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e 3.83 km circumference
o Two independent rings

0 120 bunches/ring

0 106 ns bunch crossing time
o Collides Any+Any

So far:

0 AuAu, pp, dAu, CuCu, UU, CuAu

o Top Center-of-Mass Energy:

2> 500 GeV for p-p
2> 200 GeV/nucleon for Au-Au

Pl+ ENIX

—
PH ENIX
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First Operation: 2000

Upgrades EVERY YEAR
Second Generation: 2017?




Central Arms .~

STATE UNIVERSITY OF NEW YORK Ce renkov
Most hadrons do = T ! S = photons from e*
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« Central Arms Optimized for electrons & photons
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STONY DC Construction —

BRANSK S
STATE UNIVERSITY OF NEW YORK

IR s
Designed and fabricated at \\\:ﬁ.nihiq{fg’!
PNPI (Gatchina, Russia). ‘t't}”ij“i]!igq:{llll‘/

= 111

'r’i’t'nnn'um}:.'

/**:a:.wmw*;\\
i

First Drift Cpambel‘\with Pac\Chamber

Components assembled at
Stony Brook clean tent.
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ey Flectrode Configuration, iy,

The PHENIX DC's utilize a focussing/protected field shape:

Anode (sense) wires are shielded from one side by a back (guard) wire.
(This configuration eliminates left-right ambiguity for most tracks.)
The drift space is controlled actively by gate (channel) wires.

(This minimizes charge collection time and improves two-track resolution.)

Potential (Field) wires control the gain of each cell.
Gain = ~1.4 x 104 Sample Length = ~2.7 mm
2-pulse separation = 1.5 mm Efficiency = ~99% per wire
Stony Brook Univensity ! Vhsmas X Hemmick



sToNy Onboard Digitization —~—
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All digitization onboard detector.
«ASD8 amp/discriminator.

2 fC w/o chamber, 5 fc with chamber.

*TMC time digitizer
Multi-hit, 0.8 nsec least count,
6.4 usec latency.

*Glink Optical Fibers

0.75 Gbps, carries triggers into FEM, carries data out of
FEM.

*ARCNet twisted pair

Slow controls, 2 Mbps, 100 Q, user-defined protocol
allows for compact messages.
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sony PAd Chamber Pixels ——
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PAD CHAMBER READOUT CARD

t e Ct( Connector card, solders  Readout card, for 48 channels. 3 amplifier/discriminator chips (TGL98)
on chamber. and one Digital Memory chip(DMU). Mounted on 0.1mm fiberglass enforced
1 3 RS485 diff-CMOS Kapton. Total weight of whole assembly is 4 grams. Size 55*65mm”
TEC ’ translator chips

: The highlighted ared shows the first complete cell, with index cell=1, wire = 1.

o “PIXEL-PAD”: one avalanche on 3 pixels.
o Noisel/efficiency (minimum = 2 hits).

o Improves resolution by 3X.

e Read-Out-Card threshold typically 2 fC.

o Bare Si chips wire-bonded to kapton
substrates and “capped” w/ epoxy.
9 Dhomas X Hemmick
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BRANSK

stony | Optics of the RICH

tector
PC3

y & > 5 » J

- Two spherical mirrors reflect light onto arrys of PMT’s.
» Magnet poles shield the PMTs from collision products.
 Offset focal plane has ellipse rather than circular images.

Stony Brook Univensity 10 Tbomao K Hemmick




STONY RICH Focal Place

BRQWSK PH~ “ENIX
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« 2560 PMTs, 107 gain.

« Ethane CO, radiator.

« 104 charge pion rejection.

* 1 degree ring res.

« N,= 118.

« 12-18 p.e./ring

» C-fiber/Rohacell mirror 0.3% X,

Ttomas X Hemmick
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CHARGED TRACK

leads to excellent dE/dx meas.
e Single pointres ~250 um, 2-track separation ~5 mm
12

o With Xe in gas and foam becomes TRD.

CRIFET

TEC Configuration

FADC (non-linear allows TRD upgrade).

o Wire signal sampled at 40 MHz using 5-bit non-linear

o Drift direction primarily along track.

o Maximum samples

Stony Brook University




TNy PHENIX TOF —~—

BRANSK H ENIX

tector RRNESARERERERENS

ll"'ll .llllll{
1 \ | Prism turns light 180°

I “ ll "l Hides PMT in slat area

‘PHENIX TOF houses ~1000 scintillator slats.
*PMT pairs @ bar ends w/ prism readout.
100 psec TOF resolution and at 5 meters.

Stony Brook Univensity 13 Dhomas X Hemmick



Pb-Scint Calorimeter — —

STONY
BRANSK
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tector 4
PC3 /4

e EMC modules use the
“Shish-Kebab” geometry.

o OEIE~ 7%lIsqrt(E)
e Timing (< 200 psec).

Stony Brook University



stony PHENIXHBD: Thelssue ——

B[ invariant Mass Unlike Sign +- | PH ENIX
STAT " _
w F
Z 10' _
o All Pairs
§ . >100x Combinatorial Pairs
<105 Signal Pairs
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m,, [GeV/c’] o
- Major problem: Huge combinatorial background mostly due to: %

« y-conversions & 10 Dalitz decays.
*Small opening angle

* Need a new detector to identify the above by supplying:
* elD @ zero opening angle
» Distinguish isolated electrons from Overlapping
*Unfocussed Cherenkov Detector!

Stony Brook University
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PHENIX HBD: Geomet ~—
STONY 0 | Y paTENIX

HBD Gas Volume: Filled with .
CF, Radiator (ng,=1.000620, "
Lrap=50 cm) ==\ Windowless Cherenkov Detector

Radiator gas = Avalanche Gas

Cherenkov light
forms “blobs” on

an image plane y SOM

Pcb pad readout
(~ 2x2 cm?)

Electrons radiate,
but hadrons with
P < 4 GeV/c do not

Csl photocathode
covering GEMs

Triple GEM detectors

(12 panels per side) pjjepton AL Space allocated

- for services
Beam Pipe

Stony Brook University 16 Tbomao K Hemmick



STONY A PhotoSensitive MPGD . el

BRANSK

STATRNER S Be®o® © © © © © © 0 0 0000000000000

» Start with a GEM

 Put a photocathode (Csl) on top

HV
* photoelectron from Cherenkov light
S avalanches in the high density E-field
o === . Use more GEMs for larger signal
* Pick up the signal on pads
S ====__ «\What about ionizing particles
_ - (hadrons)?
* We need a mesh with a reverse
— - Vvoltage on it to blow electrons
away!!!
* We have a detector sensitive to UV
and ~blind to ionizing particles!

17 Dhomas K Hemmick



The Evaporator

D O PH ENIX
BRA"SK on loan from INFN Roma . (ylprgrd
STATE UNNERSITY OF NEW YORK Magnetically coupled driver
. " , f ing the GEMs insid
Evaporation Chamber Quantum Efficiency Station tﬁ;@;’gﬂjﬁm_ © > e

Stony Brook Univensity 18 Vhomas X Femmich



‘ FEM receiver + ADC
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STONY

HBD Works!

T
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Pulse height
Charge of the matched clusters Entries 4860
Mean 26.37
E i L T L l L I L) I L L L I I L) RMS 14-52
;—: Dalits open pairs || Underflow 0
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PH ENIX

Pulse height
Charge of the matched clusters Entries 34616
Mean 40.43
E Ll Ll T I L) T T l T T T | Ll RMS 15.41
;—: Dalits close pairs Underflow 0
Overflow 380
m < 0.15 GeV/c? Integral 3.424e+04
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e PHENIXHBD holds world record for N,~322.

Stony Brook University
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stony. PHENIX VTX Upgrade

BRQ\\\\\K Pl‘|~ “ENIX

STATF

St =y, | Inner two layers:

A\ Pixel detector
50um x 425um pixel pitch
L1: R=2.5cm Az=+10cm
L2: R=5.0cm Az=+10cm

Outer two layers:

RSSE! Strip-pixel (Stripixel) detector
80um x 1000um pixel pitch

L3: R=10.4-12.8cm Az=+16cm . N
L4: R=15.4-17.6CM AZ=19CM | tayers R IRECSH

Acceptance: [n|<1.2, ¢~2n (145°/each arm)
Standalone tracking capability

Installation rs=setredeted=te-ess=in Fall 2010

Stony Brook University 21




stony  Otrip-pixel X-U readout ——

BREWK PHENIX
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Pixel array: 80 X 1000 um’ pitch Strlplxel sensor
(R. Nouicer et al. JINST
4:P04011,2009)

1 side, 2 direction read-out
—+ b-pixel

a-pixel+—

Diffused charge cloud
FNAL test beam result
500F
400 a) b)
350 400
o
. Usl;bs(eounct b-piub)g :Z: g zomi—
Size : 3.5 x 6.4 cm?, thlckness 625um 100 o
80 um x 1000 um pixel size 50 E i
768 X + 768 U strips = 1536 channels 806600 400 200~ 0~ 200 400 600 800 800600 400 200 0 200 400 600 800
S Residual Distribution (um) Residual Distribution (um)

Stony Brook University 22 Tbomao K Hemmick



The FUTURE: #1 -- sPHENIX_ —

N
SLONY PH ENIX

New Mantra: COMPACT!

HCAL OUTER
HCAL INNER
EMCAL
SOLENOID

PRESHOWER

ADDITIONAL
TRACKING

VTX

e Silicon Tracking.

e Tungsten EMC

e Hadronic Cal !!
Thomas X Hemmick



| EM Calorimeter S——
g}%ﬁ@% PH ENIX

.Optical accordion
* Tungsten absorber

 Scintillating fiber




“ENIX

PH

Hadronic calorimeter ——

STONY
RDA\RI

fx:100.043

fx:43.793—

x + 1 M = -n
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m Rm
88 mm
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STONY SiPM Readouts e

RREOWSK PH ENIX

3 70% Blag HAMAMATSU
S MPPC® (multi-pixel photon Counter)
— 2 $10362-33 series  S10931 series
/0 ‘ ‘ ‘
Logic ~ Q

New type of Si photon-counting device,
$10362-33 series

510931 series Active area: 3 X 3 mm
| l The MPPC is a new type of photon-counting device made up of multiple APD (avalanche photodiode) pixels operated In Geiger
e
| ] mode. The MPPC is an opto-semiconductor device with excellent photon-counting capability and which also possesses great ad-
Differential vantages such as low voltage operation and insensitivity to magnetic fields.
To ADC
SRs Amp . o—
| I - Features == Applications
e
| ] = Ex(elle_nl photon-counting capability (excellent detec- &1 Fluorescence measurement
0 5V = tion efficiency versus num-ber of incident photons) £ Biological flow cytometry
DAC 3 Raom temperaturs operation 1 DNA BIO-chip sequencer
=) Low bias (below 100 V) operation 2 2
= Environmental analysis
— =1 High gain: 10% to 108

= = — & pET
B Liisenshtive to magnetic flalds =1 High-energy physics experiments

&1 Excellent time resolution
&1 Compact size
ol &1 simple readout circuit operation

-Design based on existing parts
* Gain stabilization on detector

* Economical in large quantities

e
PHSEENIX
SPHENIX EmCal SiPM Test
PHNX-089A APR/2012
BNL / PHENIX
S. BOOSE / S. POLIZZO

26




The Future #2: sPHENIX Forward

Optimized for jets and photons/DY over a large range in rapidity (n~4)

« Extension/modification of the central solenoid for B field
« GEM based tracking
* Diamond pixel for heavy flavor tagging i Zie
« Restack of current PHENIX EMCal v =
't « RICH based PID (pi/K/p) /
=

* HCal for jet energy reco chparicie

« Muon identification /

RPC3




«ronyt N FUture: #3 —-ePHENIX

BRE'SK PH ENIX
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120 (old idea)

R [cm]
90 (new)

70
60

Outer
tracker

Additional
tracking

as needed

- ?,‘.',_ ‘7‘;:‘
fe J
1 4 g

i

:(“- ".i.ﬂ .

28 Vhomas X Femmick



The Future #4: EIC

» Following the Heavy lon Program, the next physics
frontier will be the Electron-lon Collider

» Initial, low energy, EIC running can be handled by

PHENIX upgrades.
» The full energy program requires a new detector.

\ Thomas K Hemmick 29



stony VPC with HBD outer readout.——
BRQ\®K PH ENIX

Csl Readout Plane

\ Y d Use CF, mixture to provide
TPCReadout gl . fastdrift TPC.

Plane ,\< ‘.“
A Y 1 Design field cage to allow
\

\‘ cherenkov light through
O Cherenkov “stripe” detected.

“ Drift regions

Readout Pads

o Natural follow-on to prior research of BNL, Yale, SBU.
o Provides broad spectrum PID.
o Never done before...requires 2-year development.

30 BNL, Yale, Stony Brook
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nnnnnnnn
- 3.5 :”1‘ 48 ¢ ":Ol.lpldl
. . o PWprn i to zigzag strips (24+24) 1
Soldering protection resis(of 5
on the GEM foil | i L‘
- : W25 H J LS L
Readout Bo ard ¢ - :;r\:r«; 2.5— x ; | | UUEYT L q_,"‘ Lﬁ 1l; Ll
for std, CERN (using 38% of ch.) _channels not connected v :
o it GO0 T S i i TR TR P Ui Y VO LS50 T VA T [ 1Y Pt

§?~;

o ' 20 40 60 80 100 120
nne!

o Large Planar GEM Trackers:
0 sPHENIX
0 Super BigBite & SoLID @ J-Lab
o CMS

. , 0 elC
{Y teadoutboard glued on
(€ Hongyeomb SuBILSN. | e Need to realize full-sized

implementation of sector.
o Fits current UVa and FIT R&D.

o Goalis to develop and test full
sector over next two years.

31 Florida Tech, U of Va




STONY Cherenkov Detector ——

P DaA\RLS
100
ST
i /
L 80
) 8 \_/
g Acton Research
. 8 e #1200 Broadband | |
[ ] . E VUV/UV Coating
1 - Typical %R Curve
c
o
I I £ <
L * -8
U I
% 20
2 1 1
30, ® L
1,.. | 100 150 200 250 300 350 400
700

Wavelength in Nanomet

Mirror

“ Fu‘rure Evaporai'or | . '
o Extend HBD Technology to focused design.
o Hadron ID up to 80 GeV/c required.

e MIRROR R&D for Deep UV.

32 Stony Brook University




tony 1 €St Beam Readouts: SRS——
BR‘\\\.\‘TI PH Ele

- RDS1 coll. is developing a common Scalable Readout System for MPGD’s

« from few 100 to ~105 channels
» full hardware chain tested by now

Hans Muller
Sorin Martoiu
(RD51, CERN)

e

APV25 or
VFAT or ==
BNL ATLAS

g o art
3x32® L2 on DAQ P
Hybrid here . = : o ® comm

o The SRS DAQ system has proved a boon to our efforts.

o Initial expertise from FIT has spread through UVa, BNL,

SBU and is rapidly becoming the common standard for all
our test beam efforts.

e APV25-based, but will branch out.
o Cherenkov Test @ J-Lab used ~2500 channels.

33
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Welcome!

Micro Pattern Gas Detector Technologies and Applications
The work of the RD51 Collaboration

Marco Villa (CERN), Andrew White (University of Texas at Arlington) on behalf of RD51 Collaboration

Current Trends in MPGD: Technologies

The Micro-Strip Gas Chamber, introduced by Oed in 1988 (NIMA 263, 351),
was

Current Trends MPGD: Performance

MPGDS can bs optimize in

techniques for the production of micrometrc structure of electiodes. This
family of gaseous detectors led to significant impravements in terms of rate
capalty s spatal rosolun i (s8pet 0 1o - Weo Proporsorel
Chamt

Afer 20 yoars, MPGD tachnologies ars wal ssabisned
as GEM

o NIMA 385 1097 501) ant hcromegas (Vs R e oo
Structure, Y. Glomataris, NIM A S8 (1996}, 29), other
exampes of current A&D o technologles are: Thick-GEM,
Micro Hole & Str Plates and othes hole-type detectors;
stfuctures wih resistive electrodes; integration of the MPGD
with GMOS pixel ASICs; production of the two in the same
process as in the case of Ingrd

order to '
performance in terms o h

+ Rate Capabily i
- High Gain

 Space Resolution

+ Time Rasolution

+ Enargy Resolution

+ Ageing Properties.

- lon Backfiow Reduction
 Photon Feecback Reduction | 2o = et

(e Tebgan

WGH1: Detector design optimization
- Thick GEM rim example

A Thick GEM is a copper-clad fberglass layer with a matrx of holes realized
means of mechanical diling and, in some
Tyeical dimension are sub-milimetrc.

cases, chemiical etching.

- IS e

The intraduction of arim on the
two copper layers is effecive for
the increase of the maximum
achievable gan.

On the other hand, due to the
larger dielectc surtace exposed
o

RD51 collaborati‘on

http://rdS§1-public.web.cern.ch/RDS1-Publicl

in the
avalanche, a lasger rim shows
also larger and longer charging-up.
sffects. increasing the time to
amive to a stable operaton

WGH1: Large area MPGD

Limitations in MPGD size can come from the production technique of the

pr
‘overcome these limitations and open the way to larger detectors, as in the
of bulk micromegas and single mask GEM (i

I i

T

"lqu?ome pf meutas

Current Trends in MPGD: Applications

COMPASS ol CEFSL b bow

tin f LHC
expariments LKCO and TOT‘EM]
Acualy in High Energy phy as

otner fek
g e Parile Trackngand Trggring

« Time Projecton Chamoer Readout

 Photon Datocors for Cheronkov magig Counters
«X-Ray Astronomy

«Neutran Detection and Low Background Experiments

« Cryogenic Detectors

« Medical Appiications

« Homeland Secunty and Prevention of Pianetary Disasters

(CERN, September 10-11,2007)
15t RD51 Collaboration Meeting (NIKHEF, April 16-19, 2008)
2% RDS1 Collaboration meeting (Parls, October 13-15, 2008)
June 12-15, 2009)
ath RD51 Collaboration Meeting (CERN , November 23-25, 2009)
5™ RDS1 Collaboration Meeting (Freiburg, May 24-27, 2010)

WGS5: Multi-channel Readout System

a
‘very farge LHG-ike system) is under way. A special effort is dedicated to
maka it compatible to the largest possibie set of current Front-End
Elecironics used in gaseous detectors

[ WG3: MPGDs applications

Gosmic muon tomography for
homeland secuity (o uiva - €6 ss 2009 i

X-ray diffractometry

parallax issue solved
ruty spherical

conversion gap —+

spherical

formig from planar

GEM

WG4: Simulation improvements

WG2: Radiation Hardness

Study of MPGDs
all appiications in harsh mmgm.mu poleliaritbereiin

introduced or are under way in Garfield, the main
softwase for gas detactor simulation, in order o take into account the smaller
scale of MPGD tachnologies:

& new aigorith for Microsoopic election racking and avalanche
« the Inoducton of Penning transfer mechanism

«the integration of Garfieid in common platforms such as ROOT and Geant4

WG4: Charging-up simulation

WG6: Common Production facilities

One of the main WG task is o promate the upgrad of the production
facil the futy lication

Detector Technology

GEM

RTHGEM, serial graphics
Micromegas, bulk

Micromegas, microbulk

MHSP (Micro-Hole and Strip Plate)

« the introduction of a Boundary Element Solver (NeBEM) for field calcutations

s i with .14 squislord” chirg sep

gt

G oo e < AD8 Coerston Mooty

fBspect to measurements can be expiained by the
charging-up of the dielectric. Studies are undar way

WG7: Common test beam facility

RDS1 has budt up a semi-permanent test setup on the SPS/H4 beam
line at CERN. Common infrastructures such s cables, gas pipes, gas.
mixing system, as well as common devices for rigger and & tracking
telescope.

dead times and wil avold cuplicatan of efiorts and resourses.

‘and for the large amount of
space of the experimental zone,
that allows many groups 1o take
data at the same time.

o StonyBrook has along
tradition in detector
development and
construction.

o Future goals are well
aligned with the RD51
research program.

e We are delighted to hos

the RD51 Collaboration!
Fhomas X Hemmick



STONY Backups... —

BRANSK PH ENIX
Stony Brook University 35 homas X F ;



STEONY

BRAWSK
STATE UNIVERSITY OF NEW YORK

—

Hadron Blindness:

PH ENIX

UV photons vs charged particles

Target E4 ~0.1 kV/cm —

Relative detection efficiency

1.5

0.5

2

HADRON BLINDNESS

Photoelectron efficiency, AV g, =460V
Photoelectron efficiency, AV, =480V

Charge collection,

AVGEI'M'I

=460 V

2000

1500

1000

—1500

ob

3
E, (kVicm)

Mean amplitude

- At slightly negative E,, photoelectron detection efficiency is
preserved whereas charge collection is largely suppressed.

» Charge collected from ~150u layer above top GEM

Stony Brook University

36

Thomaos X Femmick



The Evaporation Chamber
BROSK PHENIX

STATE UNIVERSITY OF NEW YORK

Harpoon_for moving mounting box

GEM mounting box

w/ wheels on track \

Molybdenum boats<'£—g
» Boats are in series so they must » ~24 hrs to pump down vessel
be brought up to temperature slowly S
(~10 min)
. I
« 250 — 450 nm layer of Csl at rate ittt
of ~2 nm/sec *Evaporate 4 GEMs simultaneously

Stony Brook Univensity 37 Vhomas X Hemmick



The Quantum Efficiency Station

STONY N
BRANSK PH ENIX

STATE UNIVERSITY OF NEW YORK

Harpoon for moving mounting box

GEM mounting box

w/ wheels on track \

< )

’.
L e “

GEM w/ Csl

1 -
Molybinum boats <§—E v e \e- ampmeter
4 R T o
2MM | S S
mesh 7

_ 0 D, lamp
(e collection) E\\I Y  (A=160,185,200

mirror/

reference PMT i

Stony Brook Univensity 38 Dhomas X Hemmick



) S
%’}gﬁgﬁ_w_ PHENIX

(“Class”: number of <0.5 uym particles/ms3)

“Class” of Clean Room
evaporator

glove box

IR '
A

-
_ el ‘ - 1

EM laminar flow hood
Stony Brook Univensicy OrAJE vessel 39 Entrae Fo%e;; .




srony FVTX for Muon Arms —

BR‘\\\\\‘K ||||||||||||| t mass distribtion ant mas d-:raEn| Ele
det-:a3.:-‘::i:e\;_\_‘—H_‘_‘_‘_‘_l_‘_|ﬂ
. decay + punch _ ! |
* 4 planes per end-cap * MLLHH '
® nvariant Mass (GeVI:iz e s oriantMass (CaNic)
* Covers ' i
- 1.2«< [nl<2.4
—2nind

— 18.5cm< |z] <38 cm

* Resolutuion:

— Hit<25um
— DCA <200 um




BRANSK PH ENIX

e Center for Accelerator Science and Education.

o Stony Brook has enjoyed a close connection
with Brookhaven National Laboratory in many
ways.

o Accelerator Science is a highlight of this
connection with BNL scientists holding adjunct
faculty positions at Stony Brook and mentoring
Ph.D. students in Accelerator Physics.

o CASE formalizes and expands this relationship
to foster its future growth.

Ttomas X Hemmick



STONY Goals of CASE S

BREVK PH ENIX

‘e Jointventure of BNL and SBU.

0 To train scientists and engineers with the aim of advancing the
field of accelerator science;

0 To develop a unique program of educational outreach that will
provide broad access to a research accelerator; and,
0 To attract Federal and industrial funding for an expandin

interdisciplinary research and education program that utilizes
accelerators.

e Resources.

0 BNL has a panoply of state of the art accelerators engaged in a
broad spectrum of sciences, with many outstanding scientists
already affiliated with and teaching at SBU; many of the SBU
faculty in various fields already use the existing accelerator
based facilities at BNL for their own research;

0 SBU has a recently retired research accelerator — the Tandem
Van de Graaff (TVdG) — whose control room has been renovated
to become a modern Physics Teaching Laboratory (PTL) that
serves graduate, undergraduate students as well as K-12
teachers and students.

o We expectto be able to develop programs and strong
ﬂroposals that could generate maFjor support from the
ational Science Foundation (NSF) and the Department of
Energy (DoE) to meet the above goals.
42
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stony Present Status of CASE —

BROSK UEERENIA
o CASE has applied to become a Type |
Institute within the University.

o We received the final approval of the
provost.

Stony Brook University 43 Tbomao K Hemmick
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Productlon

Carbon-14, or radiocarbon, is Froduced in the upperlayers of
the Earth’s atmosphere by collisions of nitrogen molecules with
the thermal neutrons created by cosmic rays.

. Unlike common carbon (carbon-12), 4C is unstable and slowly
decays.

o Like carbon-12, carbon-14 combines with oxygen in the
atmosphere to form CO, (carbon dioxide.)

Equullbruum

Carbon-14 decays slowly in a living organism but is continually
replenished as long as the organism takes in air or food.

. The ratio of carbon-14 to carbon-12 stays constantin the Earth’s
atmosphere: one '“C atom per trillion 12C atoms.

14C

% = 1.2><1O_12

cosmicray

proton

collsion with N/
atmosphere 7 P

hlnsphere
absorts }

Time of Death

o When a living thing dies, it stops exchanging carbon with the environment.
. The amount of carbon-14 in the organism gradually decreases witha 5760ye
« Artifacts made of once-living material are eligible for 4C dating. ‘A
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What is it?
o The sampleis prepared, ionized, and accelerated as a
beam through the tandem accelerator.

e Magnets selections of the correct mass, velocity and
charge continue along the beam line.

stonyAccelerator Mass Spectromeg;y el

H'gh energy 9 S|ng|e nu0|eus Stony Brook’s Tandem Van de Graaff accelerator
e Magnets can be tuned to separate carbon-12 from carbon-14.

e lonization detector measures the total energy of each nucleus as well as its rate of energy
loss. Counts single nuclei

High energy eliminates molecules
e No molecules exist at charge states greater than +2.

o The stripping of electrons involved in accelerating the carbon beam also breaks up all
molecules into their component atoms.

ExB
Velocity selector

Analyzing Magnet

|

|
lon Source

Switching Magnet

Tandem
Injector Magnet Accelerator

Electrostatic
s ? é zg . o 45 Analyzer g:?zation

Detector




%m\g Outreach Concept T ENIX

STATE UNIVERSITY OF NEW YORK

Concept

e In AMS carbon dating, the
measurements are simple
but the equipment is advanced.

e Ourgoalis to provide remote access
to Stony Brook’s Van de Graaff accelerator.

e Doing this will create a valuable
science learning resource.

e Students willbe able to

, tuning the instruments
and taking their own data
through any web browser.

Stony Brook’s Andrzej Lipski works with a summer research student to
prepare samples for carbon dating in the accelerator.

Running Experiments Over the Net

e Once the development projectis completed, students will be able to get behind the controls
of Stony Brook’s Van de Graaff accelerator from anywhere in the world.

e Measurements will be assisted via live videoconference with local expert.

Stony Brook Univensity 46 Dhomas X Hemmick



stony Undergraduate Research ——
BROSK PH ENIX

e Undergrad Accomplishments
0 Remote Web-based Control of Tandem’:
Injector.
* , REU-2007

0 Remote Control of Analyzer Magnet

d

o , Visiting his Uncle - 2007 A -fl'l,,r"". i _.mw...“-'

[
Uil
I_Il |.| 'I (R

0 ﬁ%s lonization Detection & Selection of
& , Simons - 2007
0 GVM stabilization of Tandem Terminal
Voltage.
& , REU - 2008
o CAMAC->USB-root
DAQ System.
& , REU - 2008

=T i
133g 1635
Time=

Stony Brook University ar Dhomas X Hemmick



| Grad Lab Experiments ——
-ab EXP ==

o Tandem Accelerator makes beams of any nuclear
species.

e Multiple beam lines available for experiments.
o Ample Detectors available.

e New Tandem-based grad lab experiments will be
available by Fall 2009.

| WANT Y0U...
Stony Brook Univensity 48 Vhomas X Hemmick



stony Grad Lab Data Acquusutlo

BRASK — PH Ele_

STATE UNIVERSITY OF NEW YORK

| WANT YOU...

o A marriage of old & new.

o Detectors are digitized by CAMAC
electronics (old)
and read out via USB 2.0
(so last week...)

o Event-by-event style data recorded as
“nTuple” and analyzed via root
(RHIC,LHC present standard).

REG 1o)

205 Anaeles &imes

Stony Brook Univensity 49 Dhomas X Hemmick



stony Minor/Major/PhD Projects! ——
BRAWSK PH ENIX

o We have a number of minor projects
waiting involving establishing the 14C
program and also the grad lab
experiments.

o We have major projects galore through
BNL and Stony Brook.

o We have PhD projects at BNL in
forefront accelerator science.

e PhD in AMS as well!

Stony Brook University S0 Tbomao K Hemmick



STONY "

BRQSK PH ENIX
o Backup
Stony Brook Univensity o1 Dhomas X Hemmick



STONY In the beginning: -
BREWSK PH ENIX
o Presentunderstanding holds that all matter and
energy of the universe sprang from a single point:
0 Extremely Dense; Extremely Hot

o Since that epoch, the history of the universe s
dominated by cooling:
0 Today the universe is mostly ~2.7 K.
0 Exceptions exist in hot spots (like our solar system)

o As the universe cooled, different phases of matter
and different forces of nature played the dominant
role.

What can we learn in the laboratory about these events?

Stony Brook University 52 Tbomao K Hemmick
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Quantum Efficiency

——

STONY
BREWSK
QE test across ¥ axis of strips: 1668nm
40
35:_ ° OOOoOOoOOOOOOO
fé\ § @ & Lo
e\-/ 30 -
Lt
O s |
O | |
= ot
Tk
q) 15 _—
m L
O 0: 4 5] é 10 1I2 I 1I4 I 1I6 I 1I8 I 2I0
X-coordinate across GEM
o Excellent QE.
o Comparable to other research institutes throughout the world.
e QE constantacross GEM.
e It’s crucial to maintain high QE after production.

Stony Brook University
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BRAWSK PH ENIX

STONY Muon Arm —

e The muon arms use
the pole face of the
central magnet as
their primary
absorber.

e Tracking occursina
radial field.

e MuonliDis
accomplishes by
larocci tubes
sandwiched between
large steel plates

Stony Brook University



sony VEC Design Goals -
BRWSK PH ENIX
" Thée four plane TEC is designed to achieve the following

operation performance:
*Single point track resolution of 200-250 m in the r-

¢ direction
«Two track sepafation of 5 mm for tracks normal to the
detegtor s

«dE/dx measurement allowing e/r  separation of 5x10 at
600 MeV/c and 2x10 at 2.0 GeV/c (for Xe gas)

" The detector parameters are:
*4 planes of~wire chambers built into two flat 45 segment in
each arm located at z=4.35 m
«Active area covering = 0.35.
«Argon based gas mixture that will allow good tracking
performance and dE/dx separation.
*Drift velocity in the range 15-30 mm/ s

Stony Brook Univensity 56 Vhomas X Hemmick



STONY 6-pack of TEC —

BRAWSK PH ENIX

STATE UNIVERSITY OF NEW YORK

* The PHENIX TEC detector uses Flash-ADC digitization of dE/dx along the
trajectory of the incoming particle.

* This technique maximizes the number of samples of ionization thereby improving
the accuracy of the dE/dx measurement.

« The TEC wires run parallel to the beam. The TEC requires a pad chamber hit to
determine “Z” location.

Stony Brook University o7 Tbomao K Hemmick
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Executive

PHENIX

STEONY
BROSK PH ENIX
STATE UNIVERSITY OF NEW YORK G I 0 bal

MVD/BB/ZDC

An experiment
with something

for everybody

A complex
apparatus to
measure

0 Hadrons

N _/I@n Arms

Coverage (N&S)
-1.2<y| <2.3

-T <¢ <7
AM(Jhy )=105MeV

I-AM(Y)  =180MeV

a Muons

0 Electrons
0 Photons

summary:

Q High
resolution

Q High
granularity

Stony Brook University

éo_u_th muon

East Arm
Central Arms

Coverage (E&W)
-0.35<y < 0.35

300 <|¢p |< 120°
AM(@Jhy )= 20MeV
AM(PP =160MeV

3 station CSC

5 layer MulD (10X,)

1| p(n)>3GeVic

North _rﬁu_on

Ttomas X Hemmick



Summary

STONY .y
BRAWSK PH ENIX

« Hadron Blind Detector is crucial to
the low-mass dielectron spectrum
(est. to reduce bkgrd by a factor of
10-100)

— NN
aF [ 11

ﬁp.z..... ; .
Vo ) ‘f?“lﬂ))'_-ur.

» Excellent QE is achieved at the
Stony Brook production facility.

* The HBD prototype is installed in
PHENIX and being tested. We
have seen the light!! (it's working).

 Final HBD is scheduled to be
installed in late Aug 2006.

Stony Brook University 60 Tbomao K Hemmick



Making Plasma in the Lab ——
9 vl

o Extremes of temperature/density are
necessary to recreate the Quark-Gluon
Plasma, the state of our universe for the first
few microseconds.

0 Density threshold is when protons/neutrons overlap

¢ 4X nuclear matter density = touching.
¢ 8X nuclear matter density should be plasma.

0 Temperature/Energy Density threshold:

¢ When the temperature exceeds the mc?2 of the lightest
meson (pion m=140 MeV/c?)

¢ Several light hadrons per volume of light hadron
g.~1 GeVHm3

¢ The necessary temperature is ~1072 Kelvin.

Stony Brook University 61 Tbomao K Hemmick



STEONY

Phase Diagrams

. il

BRANSK

STATE UNIVERSITY OF NEW YORK

100 A-GeV Collider
T

9 1 pion
E-afew 4 & /[ (r - 0.6fm)

GeV/fmJ
- 200 MeV ¢

Hadronic
Matter

Temperature

Guark-Gluon
Plasma

Temperature

10 -100 A-GeV 100°C

PH ENIX
A

Water Vapor

q nucls

Normal Y
Mucleus
; = pipg
1 -5 -20 0°C
Density .'\[1.3,*0.313 -
Nuclear Matter ‘
62
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Ice

o

760mm Pressure

‘ Water ‘
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STEONY R H | C o,

BRGK  PHIENKX
e RHIC = Relativistic Heavy lon Collider
» Located at Brookhaven National Laborato




stony HOW is RHIC Different? ——
BRE\SK PH ENIX

o It’s dedicated to High Energy Heavy lon
Physics
= Heavy ions run 20-30 weeks/year
o It’s acollider

=> Detector systematics independent of ECM
=> (No thick targets!)
o It’s high energy
=>» Access to non-perturbative phenomena
¢ Jets (very violent calculable processes in the mix)
¢ Non-linear dE/dx
o Its detectors are comprehensive

= ~All final state species measured with a suite of
detectors that nonetheless have significant overlap
for comparisons

Stony Brook University 64 Tbomao K Hemmick



STONY RHICin Fancy Language —~—

BRANSK

o Explore non-perturbative “vacuum”
by melting it
0 Temperaturescale T ~ 7 /(1fm) ~ 200 MeV
-> Particle production

= Our ‘perturbative’ region
is filled with

¢ gluons
¢ quark-antiquark pairs
- A Quark-Gluon Plasma (QGP)
o Experimental method:
Energetic collisions of heavy nuclei
o Experimental measurements:
Use probes that are
0 Auto-generated
0 Sensitive to all time/length scales

Stony Brook University 65
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Perturbative Vacuum

Il

Color Screening




STONY RHIC in Simple Language @—~—
BREOSK PH ENIX
"o Suppose...

0 You lived in a frozen world where water existed only as ice

0 and ice comes in only quantized sizes ~ ice cubes
and theoretical friends tell you there should be a liquid phase
and your only way to heat the ice is by colliding two ice cubes
So you form a “bunch” containing a billion ice cubes
which you collide with another such bunch
10 million times per second

which produces about 1000 IceCube-lceCube collisions per
second

0 which you observe from the vicinity of Mars

o 00 00 0

o Change the length scale by a factor of ~1013
=> You’re doing physics at RHIC!

Stony Brook University 66 Tbomao K Hemmick



STONY BRAHMS —_—

BREWSK , : PH ENIX
An experiment with an emphasis:

0 Quality PID spectra over a broad
range of rapidity and py
0 Special emphasis:
Mid rapidity spectrometer ¢ Where do the baryons go?

¢ How is directed energy transferred to
the reaction products?

0 Two magnetic dipole spectrometers in
“classic” fixed-target configuration

1030 cm

Forward spectrometer Yomas % Femmick



PHOBOS —

BRANSK PH ENIX

STATE UNIVERSITY OF NEW YORK

An experiment with a

PHOBOS DETECTORS philosophy:
_ TOF panel \E—j " 0O Global phenomena
A , i ->large spatial sizes
Wiy, . Vertex [
Beam line . %ﬂ R = small momenta

0 Minimize the number
of technologies:
¢ All Si-strip tracking
¢ Si multiplicity
detection
¢ PMT-based TOF
0 Unbiased global look

at very large number
of collisions (~109)

i okl

Spectrometer -
Arm

Magnet pole‘“"“l“" e
Ring counters
Rachid Nouicer APS, March 1999 Atlania, Georgia

Stony Brook University 68 Tbomao K Hemmick



STONY
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nE L:i' =t e 3 {
LK v .
> ==, '
f 5 |
a E P » }
H\:c,—- - A . ] = .x,:.: |
‘4--_4;»%,.»‘ S
1 o - ) a1
v e

PHOBOS Details

. il

l -
FT | T | |8 ré{jl 18 d P
RO A R ...L».a‘:;t—J
Eas =S 5 = 2 == y S SN . = =

0 o L
WAL ALAL AL R T AT AT AT AT s
s e e e e W e N Y N
L -

“““““““““

Si tracking elements
a 15 planes/arm

0 Front: “Pixels”
(1Tmm x 1mm)

0 Rear: “Strips”
(0.67mmx 19mm)

0 56K channels/arm

Si multiplicity detector
0 22K channels

QO In|<5.3



STONY STAR = S—ga——
BRQ\SK . ] PH ENIX
e g AR @XPEriment with a challenge:

0 Track ~ 2000 charged particlesin|n| <1

Magnet Time
Projection

Coils Chamber
Silicon
Vertex

EPdC . Tracker

ndcap
MWPC
ZCal ‘ } — ZCal
Endcap o =1 \Vertex
Calorimeter ~— ? E ) Position
| Detectors

Barrel EM j E Central

Calorimeter R Trigger
Barrel or
TOF
RICH

Stony Brook University v Tbomao K Hemmick



STONY
BRANSK

STATE UNIVERSITY OF NEW YORK




PH ENIX

e S |
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Pictures from Level 3 online display.

Data Taken June 25, 2000.
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STEONY

STAR Reality
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sony tracking Software——

BRANSK
STATE UNIVERSITY OF NEW YORK

PH ENIX

Stony Brook developed the software which sorts detector hits

Into tracks (pattern recognition) using global Hough
Transforms.

We are working on software for mock analysis to be ready on
Day One of RHIC.

Stony Brook Univensity 76 Dhomas X Hemmick



stony Magnetic Spectrometers—

) . PH ENIX
BROWK cool Experiment:

0 Hold a magnet near the screen of a B&W TV.

0 The image distorts because the magnet bends the
electrons before they hit the screen.

e Why? :
@:vaé ||_5L|=EB-R, e_ 03GeV/c
dt ¢ C c Tesla—meter

o .
——"'Yi/._—_

" Dhomas K Hemmick




stony  Particle ldentification by TOF ——

D4 LAY
BRl\\\@K [17p vs TOF | T ren

o The most direct way

0 Measure B by distancel/time

0 Typically done via scintillators
read-out with photomultiplier tube

0 Time resolutions ~ 100 ps
0 Exercise: Show of

m) U p) 7t S PH‘%ﬁENIX
e Performance: g |
a o6t~ 100 ps on 5 m flight path

=> P/K separation to ~ 2 GeV/c
=> K/p separation to at least 4 GeVic

it
T

i
TT 11

tum [(GeVic)**-1]
My

=
T 1T

1 Charm Mome
I'\J
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STONY Interactions with Matter e
BRA"SK PH ENIX
Coulomb Scattering A
do/dQ
An incoming particle with charge z interacts with
a target of nuclear charge 2. The cross-section
for this e.m. process is
do mc) 1
00— 4zze) e | Ruthetord formuia | ]
dQ e(ﬁpj sin®0/2 <> 0

Average scattering angle <6>=0
Cross-sectionfor 6 — 0 is infinite!

This implies that there will be many soft scattering events. P

Multiple Coulomb Scattering

In sufficiently thick material layer — the particle will undergo
multiple scattering. There will be angular deflections and energy loss.

0~ =20 7 |0 [1+0.20 In(x/ X,) | [ I G

pgcp 0

79
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sTon¥HOW do particles lose energy in matter?——

BREWSK PH ENIX
STATE UNIVERSITY OF NEW YORK V ’ mo
dE » _do
<d— = NE -7 do 0
X
hw, ik
L I I I i
L + _
® U on Cu
- - Bethe-Bloch Radiative N
S ]
% - fﬁ Anderson- -
= e Ziegler ]
o o &
W —_r:u. E .
2 L22 --
10 == w1 A —
g0 TED Radiative 7 Radiative :
= C Minimum effects / losses 7
2+ ionization reach 1% e ————o
2 [ Nuclear M - 7
V| losse e P
g Without 6
dE\ 1 7 | | LAT | | L/ i
—_— d: —_—
dx/ p? 0.001 0.01 0.1 / 10 8 \ 1000 101 10° 106
i
I I I 7 I I I N I I I |
By ~ 3-4 ) ocin 7y
dx
| density effect
dE Z 1| (2mc*?p° 5
Bethe-Bloch Formula <— =—47N,r’m,c’z* = —| In CUwars o | ionization
dx Ap I Y, 2 | constant

Stony Brook University

/



Particle ldentification by dE/dx ——
BRESK y PHENIX

2 2 n2
g€ =—47N ,r’m c’z° 2 2 12 In| 2MeC 7 A —ﬂz—i
A B 2

dx I

€\2
Energy transfer = Py ) 12
2m, B

'y
o

o dE/dx:

0 The 1/ B2 survives
integration over impact
parameters

> Measure average
energylosstofindb

0 Usedin all four
experiments

Stony Brook University L . p (GeVic)

dE/dx (keV/cm)
N o ©

IIIIIII IIIIl]llllllIIIIIIIIIIIIIIIIIIIIIIIIIIII

(=2

W & O




sony 10 Reconstruction
BRAWSK PH ENIX
¢ "A'good example of a “combinatoric” background

o Reconstructionis not done particle-by-particle

e Recall: % - yy and there are ~200 =° ‘s per unit rapidity
a So: o
04 = YA+ V1B

0
“02 —> Y2AT Y2B
T3 > Y3AT Y3B pr>2GeVic

PHENIX

0 reconstruction

Asymmetry < 0.8

n N ™ YNAT YNB

1]
0 0.1 02 03 04 05
M (GeV/c?)

QO Unfortunately, nature doesn’t use subscripts on photons
=> N correct combinations: (y; A ¥ 1B)s (Y2A Y 2B) --- (YNA Y NB)>
=> N(N-1)/2 - N /incorrectcombinations (y; A Y74), (Y147 2B)s -+
Z Incorrect combinations ~ N2 (!)

Solution: Restrict N by py cuts

use high granularity, high resolution detector
Stony Brook Uncvensity Fhomas % Hemmick



ony ElECtrons in PHENIX ..

BRANSK PH ENIX

Electrons are identified as

Cherenkov right in RICH
-p, 0.2~4.9 GeV/c

e Number of hit PMT

* Ring shape

 E,p matching

Stony Brook University



TeNY Di-lepton Physics —_—
BROWK PH ENIX

STATE UNIVERSITY OF NEW YORK

o Diverse Physics: minimum bias Au+Au @ \ls = 200 GeV
D Vector Mesons 1 T TT ! T 1T ! T TT ! T 171 ! T 1T ! T T ! T T ! T TT1
o Dalitz R e B e 1~ R R
0 Correlated semi-leptonic L ; | n? —yee | -
decays. L e e e e I A B S
a Chiral Restoration?? o | : o 0 7
. i poee&mee b o
e Very difficult measurement Y11 S S N N b>eed&nee.

in Heavy lon Physics

o (seeAlbericaToia’s talk
5/18/06, 10:30am)

dN/dm,, [c¥GeV] IN PHENIX ACCEPTANCE

Stony Brook University 84 Tbomao K Hemmick



scony PHENIX Single Event ——

BRANSK PH ENIX
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stony EVOlUtion of the Universe ——

BRAWSK PH ENIX

STATE UNIVERSITY OF NEW YORK

as1aAluf ay3 jo aby

sied) 000°00€

$ Reheating Matter g
Inflation

Quark Soup

295 zg.O[ 0

puolas

Parting Company

First Galaxies Stars convert gravitational
energy to temperature.

They “replay” and finish
nucleosynthesis

~15,000,000 K in the center of
our sun.

SIea uol)ig 1

-
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)
—
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—
-
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stony  Onboard Digitization——

BRANSK +ENIX

Stony Brook developed the readout system for the PHENIX DC

The system operates with 2-3 fC (no wires) or 6 fC (with wires)
thresholds on 6 nsec shaping times.

We digitize continuously (no deadtime) have feed output information
onto 80 fibers each transferring 0.75 Gbits/second.

Stony Brook University 87 Tbomao K Hemmick



STONY PHENIX Muon Arms

. il

, PH ENIX
BR‘\\‘}éRun—Z p-p and onwards: Electrons are still detected in the central arms..)
2 Muon Trackers = 3}“\ South Arm Tq-a i Kirgn~ 3D°
2x3 stations artipns
> potations—< [l wyon
2 Muon Identifiers 12.-_@_1__\\ - : ll10 5°
= 2x5 planes -
South Arm: I) I | K
Began operations <
in 2001: Run-2. F\ Magne _
Muon Ideritifiers
North Arm: -
Installed 1in 2002. ,::,,_ 1 - o
U Bl NN T \ «J""“_
Acceptance : 1.2< || <2.4 ol B e -
AD =27 T -17, - i
Muon minimum momentum ~ 2 GeV/c :::_ L] Heerep -
Rapidity

Stony Brook University



«reny P@d Chamber Electronic——
BROWSK PH ENIX

STATE UNIVERSITY OF NEW YORK

PAD CHAMBER READOUT CARD

Connector card, solders  Readout card, for 48 channels. 3 amplifier/discriminator chips (TGL98)

on chamber. and one Digital Memory chip(DMU). Mounted on 0.1mm fiberglass enforced
3 RS485 diff-CMOS Kapton. Total weight of whole assembly is 4 grams. Size 55%65mm?
translator chips

o Pad chamber Read-Out-Card (ROC) compares pad signals to
threshold (typically 2 fC).

o Binary output (hit/not hit) via serial line interface.

o Bare Si chips are wire-bonded to kapton substrates and “capped” w/
epoxy for low mass.

e Readout cards provide a latency of 4.2 usec allowing for trigger
delay.

o Developed by Lund group.
Stony Brook Univensity 89 Dhomas X Hemmick



STONY Looking Closer...

\\L//

PH ENIX
* Inner coil can cancel B-
field atr < 60 cm

* Not enough room for
traditional optics...
mirrors won't work.

* Just put the detector
right in the middle of
things!

* Has potential, but...
* must be thin
» must detect a single
UV photon and still be
blind to all ionizing
particles passing
through it!!

Stony Brook University 20 Tbomao K Hemmick



STONY Why so much background? - —~—
BREWK PH ENIX

* Typically only 1 electron from the

pair falls in the acceptance.
» The magnetic field bends the
pair in opposite directions.
« Some curl up in the magnetic
field and never come out.

PHENIX Detector

PC3 Central
Magnet  TF

PC2

* The new detector needs:
* >90% electron ID
* Sit near the collision
* Sit in zero B-field
* catch e*"- before they get lost

~ Beam View
~12 m

A

v

Stony Brook University o1 Tbomao K Hemmick
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VTX, FVTX and NCC add key measurements to RHIC program:
Heavy quark characteristics in dense medium
Charmonium spectroscopy (3/v, v’, xcand Y)
Light qurak/gluon energy loss through y-jet

Gluon spin structure (AG/G) through y-jet and c,b quarks
A-, p-, x-dependence of the parton structure of nuclei
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| calorimeters —
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Single particle resolution in Jet energy resolution

EMCal+HCal From GEANT4 in p+p
% = orimeter (EMCal + HCal) Energy Resolution (protons, with field) | & 0.25—
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DC: Small Angle Stereo —
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PH ENIX

collision axis while “*U” and have better than 95% single point
“W” are tipped for small angle efficiency, 150 um resolution, and 1.5
(5-6° depending upon radius) mm two-track resolution.
stereo.
Stony Brook Univensity o Dhomas X Hemmick



Gas Electron Multiplier (GEM)

. il

STONY

« Two copper layers separated
by insulating film with regular
pitch of holes

« HV creates very strong field
such that the avalanche
develops inside the holes

 Just add the photocathode

* By the way: no photon
feedback onto photocathode

Stony Brook University

PH ENIX
» The original idea by F.Sauli (mid 90s)

US Patent 6,011,265

» Traditionally CHARGED PARTICLE

detectors (not photons)

T
| | | f

\,
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STONY Unfocused Cherenkov “Blobs” —~—
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* Windowless: Radiator Gas = Avalanche Gas
* CF, (n=1.000620) o
- Blind to hadrons w/ <4 GeV Cherekov Radiation

Some challenges:
* No room for traditional optics (ie. focusing mirror).
» Cherenkov light collected as an unfocused blob.
« 1.5 m”2 photosensitive region
 Low radiation length:
* minimize photon conversions.
» Charged particles from collision will pass through:
* jonization must not interfere with photoelectron detection.

| distribution of pe's in blob (in the blob's coordinate system) |

Stony Brook University 99
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STONY Isitamtorao? ~—
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ety . : A lot of particles have e*e” decay channe
Back tothe basics (briefly). . How can we tell the Dalitz decays and
photon conversions apart from the decays
that we're interested in??

relativistic electrons

Given the same initial momentum, more
massive particles have lower velocities
than lighter ones. Therefore, the
opening angle of the decay is bigger.

Lighter particles have smaller opening angles!!

How about a Cherenkov Detector???
* ID electrons

» give directional information.

Stony Brook Univensity 100 Dhomas X Hemmick



STONY PI-IENIX VTX Upgrade
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