Calorimeter

i-—:: ==

[ |
: uf‘ .
o L
[ 1
I 1
[ 1
| 1
| 1
| 1

Forward /
Silicon
Tracker

—~ =

20 cm of space

e Ability to identify EM/hadronic activity = longitudinal segmentation
e Compact (20 cm depth): densest materials - Si-W

e Small Moliere radius 14 mm
e Jet angular measurement

 High granularity ~ similar to central arms EMCal
e Large acceptance — rapidity coverage x, ~ 0.001
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Forward upgrades of PHENIX

PHENIX Detector PHENIX: Special purpose detector to

PC3  cenmal measure rare processes involving

PC2 EM probes (leptons and photons) at high
rate but small coverage. Upgrades to
improve acceptance and triggering.

Forward upg

TOF
Calorimetry:
EMC in central arms (PbSc, PbGl)
MPC  Eocal < ml < 0.35 : :
¥ - MPC in forward directions (PbWQO,)
aerogel 3< |Tl| < 4
| o FoCal tracking calorimeter (WSi)
West Beam View Bast 1<n| < 3 ~10x EMC acceptance
— EaR—
E‘o%ﬁ,lf Central Magnet \}Ofx‘_h?::" ]
) 'i;\_::::'.
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r -100
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Forward upgrades of PHENIX

PHENIX Detector PHENIX: Special purpose detector to

PC3  Cential o measure rare processes involving

PC2 EM probes (leptons and photons) at high
rate but small coverage. Upgrades to
improve acceptance and triggering.

Forward upg

TOF
Calorimetry:
EMC in central arms (PbSc, PbGl)
MPC Focal In| < 0.35
¥ . MPC in forward directions (PbWQO,)
aerogel 3< |Tl| < 4
[ FoCal tracking calorimeter (WSi)

1<In| <3 ~10x EMC acceptance

SVX: VTX Si tracker, |n| < 2.2
acceptance

N | 150
, - ! 100
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Forward upgrades of PHENIX

PHENIX Detector

Central
Magnet TE

PHENIX: Special purpose detector to
measure rare processes involving

EM probes (leptons and photons) at high
rate but small coverage. Upgrades to
improve acceptance and triggering.

Forward upg

TOF

Calorimetry:
EMC in central arms (PbSc, PbGl)

In| < 0.35

MPC in forward directions (PbWQO,)
3<In| <4

NCC tracking calorimeter (W-Si)

West Beam View East 1<In] <3 ~10x EMC acceptance

S
‘5‘0%47 Central Magnet Y1
N . .
%"%9 RHIC Il = 10x luminosity
mpc [
A

aerogel

ZDC South
=

LL1 trigger upgrades -

ZDC Nort need rejection ~ 10 000

I
MulD ]|

FoCal integrated in the trigger
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FoCal description

Copper nosecone = FoCal: 17 cm thick W-Si sampling calorimeter with a radius

of 50 cm. It will be mounted on the magnet coils.
perfect place for FoCal

g Beam pj§

Forward (Nosecone)
W-S$i Calorimeters

=

Sout%coil

e
/0
=
A=
®)
e

Cépper nosecone y

2 fj

Space between the magnets FoCal with silicon vertex tracker
is tight but doable

Magnet Poles
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Overall Detector — stack the bricks

“brick”
\
|
85 cm
Note this
ledge may not be

in the final design

’V\/—_
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Silicon — Tungsten design

Pads: 21 layers in 3 segments (EMO, EM1, EM2)
= 535 pum silicon
= 1 Siwafer: 16 cells: 15.5mmx15.5mm
X and Y Strips: 4 layers
= x-y high resolution strip planes
= 128 strips: 6.2cmx0.5mm

EMO
FoCal Segments: y/n° discriminator EM1 EM2
Incoming Super-tower
particles 6Ccm
ll/' ™ q \

~/ \
(Aplanes of xoy “strips®  gjc0n vpagsr 4 MM W plates
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How does it work — tracking in FoCal

Super-tower

EMO EM1 EM?2 4
\ T
LN ==
TR R TETTRINefTyy [
ILINININTN iR R =
mmugm!mmwnmmmmulmmlwmluml =
NN D i

10 GeV photon shower — only electrons are shown (red)

MBS =\|){ OndiejChvala UC Riverside Spin Praha July 28 2009



How does it work — tracking in FoCal

EMO EM1 EM2

I!‘|| NI R
SO R nnmE e e
LI IR HITHIIE= S
TR

IO IO T

<C> Strip position measurement

Tower hit

rVV—_
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How does it work — tracking in FoCal

Reconstruction steps: cluster all components, find centers of gravity, assign tabulated errors,
fit tracks including the collision vertex position

EMO EM1 EM2

I- &

“”'WWNMMMMMHWIMMMMMM\ 2
(Il ‘A|||%m!

IMWWWIWiﬁHHHNIMWIHWW -
i I\IHH\IH IERDNRR s A
Iy e

reconstructed
photon

AR

I
T
N

fas

<C> Strip position measurement

{>> Segment center of gravity measurement
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Y/ identification: a) 2 track T° for p.<5 GeV/c

Entries sub2 78G4T [ _|merge Entrles sub2 7803 [ _Imerge E=6' 1 O Ge‘ lm..'“ sub2 H482
900 e wen || SO0 e o 15F RE} o
w: | ™ E n F | I [ -
700 E_ C::mum 893.61 0.9 400 » C:u::mnt 4813+ 0.9 e C:'Hﬂm 15.24 = 0-"
E Mean 01313 + 0.0060 L Mean 0.1373 + 0.0000 r Mean 01504 + 0.0019
600 Slgma  0.02366 2 0.00003 N Slgma  0.0226 + 0.0000 5F Sigma 003083 : 0.00209
E 300~ B
500F ! K H M
E C oF
wnc p;=1-15GeV | = [| p=2.-2.5GeV :
3001 T ! Sf
EDDE— y=1'1 5 100 y=1_1 .5 E pT=4._45 Gev
- o _10 |
1005 _J - =1-
0 ﬂ I ok y 1 1 . 5

el N BT 11 11 1111 Ll vl ool i BoBR T b L =S b b b Lo b b b b g
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merge sub2 [ [merge sub2 [ [merge ) sub2
Entries B7T2083 Entries -TET Entries 262558
G600 Mean 04101 F Mean 4842 C Mean 0.4878
F , RMS 0.227 140 RMS 0.2727 200 RMS 02433
F 2 I ndf BT L 22 I ndf 181816 L 22 I ndf W17
500 Prob [ 1200 Prob 0 Prob [
C Canstant 577.4 2 0.8 L Canstant 145,51 0.9 150 B Canstant 21812 0.8
400 Mean 01336 1 0.0060 100 Mean 01444 1 0.0062 L Mean 01386 1 0.0001
Sigma  (.02482 1 0.00004 r Sigma  0.02337 1 0.00016 r Sigma 0024412 0.00010

80—

o || Pr=1.5-2.0 GeV "1l py=0.5-1.0 GeV
2001~ pT—O.5-1 .0 GeV wf y=1 520 501~ y:2-25

1.:.:.%;g y=1.5-2.0 2::4 Wﬂj ﬂ%
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v/Tr identification: b) single track y/m°

I . _
= Above p-|->5 GeV/c 50 GeV TP shower |

= showers overlap on pad level L et LA
" use x/y + vertex to get iylkikEai]
opening angle '

= Energy from Calorimeter

" Energy Asymmetry —assume
50-50 split as a first algorithm 4-x, 2x

> single track invariant mass ‘

* Tested at various energies and angles,
so far at p+p multiplicities

« TP
" measured as TP 50-60%

v

= faked by singley ~20%

oY 4-y, 2y
" measured as Y 60%

= faked by T® ~5% T
WORK IN PROGRESS

’V\/—.
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Hadron rejection — how it works

Assemble track of tower clusters and strips
Compute segment track energies and “track width” in segments and strip layers

Build a x?-like estimator comparing parametrized and actual values

| Hadrons (pi+) |

wo*

Spectra conversion
(particles — showers)

Hits
All showers

EM candidates

Hits 1
All showers

EM candidates

rejection ~ x100 L
Shower shape :

measurements 10

10°*
10°"

rejection ~ x10

107
@ 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40
Pt [GeVic] Pt [GeVic]

’V__
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FoCal simulations result

a‘; {-}.25 : T T | T T T | T T T | T T ]

el s K ]

2 = % EM shower energy :

81~ 02F res. ~20%/VE [GeV] y

0.15[% .

i T.‘ Simulation

0.1 - é“ Curve: (0.23/sqrt(E) o

E 'é""t,ﬁ E

0.051 R o

I ", - i

i | | | | | | | | | | | | | | ]

% 20 40 60
Incident Photon Energy [GeV]
,Y_
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0.03

0.4 + Jet energy
* resolution
g
HW% M
| LI
0% a0 e 80
[GeV] JetE

B # 1) Resolution
[ ¢ Resolution

. Jet angular
@ resolution
o @ _|
g .« @ s
o -
i o o B o o] —
DD_II I1|lflI II2|l.'l|HI?.llIIHHJ'-IllIIHII5_III
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X, resolution in gamma-jet Pythia events

| x2-x2res : gamma in ncc, jetin ncc | X2x2res_nccnce
Entries 57259
1c Mean x -2.35
Pry . n nJet - Mean y -0.01622
x, = (" +e) 0.8~ RMS x  0.3122
\/; sz ok RMSy  0.1537
p ~ - 0.4
x, = Ty(e N 4o I7Jet) x2 -
Js 0.2
|
assume lowest X is X, 020
04—
| X2 - x2res : gamma in ncg, jetin ncc | x2x2res ncence _py | g gl
Entries 57259 -
- Mean -0.01624 _0_3:_
3500 RMS _ 0.1538 o
- 4 35
3000—
2500
2000 _
: X,~ resolution 15%
1500—
ool Radiative corrections not included
n ToDo: NNLO QCD
500
0:|_| Il I o 1 | L1 1 | 1 1 1 | 1 1 1 | 1 1 1 1 1 | 1 1 1 | 1 1 1
‘1 08 06 -04 02 -0 02 04 06 08 1

Ax, / x,
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Prelim. results: FOCAL Direct Gamma A, at 500 GeV

L = 150/pb, P=0.7

| h_ncc_ALLO |

| h_ncc_ALL2 |
0.012F I
- GSC, w FOCAL Response 0.012=
R - GSC, Response +
“'m:_ — 001— Background
00081 BB u.noa:— P s
- I - ——
0.006 0.006 —
§ % B ——
0.004[ | 4’7 0.004 —
0.0021 0.002]- AQE,
- e
|:'_||||||||||||||||||||||||||||||||||||||||||| U_II|III|III|III|III|III|III|III|III|III|III|I
4 6 8 10 12 14 16 18 20 22 24 4 6 8 10 12 14 16 18 20 22 24
pt [GeV] pt [GeV]
Fiducial cut 1<|y|<2
Isolation cut E<5%*Econe y/T® Disc. Cuts (factor 7 S/B improvement)
Longitudinal profile cut Dilution from background included
No background included
’VV_.
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Preliminary results: Expected Error for G,(x)/G_(x)

G(X)a/G(X), p; jet > 4 GeV, p, gamma > 2 GeV

16— d+Au: [Ldt=0.45pb -1 x 0.25 eff

p+p: [Ldt =240 pb-1 x 0.25 eff

I T TTTH I IIIIIII| I IIIIIII| T T

1.4

1.2

1

0.8

| |||||||| | ||||||I| | |||||||| L1
100 100 100 )

.

|-2.5| — I-EI — |-1.5| — |-1 — I-ﬂ.5
Log(x,)

&

Possibility for a dramatic improvement in understanding of G(x) in nuclei
Impact is widespread: Heavy lons, Nuclear Structure, Nuclear Dynamics (CGC?)

Errors are statistical only

’V_.
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10 GeV
electron

c=10%
Tested at Protvino in November 2005
Early design
Channel to channel gain variations not complete
Electronics from other application
Present design gives 0~8% at 10 GeV
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Prototype tests 2) 2x2 sensor prototype

Current stackable design
All components nearly final
including readout
| Strips included for R&D
Tested at CERN in Sept. 2007
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Pad Micromodules and Carrier boards

Ceramic spacer
Interconnect

Sensor
s Ground foil
Ceramic strongback

Positioning precision by component placement

’V\J—_
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Prototype tests: 3) 2x4 modules — the smallest brick

. Strip readout
s S to FEM

ummi

ackplanes

Pad readout
to preamps

Al
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Prototype tests: 3) Protobrick

3 ot

.

Protobrick = 2x4 modules, 8x16 towers & £«
(the smallest FoCal brick)

Tested at PS and SPS at CERN
in May 2009

Final FoCal design including
strips — tested as hodoscope
(shown) and inside the
detector positions (gaps)

Analysis in progress

Pad resolution OK
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Performance of Strip Sensors — Signal and Noise

500
= hPedy hMIPy
450 Entries 3066 || Entries 3066
A00E— Mean 1.028 || Mean 52.43
= RMS 2.376 || RMS 35.31
350— *2 | ndf 326.4/145
30{]:— Constant 466.2+ 14.9
- MPV 36.83+ 0.28
250 Sigma 5429+ 0.141
2002—
1501 . . .
= Strip #40 in Y strip plane
100
sui—
[]: | P R, ettt 1
0 50 100 150 200
MIP peak (brown) and the pedestal peak (blue)
’\/‘

\\//

PH

500

400

300

200

100

hPedx
Entries 4029
Mean 1.995
RMS 1013
¥2 I ndf 29.76 /12
Constant 552.8+11.7
Mean 0.8078 + 0.0480
Sigma 2.799+ 0.042

hMIPx
Entries 4029
Mean 57.29
RMS 29.05
¥? | ndf 371/163
Constant 418.1+10.6
MPV 419+ 04
Sigma  8.128 + 0.160

Strip #64 in X strip plane

50 100

150 200

Typical energy resolution is 6.6 KeV, assuming MIP deposition = 82KeV

<<EN|X Ondrej Chvala UC Riverside

Spin Praha July 28 2009




Current Status: Hit Position Correlation

= 20
- S - — 20
120 - - 18 120 ' &
N O hxy - e i
- . o Entries 28980 —16 i |
100— Meanx  4.258 100 — . = T 16
. . - Meany 0,089 114 - a
- -| =] — " - - — 14
o RMSx 1378 -
80— ! F " RMS y 27.76 —12 80— = —12
L ___5_|-: e C AT hxy
60— o - ; —10 = v, Entries 36340 [ [ —{10
B .E-'cf‘ . 60— Meanx  7.972
F{._ —8 B Meany 9527 —18
o - RMS x 24.29
40 — 6 40— RMS y 28.9 6
B 4 B 4
i 2 B 2
u L L1 | L1 | | I—— | I — | T — | I—— | | 0 D L I | L1 | I | I | I | T | | ] D
0 20 40 60 80 100 120 0 20 40 60 80 100 120
Y position in hodoscope X position in hodoscope

Correlation between hit positions in strip planes in the calorimeter
(Y-axis) versus the same in the hodoscope (X-axis)
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Current Status: Beam Image

R S me T = B . 20
120 e Lo l1a 120/~ ) S Entriash " 3655 .13
B .- PR e e | - - - Meanx 7.915
“ Flci g
- —14 L RMSy  1398|| —14
B hxy . ~ - -
80 TEntries 38900 o1z 8o e —12
- |Meanx  9.451 . - : T
col | Meany 8876 1 - "
[ |RMSx  28.68 60
- [RMSy  27.13 — 8 B —18
40 : 6 40 K- ; ! 6
zo:— - - - 4 - . SEm 4
i : ) 20:— - - s oot :'-':-E:i_-" )
D_ ce e L b Lt ] 0 0_ S T I Y T N N -EJ :I'f:'ﬁ-_\-':;‘:-:-?-.l:':i [ 0
0 20 40 60 80 100 120 0 20 40 60 80 100 120
Beam image in hodoscope Beam image in strip plane
strip plane. inside the calorimeter
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Project status

- Analysis of the May09 protobrick beam test is under
way at BNL

- Simulations for a proposal are in progress
- By Fall 2009 — final proposal for BNL ready
Ready for production, partial installation in 2011

nstallation and commissioning of one full FoCal arm
oy early 2012

- 1 arm minimum for all physics, we have space for two
- Other side for asymmetric collisions (d+Au)
- Different rapidity regions and larger coverage
- Factor 2 in statistics & a RHIC run costs ~ S100M

- R&D continues, significant interest in the Si-W

technology from other experiments (calorimeter for
ILC, forward calorimeter for Alice)
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FoCal Conclusions

FoCal: dense W-Si tracking calorimeter with small Moliere radius
10x larger acceptance than central arms allows new physics studies

R&D well advanced, successful beam tests, installation in 2011-2012
Novell technology, significant interest outside PHENIX

FoCal provides: Allows for studies:
= Precision measurements of EM s Spin program
showers in forward region(s) - gluon and anti-q polarization
s y/n0 discrimination similar to central ~ transverse physics
arms, 0 up to kinematic limit = d+Au collisions

s additional y/hadron discrimination - gluon and anti-qg distribution at low x

- Cronin effect
s jet finding, jet energy and rapidity

measurements = Heavy ions

- suppression in forward region

s data for fast LL1 tri '
ata for tas riggering - opacity and temperature of sSQGP

- high resolution reaction plane
measurement
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Backup slides

rVV—_
MBS =\[){ OndrejChvila UC Riverside Spin Praha July 28 2009




FoCal LL1 trigger
Rejection at 200GeV and 500GeV

(NOTE: Rejection is now for ONE FOCAL)
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FoCal Physics - Motivation

|. Heavy ions — hot nuclear matter
+ Rpa in forward direction, esp. 0 at high momentum

+ v-jet correlations to study opacity of sQGP
+ Plasma temperature using charmonium suppression
+ Open heavy flavor measurement via electrons (+FVTX)
lI. d+Au collisions — cold nuclear matter
% Gluon structure function (saturation at low x?) by
 Single hadrons via EM channels (n°, n, ®, ¢, J/y, ...)
 Direct photons, y-jet correlations to fix kinematics
* Dihadron production: @@ or 1 in NCC and another in EMC
* Open heavy flavor production
%+ Antiquark DF in nucleus at low x via Drell-Yan
+ Cronin effect, xg scaling of produced hadrons in p+A
lll. Polarized p+p interactions — spin structure of nucleon
+ Polarized gluon distribution AG via single hadrons, direct y, heavy flavor
+ Antiquark contribution to Ag via W

* e measurement, BG reduction for
+ Transverse physics
« single spin asymmetry Ay — Sivers, Collins, higher twist
 trasversity 69
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Technical design: novelties

* Concept of micromodule (single sensor ladder)

* Concept of positioning precision by component
placement (connectors)

* Concept of passive summing circuits and optimal
filtering to cancel impedance mismatches

* Pipelined signal processing and clock synchronized
energy and timing measurements

’V__
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A Brief Introduction to W Spin Physics
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ﬁlﬂ.l u x i ALZU+d—>W+—>u++V”
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M. Hirai, S. Kumano, N. Saito, Phys. Rev. D 74, 014015 (2 L B B
ai, S. Kumano, N. Saito, Phys. Rev. D 74, 014015 (2006) d(xa)u(xb)+u(xa)d(xb)
The W boson in polarized proton collisions gives a unique ability . M . —-NMd
to study the flavor dependence of quark polarization X, >>x, A =—— A =——
*The W maximally violates parity (V-A); large analyzing u ) d )
power ,_—-Ad _ _-Au
*Selecting different y and p; regions allows one to measure x,>x, A, =—— A, =— p

the polarization by flavor d u



W Boson with FOCAL — worth pursuing?

60

FOCAL Covers
L)
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There is eno@h [BdI to get a deflection which is on the order of the size

of the VTX detector elements

The FOCAL provides the electron momentum through Energy

measurement

-  effectively gives a factor of two in measuring the sagitta.

43



W Boson with FOCAL — worth pursuing?

Forward
FOCAL Covers EM Calorimeter
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L)

» There is enough [Bdl to get a deflection which is on the order of the size
of the VTX detector elements

» The FOCAL provides the electron momentum through Energy
measurement
-  effectively gives a factor of two in measuring the sagitta.
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Strategy: Plausibility scenario

Run year milestones FC complete | Funding RBUP/PAC Physics, priority
source
2009 Proposal Prototype BNL Test beam v/n° identification
(funded) | 500 GeV pp EM PID, resolution
2010 Construction 200 AuAu
begins 200 pp
2011 Large scale test | Partial install | BNL 200 UU T™R,, pt~5 GeV
in PHENIX Low E AuAu
2012 Install and 1st side BNL 200 AuAu Particle-jet correlations ridge physics
commission 1% | No strips $2M 500 pp pp Collins@500
side — no strips
2013 Install y/xn° v/n° 1t side NSF MRI/ | 200 UU/AuAu Particle-jet (auau-all in FOCAL)
RIKEN 500 pp Xc.,
$1.5 v-jet(pp —AG(low-x), Sivers/Collins@500
2014 earliest Install 2nd side ? 200 pp v-jet(pp — y/jet jet/jet in FOCAL)
of 2ndside $2.5M Low E AuAu AG(low-x), Collins, Sivers@200
AuAu - large n ridge physics
2015 done done P(d)A ? v-jet(dAu — y/jet in FOCAL, gluon SF)

200/500 pp?

Y In dAu, pp




Other FoCal physics in A+A

* Energy loss in medium via ™° R,, at forward
rapidity

* Direct photons

* Charmonium production and suppression:
* Xe = YHIN

* High resolution reaction plane determination for
geometry and path length dependence studies

o Critical point search through E- fluctuations
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Nuclear Gluon PDF’s

Saturation of gluon density at low x?

(G(x) 1 10°*

103

I/x
Measured by direct photons and jets 102 ‘
. o 0. pQCD
ha i A
1 14 | | |
. & g 1 10 Q (Ge\;)mu
h B
X = lj/T_V (& +ey directy
° jets —x resolution
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