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Outline

* Phenix now and in the next decade

« FoCal: A forward EM calorimeter
— Gluon Densities at Low X In Nuclei

* Forward Muon Trigger Upgrade

— Accessing Sea Quark Polarizations in W
production



De_tector at RHIC
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PHENIX Acceptance

Tracking

— Central region and forward
muon arms

« Calorimetry
— Very limited acceptance
® In¢$ and n
« Staged Calorimeter Upgrades

« Muon Piston Calorimeter
(MPC)

— 3.1<|n|<3.9

coverage

 Need more forward
calorimetry




Access Low X Nuclear Gluon

Distributions in d-Au

Y =1In 1/x
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Importance for QGP Interpretation

PHOBOS v, vs Hydro Calculations

—— CGC, T, .=100MeV
- BGK, T “=100MeV

dec

— CGC hydro+cascade

E!GK, hydro+cascade
+  PHOBOS(hit)
« PHOBOS(track)
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Npan
T. Hirano, U. Heinz, D. Kharzeev,
R. Lacey, Y. Nara
Phys.Lett.B636:299-304,2006

Color Glass Condensate

Brodsky-Gunion-Kuhn Model
Phys.Rev.Lett.39:1120

> 4

Knowledge of the initial
state is important for the
quantitative interpretation
of experimental results in
heavy ion collisions!



Finding space in PHENIX

« Small space in front
of nosecone

— 40 cm from vertex

Muon Piston
Calorimeter

— 20 cm deep

e Calorimeter needs to
be high density

— Silicon-Tungsten e
Sampllng Calonmeter (muon tracking stations)
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Introducing the

FoCal in PHENIX

Acceptance

Acceptance
— 1<n|<3

Forward gamma, pioO,
Pi0-gamma
correlations

Access to low x

N

., coverage

0




FoCal x Coverage

e X coverage.
X versus n (p+p, 500 GeV)

(FoCal & MPC Acceptance) — Weak p; dependence
o S IRGERRESE RIANNS MM R — Strong n dependence

— FoCal complementary to
MPC

photon 1
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What I1s the FOCAL?

P

30cm

« A compact Slicon-Tungsten

42cm

18cm

(SW) sampling calorimeter: AN T PR

6crfn—

s

tungsten absorber plates with
silicon pad readout.

e 1<n <3

e 21 azimuth

« 21 X, deep

» Three longitudinal segments of
pad readout, to reconstruct
lateral and longitudinal shower
profile

* Four layers of S-stripswithin
the first Xo, for y/=° separation.




Zooming In

Il

EMO EML EM2
One tower:

* 4 mm thick W plates, ~21 X,;
« 3x7 = 21 layersof 4x4, 500 um thick S pads

—

« 15x15 mm? per pad
8 layers of 300um thick, 0.5 mm wide S strips

* 4 horizontal strip layers + 4 vertical
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ldentifying =° and y

Use strip layersto track early shower | | l

[

development, via hough tracking;

When two tracks are found, reconstruct
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Detector performance studies
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 Photon identification

— efy radiation length: ~21

— Hadronic rad. length: ~1
Photon energy determination

— Sampling fraction ~1.5-2.0%

— Resolution ~ 20%/VE+0.3

* Good angular resolution is critical for
jet measurements,

* Results from simulation studies
exceed minimum requirements

» Bmbedding jet in d+Au events has
very small effect on resolution 13



Beamtest with Prototype Detector

\ 3-segment brick, with the 4

towers in the center
populated with pad sensors.

+ full readout chain,
connected to
standard PHENIX
DAQ




Summary FoCal

« Access to small x in direct vy, °
correlations

— d-Au: initial state nuclear gluon densities:
CGC

— Longitudinal polarized pp: DeltaG
 Beam test of prototype ‘bricks’ successful
« Awaliting final approval

15



Measurement of W Production In
W->uv In the PHENIX Muon Arms
In Polarized pp Collisions at

Js =500GeV

:  Muon Tracking Detector
Muon Identifier

South Side View North

Rapidity: 1.2 < n<2.2 (2.4)
Ap=2Tm

16



W Production Basics

Since W is maximally parity violating large measured Au and Vv
Ad require large asymmetries. L] e

I
N +
ud >W
du >W
A\L/v‘ — o o o Aulx )d(x,) — Ad(x, Ju(x, ) X;(X,): momentum fraction
R dex, u(x, ) u(x, )d(x, ) of quark in polarized

(unpolarized) proton

Similar expression for W+ to get Ad and Au...
17



Predicted RH

« Good sensitivity
In u sample

known
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W’s in the PHENIX Muon Arms

Inclusive L Production, 500 GeV/c
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PHENIX Muon Trigger Upgrade

RPC3

() 2 dedicated trigger Resistive
Plate Chambers (RPC)
stations (CMS design):

~ 1 degree pitch in ¢

(I) MuTr front end
electronics

(MuTr-FEE Trigger)

Morth

Additional absorber necessary for offline background rejection



’_v_

Resistive Plate Chambers (RPC) at pPH:<ENIX

|

ZDC South
-

half octant
Use already established CMS Bakelite RPC technology and expertise/
RPC
modules

21
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RPC Technology

Use already established CMS Bakelite RPC technology and

expertise i

RPC Spacer -
modules B A —

Readout Strips

—————
Bakelite —Ground

Graphite Coating

Mylar Sheet

PHENIX RPC requirements

Cathode Time resolution <3ns
Average cluster size ~Ccm
=2 .
' X=emm Efficiency > 95%
Anode 0 kV -
/ Rate capability 0.5 kHz/cm?
22



W Trigger System

Trigger events with straight track
(e.g. Astrip <= 1)

Station3 -
/ H
/ i

/ H A

Station? I / - MUTRG
+7|A5t“p Amp/Discri. i Data
' Transmit  : Merge |
0 , _
%u MUTRG OEtICaI .
ADTX | 1.26bps L] MRG

Trigger

Stationi

2 planes Trigger

“k 5)5525;7-’{J. qulj-r1' l:si:éé ..... >
B # 0 FEE

Interaction Region Rack Room

2323



1

Resistive P até/(\;/om:l‘n-tag - Svste mh o 7
(RPC) (® segmented) Trigger events with straight trac

e.q. Astrip <=1
\ T (€.9. Astrip <= 1)

Station3] 1 EE
—_l RPC .
/ FEE | &

[ Station?] " MUTRG
Astrlp : - + Data
T*-' Amp/Discri. i Trigaer
Transmit i Mergel 9
[ Stationi | : - .
0 . '
% 2| u MUTRG |—or® ) | MuTRG
1 ADTX | 1.2Gbps MRG
ly +
, 2 planes ., Lrigger
: / RPC / MuTRG data are
a — MUTr f—sieeeees also recorded on disk.
- 95% FEE i
B T 2424

Interaction Region Rack Room



Resistive P até/(\;/om;l:tglg Trir éQr\e!vents I\;vti:h straight track
(RPC) (P segmented) 99 ;

\ T ~ (e.g. Astrip <= 1)
.. { L Level 1 Trigger
Station3 :

.I_ RPC | Trigger >

FEE Board
i 7y
tatmni i MUTRG
Astru : _ 55 Sea
Amp/Discri. i Trager
TH Transmit Merge . gg
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0%/ u MuTRG |-20tcal l MuTRG
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! ;
) 2 planes ., Lrigger
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Interaction Region Rack Room



Instrumentation in 2009 run

PHENIX Detector

Prototype Central Magnet
RPC -

ZDC South

ZDC North
] s ]
MulD

MulD

“ South Side View North

«Full Installation to North Arm, 1/2 octant installed to South
.Demonstrate performance of RPC and MuTRG with beam
of Ys=500 GeV. %



EDrototype RPC Performance @ Run9

Central Magnet
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Work during last Shutdown

* |nstallation of MUTRIG FEE In South
* |nstallation of RPC3 North

28



RPC Detector Module Test and Production at BNL

cosmic ray trigger (10 scintillators readout both sides)

10 shelves for RPCs

cosmic ray trigger (12 scintillators readout both sides)

Module A v cosmic ray test stand at RPC factory

We are measuring: Noise rate, Total (2D) and strip efficiencies, Positiores
and time resolutions, Cluster size







'RPC3 North Completed Installation




Status of Software

.Sb(,, 4, Conral Maguet o\\\.\“\@e\
* Reconstruction , &5
— RPC included 4 |
— Offline MuTr stations exists L ’ B i
 Simulation i Soul % = Z[)F North
— Efficiencies Wi { 15D MR
— Smearing 1\1““. RxNP /
. Moment_um o Ape]
« Charge identification | o |
South Side View North

— Background simulation - -

« Hadronic background
— Punch through
— Decay hadrons faking straight high momentum track

« S/N assumption: 3:1
— Reachable with absorber (2011) or future vertex tracker (>2012)

— Absorber effects
« Background suppression
« Impact on momentum reconstruction

32



Charge reconstruction and Momentum
Smearing in Simulations

Wrong charge

100 .Lm pos. res.

2.2:
> 2f
T ef 400p
CQCS- 18E e [
B 1.55— ..Egn:
= S Momentum
165 oo s :
% sE Sl Smearing matrix
SE =
0 o
sE 7of
1"!! 10 20 30 40 50 &0 TO L1 :‘tn?uhud ';IIII
recoan Lr] T Eu_
Correct charge
= 22f 1
> 3 21
= o E
=
Q. sE
© E
e 1.5:—
-g 1.r;—
Q 1EE-
n =
al 1.8
14
1.3;_ 0 10 20 30 40 50 60
10 13 450 AEEEEE| L P, generated

Reconstructed Pt



I

Summary and Outlook Forward
Upgrade

Forward asymmetries provide essential
Information about sea quark polarizations

No uncertainty due to fragmentation

PHENIX forward upgrade will enable
measurements in unique kinematic region

Hardware and software in place for polarized pp
collisions at Vs = 500GeV in run1l

Completion of RPC stations during shutdowns in

— 2010 RPC3 South
— 2011 RPC1 North & South

34



Backup



North Arm

IN
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2008 Install=>»




Prototype RPC installed in 2009 run

PHENIX Detector

Prototype |,
RPC

/l I\l I ZDC North
MulD

Mu'lz

View from back



Simulated Asymmetries for 1.2 <|n|< 2.4
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Resistive P até/yom]:tag . Sv Qip

Trigger evesss

(RPC) (® segmented)

VLT

traight track

Station3 /(

(e. =1)
Trigger
>
2N  };§%
ZNTRG

Station2 +

Stationl

| rigger

=l
95% FEE
Interaction Region

RPC / MUTRG data are

""" > also recorded on disk.

3939
Rack Room



Flavour Separation->Increased
Sensitivity in the Forward Direction

»Asymmetric X, X, helps disentangle asymmetries
»Sea quark distributions vanishes at high x
»W in forward/backward rapidities

AXV _ o —o o Au(x, )d(x, )< Ad(x, )u(x, )
o o dix, )y il )dix, ) X1<<X;
(W is produced in
backward direction)

suppressed

40



Muon Arm

‘ _——'

Installation to South

 Post Run9 Shutdown

« Completed!

« Under Commissioning in
Runl10 Au-Au Run



Work during last Shutdown

* |nstallation of MUTRIG FEE In South
* |nstallation of RPC3 North

42



Impact of Fragmentation Functions in SIDIS data

D. De Florian et al. PRD71:094018,2005 NLO @ Q%=10 GeV?

Yois | X’sois | Au, | Ad, Au Ad As Ag AY

Kretzer| 206 225 094 |-034 |1-0.049 |—-0.055 | —-0.051 [l0.68 0.28
KKP | 206 231 0.70 |-0.26 0.087 | —0.11 |[-0.045 [10.57 \ 0.31

L m(Au+~AD) 1
0.2 1t
o L
e \/
: wAd+Ad) :
0.2 1+
0.06 [T e ] [ 0.06
0.04 _ A _ _ =Ad _ _ xAS — KRE (NLO) _ 0.04
0.02
o — S
-0.02 |
oo | 4t 1 S oos
-0.06 L — L i —— T i — - l0.06
10 10 10
Xp; Xp; Xp;
 Kretzer FF favors SU(3) symmetric sea, not so for KKP 43

* DS ~30% in all cases
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A new experimental Approach in p-p

* Accessing sea quark polarization in W production
»High Q2
»No u quark dominance
»Only single spin asymmetries
»No uncertainty due to fragmentation
»No nuclear corrections of measurements

44



W Decay Kinematics

- - "
W . K V) /
p o ) 5 p d 1 ) Y 1_12 p
u(xy) d(x2) (z1) u(z2)

o x a(x1)d(zs) (1 —cosf)? + d(z1)u(zs) (14 cosb)?

W M—— 1 ——
n 0 + N gl
P P d* (1)~ y7(e)
7~ >
o y N
1 v 2 < -‘c — S
e 0 =n N

Decay kinematics lead to decreased separation for W* 45



High |n| leads to sea/valence separation

pr>20 GeV

<X>

..fl_"

PHENIX Central Arms

D. de Florian at RSC meeting, Berkeley 2009
46

Large n-coverage: also important for sea/ valence asymmetry



Charge reconstruction and Momentum
Smearing in Simulations

Wrong charge

100 .Lm pos. res.

2.2:
> 2f
T ef 400p
CQCS- 18E e [
B 1.55— ..Egn:
= S Momentum
165 oo s :
% sE Sl Smearing matrix
SE =
0 o
sE 7of
1"!! 10 20 30 40 50 &0 TO L1 :‘tn?uhud ';IIII
recoan Lr] T Eu_
Correct charge
= 22f 1
> 3 21
= o E
=
Q. sE
© E
e 1.5:—
-g 1.r;—
Q 1EE-
n =
al 1.8
14
1.3;_ 0 10 20 30 40 50 60
10 13 450 AEEEEE| L P, generated

Reconstructed Pt



What about direct vy
identification?

* Important for our measurements in the next
decade in

— Spin

— d+Au

— Au+Au

48



High energy =°® shower

Origin of all shower
particles (red)

— Shown with effective
resolution of pads

Individual tracks not
distinguishable

Transverse Distance (x) [cm]

30 I |

- Energy of n"=36GeV v i‘.u.u
28— X | "."' —| —o.az

I .-:( 1

m ‘ | —Ho.10
26 8 7

il 1 oo
24} ) | oos

L R ) 0.04
22 "

q;»‘ 0.02
2“ i | | | 1 1 I | 1 1 1 | | | | | 1 000

45 50 55 60

Longitudinal Distance (z) [cm]
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High energy n® shower

 Finer resolution could “see”
individual tracks from r©

30

- Up to ""SOGeV E r Enérgy ofrr“=.?:EGLV | i‘.a.m
= i .l

. 8 23__ — —{0.12

 Make the whole detector with g SR RLEL 1 oo
finer resolution!! S 2 | BB Fib

— Not realistic — what can be
designed?

Trans

1 1 1 | 1 1 1 1
55

Longitudinal Distance (z) [cm]
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High energy n® shower

Finer resolution could “see”
individual tracks from r©

— Up to ~50GeV

Make the whole detector with
finer resolution!!

— Not realistic — what can be
designed?

Add highly segmented layers
of x/y strips into first segment.

— Measure the development of
the shower at its infancy

— With a resolution to distinguish
individual y tracks

51



High energy =°® shower

Finer resolution could “see”
individual tracks from r©

— Up to ~50GeV

Make the whole detector with
finer resolution!!

— Not realistic — what can be
designed?

Add highly segmented layers
of x/y strips into first segment.

— Measure the development of
the shower at its infancy

— With a resolution to distinguish
individual y tracks

Transverse Distance (x) [cm]

Tracks are visibly Track showers

30

Separable Merge

| M
- Energy of n"=36GeV

i i‘
h
a*

28

261

24

Longitudinal Distance (z) [cm]

...

—0.12

—10.10

| —{0.08

—10.06

0.04
0.02

0.00
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High energy n® shower

Energy of 1°=36GeV ° USIng a Hough
Raw Hits Transform,
FoCal Hits . .
— Transverse/longitudinal
coordinate

— Find the best track as most
frequently occurring
Hough-slope

 Use each track vector, full
track energy — calculate
Invariant mass

0.5

Hough-Slope (x/z)

53



Performance of FoCal

Reconstruction

1] N B » E DD s s
S 80 p+pl(500 GeV) s = ﬂ d+Au (200 GeV) + pythia (y-jet)
8 1 8
: ﬁ All 1%'s (E_>5 GeV) 3004 oot
T8 = | L
60 _AII N ’ Asymmet-rric n's (ET>5 GeV) i { Background (~Had)
:‘ “ ” 200
.WJWW | g
2{!1r ""Illl | |||||IHI|H II 100;:— ﬂﬂ
ol ﬂmhmi “ﬂ i
L b H| i RO e s S S L
% 0.2 % 02 04 06 08 1

Inv. Mass [GeV] Inv. Mass [GeV]

Signal reconstruction
(d+Au 200 GeV minimum bias +
embedded pythia y+jet signal)

Reconstruction of 70
(p+p 500 GeV minimum bias pythia)



The prototype detector

\ 3-segment brick, with the 4

towers In the center

populated with pad sensors.

+ full readout chain,
connected to
standard PHENIX
DAQ




One XY
strip plate
inside SO

Calorimeter
segments
S0, S1, S2

56



Prototype performance

Pedestals. very low noise,

Connecting the pad modules
Increases RMS by only ~ 0.2
ADC counts

25—

20—

15—

10—

5_

HBD ADCs Only
w/ FOCAL PADS

ol

0.2 0.4 0.6

1.2
RMS (ADC Counts)

[h_e3_115 | h_e3_115 ]

Entries 52076

we Mean 0.2826
B RMS 1.617
Underflow 0

10" Overfiow 1d
i 1 44,1763

Prob 0.9662

’0? Caonstant 4914 + 232
MPY £.505 + 0.0T9

Sigma 0.9351 + 00408

18

Muon beam: clear MIP peak

Response well described by
Gaussian pedestal + Landau
function

S7



Prototype performance:
response to electron beams

Linearity Energy resolution [#
[ s go3 o iireies

0 C Prob 0

% - | p0 .7.932 ¢ 0.2531
- p 68.29 + 0.05872

4000

3000

0.25

0.2
0.15
0.1

-
n‘ns

% 10 20 30 4 50 60 70 8 9 010205040 50 60 70 8090
Electron Energy (GeV) Electron Energy (GeV)
Good linearity up to Energy resolution currently at

~90GeV, and down to very ~26%/+E, but this still can be
low PSbeam energy improved; design value is 23%,/VE
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Muon Signal Efficiencies
and Smearing from Simulations

Pseudorapidity
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 Note:
— Start at 5GeV
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Abstract

In the near future the PHENIX experiment at Brookhaven National Laboratory will

install several upgrades to enable an extended physics program in the next decade.
Cente&pieces of this effort will be new vertex detectors, forward calometry and a muon trigger
upgrade.

This talk will focus on the later two.

The planned forward calorimeter FoCal will bridge the gap in the acceptance of

currently installed electromagnetic calometry in PHENIX in the pseudorapidity range 1 to 3.
Using silicon tungsten technology it will enable the measurement of direct photons and neutral
mesons as well as

jets in a kinematic domain that will allow the access to low x values in heavy ion and polarized
proton collisions. .

This is especially true in sqrt(s)=500GeV proton-proton collisions.

At these energies a milestone in the RHIC spin program is the measurement of the sea quark
polarization of protons via W production.

Using the parity violating nature of the weak interaction single spin asymmetries can be used to
access this quantity at high momentum transfers and independent

of quark fragmentation models.

In 8rder to detect muons from W decays an upgrade of the PHENIX muon trigger is currently
underway.

It consists of new detector stations using RPC technology and new FEE for the existing muon
tracker stations.
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(2.5 -4.0GeV/c)

Onset of Gluon Saturation

 Nuclear modification
factor:

BRAHMS: PRL93 (2009) 242303 — Increasing suppression with
M

Consistent with the onset
of gluon saturation at
® Central (0-2096/60-80%) small-x in the Au nucleus.

2 Semi-central (30-50%/60-80%)

Need to study this in more
L detail by

AT — identifying particles

— expanding forward coveeage



| : : :
Proton spin contribution from gluon
polarization

p+p collisions

= DSSV Ay*=1 _ Spin contribution from
DSSV Ay*=2%

gluon polarization
— derived from measured A |

— currently over a narrow
region of x

-
“~
.

Large uncertainty at low-x

Need to measure A, over
- - a broader region of x
range

0.05<x<0.2 — forward n

— measure direct photonsss




Associate n: 3.1<1 < 3.9, pT = 0.45-1.59 GeV/c

Trigger Particle: |n | < 0.35
o % pT =2.0-5.0 GeV/c
h'": pT = 1.0-2.0 GeV/c

Triggern?® pT scale uncertainty 5%

Associate pT scale uncertainty 10%

PHENIX
PRELIMINARY

Correlation of central arm
and h* with MPC r©

Measured associate
yields relative to pp

Systematic suppression
with centrality

— No appreciable trigger
dependence

Probe low-x 65
(0.006<x<0.1)



FoCal x Coverage

e X coverage.
x for n bins (p+p, 500 GeV) _
(FoCal Acceptance) Weak py dependence

— Strong n dependence

— FoCal complementary to
MPC

« Selecting n region probes
a specific x range

: 1 s 0
log10({x 2]
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« Silicon-Tungsten

sampling calorimeter
— 21 layers ~21X,

« Each Arm: 1<|n|<3

« Expect good

resolution in E and
n/¢

— Active readout
~1.5x1.5cm

e Distinct 2-shower 70

up to p~3 GeVi/c
(n~1)

FoCal

Il

i

I
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Nuclear .
Modification  p =~ _ 1 dENAYdprdy
dAu

Factor: ~ (Neou) d®NPF/dprdn
Raa

CGC-based expectations

1.75
Kharzeev, Kovchegov, and Tuchin,
1.5 Phys.Rev.D68:094013,2003
1.25 U
1
0.75 7 rapidity, y
0.5 e
0.25 ——— @
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o

-

°
0
dilute parton

system, deuteron dense gluon
field , Au

ldea:

Presence of dense gluon field ir
the Au nucleus leads to multiple
scattering and parton can
distribute its energy to many
scattering centers = “Mono-jet

signature”. D. Kharzeev, E. Levin,
L. McLerran, Nucl.Phys.A748:627-
640,2005

Y =In1/x

A

Saturation
4 u‘_‘

Dilute system
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Measuring Gluon Densities
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