Components of the upgrade

o Nosecone Calorimeter
o Muon trigger upgrade

Motivation
Simulations and R&D
Collaboration
Funding

Plans for 2004
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EC/DC (May 5t , 2004)
http://www.phenix.bnl.gov/I WWW/p/draft/matthias/Forward-LOl.pdf

NSAC Subcommittee (June 39, 2004)
http://www.npl.uiuc.edu/publish/nsac-sub-s-june-2004/phenix-forward-upgrade.prdf

Informal LOI for prospective new collaborators (June 16t , 2004)
http://www.phenix.bnl.gov/ WWW/p/draft/jhill/muonupgrade/LOl/informloi.pdf

Web-page on forward upgrades
http://www.phenix.bnl.gov/ WWW(/trigger/muonupgrade
- minutes and presentations from weekly meetings
—> simulation studies
- LOI, proposal

( ¢ ' Matthias Grosse Perdekamp, RBRC and UIUC PHENIX Muon Meetig, Santa Fe, June 23



Brookhaven National Laboratory:
Edward Kistenev, Peter Kroon, Mike Tannenbaum, Craig Woody
University of Colorado
Frank Ellinghaus, Ed Kinney, Jamie Nagle, Joseph Seele, Matt Wysocki
University of California at Riverside
Ken Barish, Stefan Bathe, Tim Hester, Xinhua Li, Astrid Morreale, Richard Seto, Alexander Solin
University of Illinois at Urbana Champaign
Mickey Chiu, Matthias Grosse Perdekamp, Hiro Hiejima, Alexander Linden-Levy, Cody McCain,
Jen-Chieh Peng, Joshua Rubin, Ralf Seidel
lowa State University
John Lajoie, John Hill, Gary Sleege
Kyoto University
Kazuya Aoki, Ken-ichi Imai, Naohito Saito, Kohei Shoji
Moscow State University*
Mikhail Merkin, Alexander Voronin
Nevis Laboratory
Cheng Yi Chi
University of New Mexico
Doug Fields
RIKEN
Atsushi Taketani
RBRC
Gerry Bunce, Wei Xie
University of Tennesee
Vasily Dzhordzhadze, Ken Read
INFN Trieste*

Andrea Vacchi, Mirko Boboesio, Gianluigi Sampa

*new collaborators, see later
comments on additional groups
who have not yet joined formally!
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*Upgraded muon trigger

- Add momentum information into muon
trigger for highest luminosities in p-p, d-A
and A-A

- Gives robustness against beam and
collision related backgrounds.

- Support muon tracking

- eg. RPC in gap 5 and upgrade station |
front end electronics to provide output
to LL1

*Nose cone calorimeter (NCC)
09<|n|<3.0
- Tungsten-Silicon sampling calorimeters

- Electromagnetic and shallow hadronic
compartment

- Expands PHENIX's kinematical coverage
for jets, inclusive neutral pions, electrons,
and photons to forward rapidity

- For p-p, d-A and A-A collisions.
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similar in the south arm!
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pp

Quark polarizations

dA

A-dependence of
nucleon structure

. Motivation: Physics Overview

AA

Jet-photon physics with
large acceptance

Flavor separation of quark and anti-
quark polarizations in W-production:

AU AT Ad Ad

u o d’d

.
AVLV’WOC

AG to small x:
measure _[ AG(X)dX!

Measure gluon polarization of a wide
x-range = determine gluon spin con-
tribution to the proton spin:

AG

y,Jet
ALL o

Measure the A-dependence of the
gluon distribution at small x:

GA(X)

o Survey the dependence of nucleon
structure on the nuclear environment.

o Search for gluon saturation and
a new state of matter, the color
glass condensate at small x.

o Survey initial state for HI high pT
physics.

o low x workshop at UIUC
http://www.npl.uiuc.edu/phenix

Extend acceptance for high p; physics
with jets and photons to 0.9 <n| < 3.0

X. and Y-Spectroscopy

Study color screening effects associated
with QGP production in quarkonia with
different binding energies.

©
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http://www.npl.uiuc.edu/phenix/

Example: Measuring the Quark Spin Contribution to the Proton Spin
SLAC (E80 and E130) vs CERN (EMC)

1

xg

A.(x) Jg..(x)dX=[A () *F(x)/[2x(1+R(x))]dx

1.0 1 T L L U [~ T T
0.1<xg; oc<0. proton 8 Ellis-Jaffesumrule -, ) oo
081 a This experiment > % spin crisis: os |- x /g (xidx 1
o SLAC (26 )
06 - o SLA[ IZ?] % ‘L o - 0.08
: « e _ _ L
r = "%*H‘,H 1006
A . "E‘f, 0.09 ‘{>\

4 0.04
0.2 _/ + . 0.06
+ + + 0.03 0.02

et —— ¢ — — — 0

0.01 0.02 005 01 ul_z 05 07 107 10" . 1
X x-Bjorken x  X-Bjorken

Proton Spin = 1/2h =|Quark Spin |+ Gluon Spin + Orbital Angular Momentum

=0.1 > EMC, Phys.Lett.B206:364,1988: 1200 citations!
6 E130, Phys.Rev.Lett.51:1135,1983: 382 citations.
®

PHENIX Muon Meetig, Santa Fe, June 23




» Detection of both hadron jet and final state photon is possible with the NCC
and new central arm tracking detectors.
— Allows the determination of xg of the gluon on an event-by-event basis (used in
conjunction with silicon vertex)

]

> Significantly extends the range of x4 (x) GS95
for the prompt-y measurement down
to ~0.001 at Vs =200 GeV

— Channel with highest analyzing power for

- XAG(x,4 GeV?), NL,O -

0.8 L ((’];‘; — prompt photon _

central arms

R . 0.4
gluon polarization in polarized p+p.
— Sensitivity to shape of polarized gluon 0.2
distribution over a large x range 0
(important input to extrapolation of AG to 0.2 T IR T
low X) 0.001 0.01 0.1 1

3 X

» AG with NCC at low-x through jet-y, n°, e-u, open charm.
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Single Spin Asymmetry in the naive Quark Parton Model

Parity violation of the weak

2
W AU(X1 , MW ) interaction in combination with
— RN X, > X, control over the proton spin
U(X1 ’ M W ) orientation gives access to the

flavor spin structure in the proton!

Inclusive P Production, 500 GeV/c

= E W dominates for i Experimental Requirements:
» 10?LE B W bhoson
=, ?AL', pT > 20 GeV ) YZ boson 3
:@ 10°® 5‘? Bottom = . .
= Lt S = = tracking at high p,
s ; =>event selection for muons
10 : difficult due to hadron decays
w'E o T and beam backgrounds.
102 ;— EP“J“ tpm@d:tﬁ%}é
o [ R e /Z
X E T/l j\:\jj..‘ﬁh..|....|....| é

pl(Gevic)

I
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> Access to quark polarizations through Af( p”)
i

measurements of inclusive longitudinal 4 g 1.2<y,< 24

— GS-A
----- GS-B
“t GRSV-2000 valence

single spin asymmetry?

— Yes! Complete theoretical treatment 0.6
from first principles by Nadolsky and
Yuan at NLO pQCD (Nucl. Phys.8 0.4
666(2003) 31).

W —1v,)X
» Machine and detector requirements: %Lp P ) e
\V's = 500 GeV, L = 800 pb
— [Ldt~800pb-1, P=0.7 at Vs=500 GeV T T S B

20 40 60
pr[GeV]

Illl!llillllllllllllllll

-
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Constraints:

» 40 cm from collision point => Silicon pixels

» 20 cm of space is available => Tungsten smallest Moliere radius
» Photon / 70 separation => Silicon strip layers

Requirements: ||~ 14 cm of W absorber

» Good photon measurements +

» Reasonable jet measurements 6cm Sireadout

» Triggering capability Calorimeter: ~40 L, 4/ 1.6 L,
Lateral seg. 1.5x 1.5 cm?
EM section: 114 L 4

y/n0 identifier: atadepth4.3L, 4
(two layers of ~2x60
mm? silicon strips)

Challenging technical requirements, but devices with similar
specifications have been built for balloon based experiments (new
Moscow State group in PHENIX brings experience, INFN-Trieste
and Prague are also contributing to the R&D).

N ~ -
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https://www.phenix.bnl.gov/WWW/p/draft/jhill/muonupgrade/LOI/LOI-NoseConeCalorimeter.doc
Edward Kistenev, Mikhail Merkin, Vasily Dzhordzhadze, Richard Seto
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- 10GeVelectoninNCC

<€ 20cm =>
hadronic
1‘ EM
40cm --\-._\
/Incoming
| electron ==
- (10GeV) |
N ylmO
o identifier
~front view " i Miew

» First 10cm: 22 layers of Tungsten (2.5 mm), Si(0.3 mm), G10(0.8 mm),

Kapton (0.2 mm) and Air(1.2 mm).
— After first 6 layers there is a 0.5mm thick double layer of

Si,G10,Kapton,Air (this is the y/=® identifier).
» Second half has a 6 layers with same sequence of materials, only
thickness of Tungsten is now16.6 mm.

©
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Starts at Z-coo:rdinate 40 cm | Depth~20cm

Radial coverage 50 cm

Absorber W[ (16x2.5mm+6x 16 mm)

Readout Si pads | Single readout layer is 2.5 mm
thick

Sampling cells 22 | EMC(16 x 0.5cm) + HAD(6 x
1.85 cm)

Longitudinal segments in readout 3 | Summation over 6 — 10 — 6
sampling cells

EM compartment (Rad length) 9

Total depth (Rad length) ~40

Total depth (Abs length) >1.5

Multiple scattering (MeV) in NCC combined 133 | Compared to 106 MeV in the

with Fe magnet pole existing configuration with Cu
NoseCone

Expected EM energy resolution 20%

Tower size (cm) 1.5x 1.5 | Nonprojective

Shower max detector In gap 6 | Two orthogonal layers of silicon
strips

Shower max granularity (mm?) 2x60

Two showers resolved at 0.3 cm
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Observable Featured parameter Goal
Photons EM resolution ~20%
2-g resolution ~3 mm to be comparable to
central calorimeters
Hadron rejection better then 100
Electrons Upstream tracking impact position known to
better then 1 mm
Muons Upstream tracking and /or few points on muon trajectory
tracking inside NCC measured with sub mm
resolution
Jets Depth ~2 Labs
Acceptance 09<y<35
Multiple shower separation few cm
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Inclusive L Production, 500 GeV/c

=
O
W A
O

1010

Current muon trigger:
— ~2.3GeV “deep” muon
— Factor of 20-50 rejection and robustness to
background required for p+p at highest luminosities

9

10 W boson

W e

Y'Z hoson
10 ®
Bottom

Charm

Events/(1 GeV/c)

Two new tracking chambers add

momentum information to trigger.

— RPC'’s are the solution for downstream tracker

— Even modest timing information help remove
beam related background.

— Upstream: upgrade muTR front end with output to LL1

HLLlIJ \IHIIHl Illlm \IHIIIIl \Illm \IIIIIII‘ \IIII.I.lLLLLUJ.lILE

4‘

5??:6?59:@3%3%@
charm™|u Z
L \:\jj..‘ﬁ..|....|....|...§

5 10 15 20 25 30 35 40 45

Vi

= :_|_|'|T|'|T|'| IHIIIHl IIH|T|T| \IHIIHl |||rr|q \IHIIIIl \IIIITH" \IIIIIII‘ _.‘

pl(GeVi/c)
Detailed simulations with lookup-table
algorithms give specifications: RPC R&D at UIUC and
- Upstream tracker granularity 10x10cm? into look-up RBRC prototype for run 5
table '
- Downstream tracker granularity 30x30cm? into
look-up table

- ¢ resolution = 1°
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At Vs=500GeV, L=2x1032cm2s!:

no symset boundary cut
Collision related: - ym Y
o decay-muon and hadron punch “We1 Xie 4 MulDELL Deep
1400 & MulDLL1 Deep South
thru background rate > 30kHz - & MulDLLI Deep North
- Reject with momentum cut 1200 — + ¢ © BLUE Deep i
« . s L 7y BLUE Deep 3outh
o “remanent induced showers S 000 F- } O BLUE Desp North
- shielding, pointing, radial cuts ? - |
2 200 >
g 800 [ ; % ) } |
Beam related backgrounds: 500 - %
o hadron punch thru B %
0 neutrons 400 — i & : b1 i
o decay muons with 200 _F “ay 4 i 5 ST
i i - Bye 8 1oy ¢ 0 °% g
incoming beam - | J e ® E |
or Outgoing beam 86000 87000 88000 89000 90000 91000 92000
| run number

rejected with timing cut

in time but have to punch through all of PHENIX
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N

Scintillator Pair

Time

Timing should show 3 background components:

* Incoming beam background

* Outgoing beam background (attenuated by PHENIX absorber)

» Neutron background: out of time.

©
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Muon trigger
— Upstream tracker (pad chamber)
— Downstream tracker | (pad chamber)

— Downstream tracker Il with timig
resolution (RPC’s)

Muon from
M
Silicon endcap

Muon from W

"/

U-Tracker

Utilize and upgrade (LL1 output) existing pad-
chamber front end electronics (90k channels) D-1-Tracker D-11-Tracker
pad-size upstream: 1cm?
downstream: 10 cm?
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Nosecone Calorimeter

Kelly Corriea: Topology based trigger

Richard Seto: Yields for d-A physics

Vasily Dzhordzhadze: Impact on muon physics (ongoing)
Mirko Boboesio, Edward Kistenev: Feasibility of different
hardware solutions (ongoing)

Background

Vasily Dzhordzhadze: Mars based beam background simulations (ongoing)
Cherenkov

Jennifer Hom: Rejection against Collision related background
Tracking

Hal Haggard: scintillator hodoscope solutions
Greg Ver Steeg: hodoscope solution*mulD
Wei Xie: Various tracking solution matching mulD roads, studies from data
Kazuya Aoki: Tracking solutions using the muon tracker
Alex Linden Levy, Hershil Parikh, Wei Xie: RLT performance
and backgrounds
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Evaluation of mulD LL1
Wei Xie, Ken Barish: using run 03 data (UCR)

Background
Hiroki Sato: run 02  (Kyoto)
Ken Read, Vasily Dzhordzahdze, Vince Cianciolo: run 03, run04 (UT, ORNL)
Wei Xie, Hiro Hiejima, MGP (RBRC, UIUC)
Cherenkov
Kazuya Aoki, Naohito Saito, Atsushi Taketani: run 03 (Kyoto, RIKEN)
Nosecone
Mikhail Merkin, Edward Kistenev, Richard Seto, Gianluigi Sampa
(MSU, BNL, UCR, INFN Trieste)
MuTr
Kazuya Aoki, Hiroki Sato, Naohito Saito, Doug Fields (Kyoto, UNM)
RLT/RPC Hiro Hiejima, Alex Linden Levy, Cody McCain, Jen-Chieh Peng,

Joshua Rubin, Wei Xie, Matthias Grosse Perdekamp (UIUC, RBRC)
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Il Example I Beam Background simulations

Blue beam

Vasily Dzhordzhadze

»
»

iron 4’ thick, 10.5" tall

A

Plan View
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Typical Background
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h1

60000

50000

40000

30000

20000

10000

10K 100 GeV protons
incident on QO3
Integrated overall
Energies
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@I 100K Incident Protons scrapping Magnet

larroci Tube Signals

3
o 10
- -
- . GAP 5
10° R
C o
10 = ~
[ MARS Study shows that Shielding will
1 reduce background only by factor of 3-4
— |
10"
% | IIIIIII| | IIIIIII| | IIIIIII| | IIIIIII| | IIIIIII| | IIIIIII| | IIIIII-
10° 10° 10” 1 10 10” 10° 10°

Momentum MeV/c
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| pcitt:pc2tt {weight>3&&pcitt!=16} |
= 9999 ... Then we check look-up among
25f ogggggégm MuTr#1/pc2/symset. Single muons
- 08885° with p=4-10GeV/c are passed
20— joxelele] .
: 0088° through PISA. Only multiple-
N3 _9888° scattering and energy loss are turned
- Qoodd . g .
wE _g8888° on. Shown is only tile size:
- 000000
[ 0988887 MuTr#1/10cm, PC2/30cm.
O O
0 = 5| 1|0 'l|5 2|0 I IZIEI 3I0 35
| pcitt:symset {weight>38&pc1tt=16} | | pc2tt:symset {weight>3&&pc1tt!=16} |
30— s 355 .
j = = 0 -
25 i C e
- e 250 o
20 F_.ZZT 205— ;5
15 e 15F = =
i = N
L F S
F S T
5l mm  m mmm coo- =
- I A N D T L N I T R T R TRy
0 20 40 60 80 100 120 140
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Example II: Muon trigger rejections

(1). MuTr#1. PC2 Res(R)=10cm, Res(phi)=1°. Mutr#l tile size 25cm/PC2 tile size 60cm

o(9) <1 <2 <3 <4 <5 <6 <7 <8 <9 <10

degree

eff 67% 72% 73% 73% 73% 73% 73% 73% 74% 74%

rej 24286 | 15455 | 10000 | 7391 6071 5484 | 4250 |3864 |3091 1518
(2). MuTr#1. PC2 Res(R)=20cm, Res(phi)=1°. Mutr#1 tile size 25cm/PC2 tile size 60cm

o(¢) | <1 <2 <3 <4 <5 <6 <7 <8 <9 <inf
degree

eff |38% 63% 63% 64% 64% 64% |64% |64% |[64% |64%
rej 24286 [ 17000 | 11333 | 8500 | 6800 |6296 |5152 4857 |3778 1735

* PISA hits 1s smeared in R/¢. Need to re-do using real detector configuration.

» efficiency for MuTr/PC2/symset LUT is only 76%. Need to understand.

» efficiency for angle cut <1 degree is less since the PC2 angular resolution is 1 degree.

« Efficiency for LUT start to drop after PC2 resolution > 10cm.

©
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o The relative luminosity analysis requires two luminosity
monitors which can be scaled to high rates.

o ZDC is fine but BBC and NTC have large acceptance and will saturate
At L=2x1032cm-2s-1 we expect on average 1.2 interactions/bunch-crossing!

—->RLT : New 3-station telescope located vertically above the
interaction region.

o longitudinal segmentation with ability to
a) reject (to a certain degree) non-vertex related background
b) monitor luminosity for different vertex cuts.

o azimuthal segmentation to select different momenta and to
scale acceptance with luminosity.
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MA-PMT

v

Technology:
RPC vs Scinitillators?

LLA1

LUT corresponding to
different vertex cuts
and p; bins.

nosecone l

STAR-Scalers
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Analysis ongoing, RPC tests at UIUC
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http://www.phenix.bnl.gov/WWW/trigger/muonupgrade/RLT/04_06/0001.JPG
http://www.phenix.bnl.gov/WWW/trigger/muonupgrade/RLT/04_06/0004.JPG
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BNL Edward Kistenev, Peter Kroon, Mike Tannenbaum, Craig Woody

Colorado Frank Ellinghaus, Ed Kinney, Jamie Nagle, Joseph Seele, Matt Wysocki

lllinois Mickey Chiu, Matthias Grosse Perdekamp, Hiro Hiejima, Alexander Linden-Levy,
Cody McCain, Jen-Chieh Peng, Joshua Rubin, Ralf Seidel

lowa State John Hill, John Lajoie, Gary Sleege

Kyoto Kazuya Aoki, Ken-ichi Imai, Naohito Saito, Kohei Shoji

Moscow State* Mikhail Merkin, Alexander Voronin

Nevis Cheng Yi Chi

New Mexico Doug Fields

RBRC Gerry Bunce, Wei Xie

RIKEN Atsushi Taketani

UC Riverside Ken Barish, Stefan Bathe, Tim Hester, Xinhua Li, Astrid Morreale,
Richard Seto, Alexander Solin

Tennessee Ken Read, Vasily Dzhordzahdze

INFN Trieste* Andrea Vacchi, Mirko Boboesio, Gianluigi Sampa *New groups!

Contacts with additional groups:
University of Prag Vaclav Vrba

=> Effort to recruit groups from ending DIS experiments at DESY and possibly at CERN
INFN Frascati Pasquale DeNizza, Enzo De Sanctis

=>» Principal difficulty is the ongoing assembly of an intermediate energy effort for GSI...
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L= 6x1030cm—2s"
P=0.45 0.5

8x103Tcm—2s-1

2004 2005 2006 2007 2008
pp 5+1 5+10 5+11 0 5+9 = 156pb-"

NCC + Muon

2009 ....

ger!

Inclusive hadrons + Jets >

Transverse Physics -

Charm Physics >

Ay, (hadrons, Jets) F direct photons >

IRl Bottom physics >

e Erond” I, p—=» 8., [ Sen W-physics =——
: 1 Bl T s
am B GREV.ad - ) 08 ) suciomsnignp, ] E

I R o Py I S S
30 0.6 : )
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Calendar Years 2004 2005 2006 2007 2008 2009

Ol to PHENIX O Run 6 Run 7 Run 8 Run 9 Run 10
RPC prototype ' —
18t n—trig arm "
2"d u—trig arm o e

Nosecone prototype | ~

v/n0 identifier prototype | —

Nosecone full prototype : —
Nosecone 1 | =t
Nosecone 2 | >

500GeV 500GeV
From PHENIX Decedal plan: o+p test Au+Au 0+D p+A

Initial cost estimates: muon trigger ($2M), NoseCone ($4M/arm)
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R&D funding for 2004/2005 (existing grants, startup):

UC Riverside -> Engineering, NCC R&D
lllinois/NSF -> RLT, RPC R&D, NCC R&D?
RBRC -> RLT
Kyoto -> R&D on muTr front end
~ $450k
NSF MRI

-> Submission January 2005 through a “consortium”
Colorado, lllinois, lowa State, New Mexico, Riverside

-> Important administrative details in optimizing chances
for approval: well defined and independent physics case,
lead institution, educational component

Foreign Support (engineering, capital) ?

-> INFN Trieste,
INFN Frascati (possibly joined by additional groups from HERMES)

RHIC II
-> time scale is a real problem for RHIC spin
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Muon Trigger R&D
o RLT background tests = analysis ongoing
o RLT as test bench for RPCs and front end electronics
—> test stand at UIUC
o muTr FEE tests at Kyoto

—~>how fast can we get a signal in to a LL1
o RPC FEEs ??

NCC
o Develop prototype sensor, cable, front end
o Test prototype as input to NSF proposal
o Full calorimeter prototype in 2005

—> LOI at April core week (editor John Hill)
—> Presentation at the NSAC meeting

- Review through RHIC upgrades TAC

—> NSF proposal
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Strong Physics case!
Initial proposal has been formulated in a letter of intent to PHENIX

o R&D on possible technology solutions is ongoing

o close integration with other PHENIX upgrade
efforts is required (-> in particular forward silicon).

o observe all boundary conditions (eg. possible need
to improve muon tracking)

Good progress in building an active group collaborating on the
NCC and Muon trigger upgrades

Funding
o NSF MRI grant cannot cover full NCC + muon trigger
o effort to recruit new interest
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|) Pioneer the exploration of the physics of high parton densities
in nuclear matter. Prior to the arrival of e-A collisions at HERA
or e-RHIC.

II) Measurements of AG and Aq over a broad range of kinematics
in order to understand the QCD dynamics leading to the for-
mation and the properties of the proton, the fundamental and
stable ground state of QCD in nature.

lIl) Expand the physics with quarkonia to new states
and high luminosities.

IV) Expand high p; physics with jets and photons to large
acceptance.
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