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el Relativistic Heavy lon Collider (RHIC)

What have we done at RHIC so far?

® 2 concentric rings of 1740
superconducting magnets

® 3.8 km circumference

Beam Energy = 100 GeV/u

B(}GSTER
| /
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e Relativistic Heavy lon Collider (RHIC)

Locations of Siberian Snakes for Polarization
RHIC_” VS. RHIC Absolute Polarimeter (HT jﬂ)\ ’:.f/’pcj | T B

PHOBOS

BRAHMS

Summary of luminosities used in these rate calculations for RHIC-II and RHIC-I (2008).

collision RHIC-II RHIC-I (2008)
Pp 33 pbwk 9.9 pb/wk
dAu 62 nb™/wk 2.8 nb " /wk Siberian Snakes
Audu 2.5nb " /wk 0.327 nb"/wk

Spin Rotators
(longitudinal polarization)

Wiy
Spin flipper
N Spin Rotators E kB

(longitudinal polarization)

5.99% Helical Partial Siberian Snake
e

«— Internal Polarimeter

Pol. H Source / .
200 MeV Polarimeter x "'<— pC Polarimeter
10-25% Helical Partial Siberian Snake
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eI\ Motivations for the Upgrade: Discoveries
The Collaboration of the four
Hunting the Quark Gluon Plasma experiments: PHENIX, BRAHAMS,
AT PHOBOS and STAR at RHIC
- CONCLUDE

that highly interacting medium
have been discovered in
most central Au+Au collisions
at 200 GeV

BRAHMS: I. Arsene et al., Nucl. Phys. A757, (2005) 1
PHOBOS: B. B. Back et al., Nucl. Phys. A757, (2005) 28
STAR: J. Adams et al., Nucl. Phys. A757, (2005) 102
PHENIX: K. Adcox et al., Nucl. Phys. A757, (2005) 184

RicBTS

PHENIX BRAHMS

Relativistic Heavy lon Collider (RHIC) = Brookhaven National Laboratory, Upton, NY | 1974-5000

& bt BROOKHAAEN
- | NATIONAL LABORATORY

il SCience

RHIC Scientists Serve Up “Perfect” Liquid

New state of matter more remarkable than predicted -- raising many new

questions
April 18, 2005

DIS-2009 Rachid Nouicer - BNL 4
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TNl Votivations for the Upgrade: Discoveries
In the Press

cience Iran Daily . April 20, 2005 4

Early Universe Liquid-Like

P ]E‘.‘.' results from a2 better learn how sub- Sam Aronson, associate gzold atoms together with ons, which are now directions so much as affeets a fluid's ability to by black holes might also

particle collider atomie particles interact director for high emergy such force that their almost inextricably  squirt out I

treams. flow and the resistance have extremely low vis-

suggast that the at the most : ndamental and nuelear physies at energy briefly genorated bound into the protons "The matter that we've to objects trymg to swim  cosity. That notion,
universe behaved like a _e'e _ It may also reveal Brockhaven  National mllion-degres tempera- and neutrons inside  foimed bshaves like a  through it Henew has a based on a D]"l]th of
ligmd in 1ts earliest infriguing p._ral]:- s Laboratery, which is tures. Physicists think of atomic mnmclei, were very nearly perfeet lig- high wis cos ity, water's mathematical physies
moments, not the fiery between gravity and the located on Long Island the cellider as a time thought te have flown _wid” Avonson said viscosity is low. A per- known as sting t|.15011.

gas that was thought to  force that holds atomic about 63 miles east of machine, because those around lhike BBEs m a When physicists ta fect liqui no viscos- has led some physicists
have pervaded the first nucler together, physi- New York city. extremsa temperature  blander. about a perfect ligmd. | ity at all, his impos-  to hypothesize that there
microseconds of emiz-  cists said Monda Between 2000 and conditions last prevailsd But by reproducing the [thev don't mean the best | sible in reality but useful mnught be a deeper con-
tence, AP reported. 1'..|.upa Fla,, 2003 the lab's  in the universe less than conditions of the earlv [elass of champagne they | for theoretical discus- neetion between what
Bv revising physieists” the American Phys Lcal Relativistic Heavy Jon 100 millienths of a2 sec- wumiverse, EHIC has Jever tasted. The word| sioms. happens in a black hele
concept of the earlv uni- Society. Ceollider, known as ond after the biz bang. shown  that uncon- |'perfect” refers to the Theoratical physicists and what goes on when
W , the new dizcovery There are a lot of RHIC, repeatedly  Everythmg w o hot  strained quarks and glu- Jhiguid's viseosity, a fric- | have recently proposed two gold nuclei collide at

nf_er. opporfunities to exciting guestions,” sald smashed the nuclet of then that quarks and glu-  ons den't fly away i all [tion-like property that] that material swallewed FRHIC.

New State o

B \When physicist talk about a perfect

Laboradtor?f annou . 1 )
== liquid, they don't mean the best
Sl e ’

@ glass of champagne they ever
tasted. The word “perfect” refers to
flﬁg'r'ggmqg'gém the ||qUId,S VISCOSIty

another at great velocities, resulting in thousands of subatomic collisions every second. When mo ngly interacting than
the researchers analyzed the patterns of the atoms’ trajectories after these collisions, they Laboratory, say these particles predicted
found that the particles produced in the collisions tended to move collectively, much like a were seen to behave as an almost perfect "liquid”.

school of fish does. Brookhaven's associate laboratory director for high energy and nuclear

physics, Sam Aronson, remarks that "the degree of collective interaction, rapid thermalization . o . -

and extremely low viscosity of the matter being formed at RHIC make this the most nearly The work is expected to help scientists explain the conditions
perfect liquid ever observed.” that existed just milliseconds after the Big Bang.

DIS-2009 Rachid Nouicer - BNL 5
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TNl Votivations for the Upgrade: Discoveries

Elliptic Flow Suppression of Baryon-Meson
of Hadrons High-Enerqy Pions Separation
V2(pT,m) AA(pT) (spec)AA/(Spec)pp VZ(KETjn )
0.A8F ot oome | o T T T +x (PHENIX) & p+p (PHENIX)|
0161° tlb:J'G.eQ'anD'Hr H}'dl‘oﬁ:u\l;'e‘s: b) ~ . E PHENIX preliminary dN/dy =1000 : j;; +T|[{((PHEN|;] 0 '?Hp'i[(STAR] i 03
SVET| 200 GeV K T =165 MeV, . PHENIX 0 — 1
0145 | 4 20GeVp-F T: 130 VeV 1 o8| . K (STAR) 0 =+ (STAR) | |
F W0GeVA+A r
012;— ¥ 200 GeV Cascade —; i 1L f{) %}
0.1 3 osf AT é\jq}q:[f# H0.2
0.08 - = 11 i _
0.06 - Y |1 Sl pn *" i,
0.04 ElN' [ o» '
045 = . . (G ~0.1
0.02° PHEENIX 35”‘“’_- 2 A . & _
0= I Preliminary — - 11 ]
-0.02:|||||\||||||||||||||||\||||||||||||||||: oobl— 1 o 1 o 10111, Lé' |
0 02040608 1 12141618 2 4 6 & 0 22 4 16 1B 0[] o001 eoaunaal g
PriGeY) 0 1 2 3
KE, (GeV)

Collective Expansion: Quark Energy-Loss:

ideal hydrodynamics  perturbative QCD Hadronization:
(QGP equation d date) (gluon radiation) quark coalescence

rapid thermalization, “perfect liquid” = strongly-interacting QGP
DIS-2009 Rachid Nouicer - BNL 6
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PH ENIX

Motivations for the Upgrade: Spin Program

» Deep-Inelastic Scattering data indicate that only a small fraction
of the spin of the proton is carried by the quarks and anti-quarks

1
EMC: AX= jdxz (Aq.(x)+AG,(x)) =0.31+0.04
0 i

The Spin Structure of the Proton is:

| ) 1
JP=—AX+AG+L =— .
-2/ + . 2 polarized gluon
contribution of orbital angular
quarks and anti-quarks

distribution function
momentum

1 v
[ dxAg(x)

W,
DIS-2009

I|
gluon contribution to the proton spin: 4G =

Rachid Nouicer - BNL
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JTRENT' Motivations for the Upgrade: Spin Program

- Gluon spin structure of the nucleon

Direct v (p+(Y), n,)
* Gluon polarization AG/G with charm, beauty.

* X dependence of AG/G with y-jet correlations.

Large Acceptance

« Requirements for detector

* Heavy flavor tagging and beauty and charm separation : Good vertex resolution

* X reconstruction with recoil jet (p(Y), Ny, Niey) : Large solid angle coverage

DIS-2009 Rachid Nouicer - BNL 8



PH. ENIX What Next?

& Detailed study of the properties of the proc \OQ natter
- Does energy loss mechanism depenr \)c} sark mass?
- Does flow strength depend on ma“ OY.k mass
=» Identify heavy flavors (charm - \ ,(tom)
- How is the jet correlation me QK .n large solid angle?
. N
- Jet shape recoiled agaln.oQ\Qy. .« photon

=>Measure charged par* * .1 large solid angle

>
& Detailed study of nl'\e@ structure
- A of charm » " ..om production

=> Identify cF \6 .1d bottom

- Direct pF &O - Jet measurement to constrain parton level
Kinemr

> 4 Mc\bga recoll jet in large solid angle

DIS-2009 Rachid Nouicer - BNL 0]



PH. ENIX Why Heavy Flavor?

- Heavy flavor (c and b quarks) are produced in the early stages of heavy ion collision

- Experimentally easy to observe (D>KT decays or Semi-leptonic decays)

Mass CcT el

(GeV) (Lm) X
Do 1865 125 \
D* 1869 317 —
Bo 5270 464 D Au

Au EAN
to Central arm orompt D:-: B\\
Silicon planes /\ \
to Muon arm \
Jhy
K T
m->H
40 cm X

— — | ! ! e

i -
collision - Dj )
point Distance-of Closest Approach

-
-
-

DIS-2009 Rachid Nouicer - BNL
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PH._ENIX PHENIX Detector : Present

> 2 central - ol Sk
spectrometers | "/ | = |
Photon, hadron, electron [ eeatifgr="" 'l/ |
nl<0.35, Ag=nt RS N Nep ™ Wi
> 2 forward 1/,
spectrometers

u detection -
1.2<|n|<2.4, 2% in ¢

> 3 global detectors . AW/ %
- Luminosity Monitoring - /Bes

(BBCN,BBCS)

- Centrality (BBC vs ZDC) |

- Local polarimetery (ZDC| .

& SMD) 2o
DIS-2009 Rachid Nouicer - BNL
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e\l PHENIX Silicon Vertex Tracking Upgrades

[[T—111
==

40 cm

show? Eumad

FVTX:

Stripixel

VTX: silicon VerTeX barrel tracker
DIS-2009 Rachid Nouicer - BNL

12
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JIMEN'@ 1 X: Forward silicon VerTeX Detector

Backplane
HDI
114.2_m>m Detector
FPHX
Chips \
40 cm \"
' ~10 cm
® 4 disks/ side
® 48 wedges/disk
® 75 um strips,
® 2.8-11.2 mm long | |
® 1664 strips/column | \/
® 1.1M channels total / N
* Readoutwith FPHX chip 2 anmco?,'gt'gt}\',‘:g;g% Rigid epoxy
7 5°

DIS-2009 Rachid Nouicer - BNL 13
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TNVl 1 X: Forward silicon VerTeX Detector

40 cm

Tt ‘ 3
N N S N —— -

4 disks / side

48 wedges/disk
75 um strips,

2.8-11.2 mm long .
1664 strips/column First prototype wedge and

1.1M channels total the tests are in progress
Readout with FPHX chip (assembled at FNAL)

DIS-2009 Rachid Nouicer - BNL 14
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TN \/ 1 X: silicon VerTeX Bar
¢

rel Tra

"y £

cker

« Four-Layer Barrel Detector [ o

* Pixel Sensor (Inner 2 Layers) (50 x 425 um?)
required for high occupancy

« Strip Sensor ( Outer 2 Layers) (80 x 1000 um?2)

» Good DCA resolution
Opca~ 20 um

 Large Acceptance
M| < 1.2, 2x for ¢

. Il < 1f2 / 27 for ¢
N | Pixel Layers 4
b L r=5.0cm Az=#10cm </ * 7
;\ i :/ r=2.5cm Az=+10cm i h._ 'KF._E
I g P b
I . b P
Strip Layers % 4 . f %
r=10cm Az=t16cm y Vs s f
//; ( r=14cm Az=+19cm | & AR

ichid Nouicer - BNL
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JIREN)'@ Advantage with VTX Detector (Heavy Flavor)

charm and beauty separation with difference of o 27X,/ layer
their life time = * Sum
e 4k e = Dalitz
10 ==
EES * Beauty
100 B P, > 1.5 GeV/c

Life time (c7)
DO : 125 um
D, Bo:464pm

\J

IIII| T IIIIIII| I IIIIIII| I IIIIIII| +I TTT

P p
B ]
By simultaneous fitting
the DCA distribution
with the expected shapes,
e charm and beauty are separated
:raciion of electron source (No DCAcut)| trac:ion of electron source (DCA > 160 um) L g_____ PT } 3 GEV/[:
S F S -
g —— Background goe 5L
o8- ¢ quark =
07k — b quark E .
0.6F ‘][]_B:—
055 E
0.4f —g: -+
E - +
E.:g 10 = _+__+_
0'15_ _|||||I|+H'|||||||||||I
NIt N 0 200 400 600 800 1000
S R - 5. 5 pr (GeVic) : : : DCA (um)

DIS-2009 Rachid Nouicer - BNL
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JInEIN)'@ Advantage with VTX Detector (Heavy Flavor)

- mcharm=1 5 GeV, mbo“om=5 GeV >> T =300 MeV
- SQGP: energy loss, thermalization, v,
- Experimental tool: electron spectra D,B — eX

Nuclear Modification Factor Nuclear Modification Factor
Ly without VTX y expected with VTX

.« PHENIX: PRL 98, 172301 (2007) .-_.;51 i: ctb e

D single electrons o \ « boe

o I from heavy flavor decay 11— 1 coe
1 u.af— “ . Ry

osEly ] HH U.Ef— Y H\_%

061 HHHH - . r ;

0.4:— HHHHHE 0.4:_ I 1 r [

0_25_ ! H 0‘2:_ : |
05‘.‘.\‘H.\.‘..|....|....|....|..i.\.w‘\,‘.‘ u:IIII|IIII|]]J1|IIIIIIIIIIIllllII‘|‘II|IIII|IIII
0 1 2 3 4 5 6 7 pTB(‘Gewc? 0 1 2 3 4 5 6 7 (GB v )9

p(GeVic
* factor 4-5 suppression! * VTX can separately measure
* perturbatlve QCD? R,, Of b>e and c>e

DIS-2009 Rachid Nouicer - BNL 17
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JInEIN)'@ Advantage with VTX Detector (Heavy Flavor)

¢ mcharm=1 5 GeV, mbo“om=5 GeV >> T =300 MeV
» SQGP: energy loss, thermalization, v,
« Experimental tool: electron spectra D,B — eX

Elliptic Flow eomerer] Elliptic Flow
without VTX : expected with VTX
0.14F
PHENIX: PRL 98, 172301 (2007) P orboe |
w o_2_::ee}:::<le:s:|:z::I:::r{r:::}:s‘::,a:::,::rf_ 0.12:_vb—>e o
:I:>'c\I (b) 4 E=] 7° Raas ;>4 GeVic| u coe T T..--"""—-_-
0.5~ minimum b + . v, p >2GeVic i 0-15— T/l/l ‘
o enowr |1 e ||| x
1 0.06 ,/
i _: C v
PH-CENIX | °*- )
1 002 ]
""""""" & 7 8 9 of
pT[GeV/c] 0020 bbb b i b b b b e
o 0.5 1 1.5 2 25 3 35 4 45 5

P (GeVic)

& substantial collectivity

DIS-2009 Rachid Nouicer - BNL
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RN\ T X: Silicon Pixel Detector (barrels 1 &2)

ALICE1LHCDb readout chip:

active area
+ Pixel: 50 pum (¢) x 425 pm (2). Ard
¢ Channels: 256 x 32. 1.28 cm = 50mm x 256
+ Output: binary, read-out in AZ

25.6us@10MHz.
+ Radiation Hardness: ~ 30Mrad

1.36 cm = 425mm x 32

Sensor module:

¢ 4 ALICE1LHCDb readout chips.

¢+ Bump-bonded (VTT) to silicon sensor.
+ Thickness: 200 um

¢ Thickness: r/o chips 150 um

Half-ladder (2 sensor modules+bus)
¢+ 1.36 cmx10.9cm.

¢ Thickness bus: < 240 pm.

SPIRO module
+ Control/read-out a half ladder
+ Send the data to FEM

FEM (interface to PHENIX DAQ)
+ Read/control two SPIROs E :
+ Interface to PHENIX DAQ ———

DIS-2009 Rachid Nouicer - BNL 19
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TN \/ T X: Silicon Pixel Detector (Barrels 1 &2)

Status: Pixel Stave

‘oromeerererreri—— )
I GIuedI
i Glued i
A

Support & Cooling : Stave

DIS-2009 Rachid Nouicer - BNL 20



Ty

JTRENTY@\/ T X: Silicon Stripixel Concept (Barrels 3 &4)

“New technology: unique to PHENIX”

® Innovative design by BNL Instr. Div. : Z. Li et al., NIM A518, 738 (2004);

® R. Nouicer et al., NIM B261, 1067 (2007);
® R. Nouicer et al., Journal of Instrumentation, 4, P04011 (2009)
® DC-Coupled silicon sensor

* Sensor single-sided
e 2-dimensional position
—> b-pixel sensitivity by charge shari

Diffused charge cloud
b-pixels
interconnect
g X strips (connect a pixels)
—_ial==l |

—_e s == =1|[i
= . ﬁ/

a-pixels interconnect 4//
DIS-2009 Rachid Nouigms St”PS (connect b-pixels)

Pixel array: 80 X 1000 um® pitch
a-pixel+—

2'\
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JTRE NI\ TX: Silicon Stripixel Concept (Barrels 3 &4)

& Sensors produced by HPK and the thickness of the sensor is 625 um
w Point symmetric structure of readout lines wrt the center of the sensor

& Readout pads in longer edges for
ladder structure design

v No dead space in the middle
& Sensor size : 3.4x6.4 cm?
& Pixel array : 80x1000 pm? pitch
w # readout strip
X-strip : 128x3x2
u-strip : 128x3x2
Total : 1536 channels/sensor

& Current per strip: 0.12 nA

wNote: Stripixel sensor technology, 777" MM NN ~ _
including the mask design and T A T
processing technology has
transferred from BNL to HPK.

DIS-2009 Rachid Nouicer - BNL 29
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JIRE NI\ T X: Silicon Stripixel Concept (Barrels 3 &4)

Prototype Silicon module Gooling bes
used in: 1 ._ L CFC plate
-Source teSt ¥ o I::, E “ ‘ ﬂ f' (f: } Silicon sensor

- cosmic ray test
- beam test 120 GeV
proton beam at FNAL

Good test results leaded
to pre-production

Bottom View \

Readout connector

Power connector

SVX4 chips

First Stripixel ladder mounted on aluminum stave (Final stave: CFC+ Carbon Foam)

DIS-2009 Rachid Nouicer - BNL
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PH: ENIX Performance Results of

VTX: silicon VerTeX Barrel Tracker

- Response to proton beam at 120 GeV

done for Pixel and Stripixel detector together at FNAL (T984)

For details see:
- Stripixel see: R. Nouicer et al., Journal of Instrumentation, 4, P04011 (2009)

- Pixel see: R. Ichimiya et al., Journal of Instrumentation, 4, ? (2009)

DIS-2009 Rachid Nouicer - BNL 24
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el Performance Results: Pixel detector

Event Display

30

120 GeV proton beam at FNAL (T984)

counts

RUN#598 EV#127  PLANE2 SENSORO CHIPS
2250
o
T
200—
n
150~
C L )
ot ayer 1 00 -
i 80
9 70 a0 %0 B0 100120 ]
col 70 1
RUN#598 EV#127  PLANE1 SENSORO CHIPO 1
2 250 60
[ E
==
znu:— 50
150F- .
[ n ]
: Layer 2 20
100 ]
-
T R [ N RN [/ R 1] 20
col .
RUN#598 EV#127  PLANED SENSORO CHIP1 10
2250 ]
o F
e
2000
1500
: Layer 3
100 -
500 v
G 70 Fi ] I [/ R V1

col

Clear tracking

Intrinsic Resolution
for row (¢) direction

355
:mf
25f
21:-;
155

10}

-I.IILIJIILJIILJ|ILIJ|I IR RLA T AN AN
-gUD 400 -300 -200 100 0 100 200 300 400 500

row [um]

DIS-2009

Rachid Nouicer - BNL
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el Performance Results: Stripixel detector

1) Setup:

2) ReS u ItS . charged correlations (charge sharing)
Profile of the proton beam on layer 1 :,Q_betwee” the X- and U-stripixels
301 " g b)
- - hca
25— a) &0 70: Entries 1100
E ,oF s 60l Mean -0.01519
EF - RMS  0.147
§ 15| . 0 o 50f— Data
= F + | — Gaussian Fit
@ 10 * S I
S 'y - 3
g 10 30
) 20 -10 0 10 20 30 :
X position [mm] 203_
10
Qb lin b0 1L L S L L
-1 08 -06 -04-02 0 02 04 06 08 1

Results demonstrate that the principle of A =(Q-Q)/(Q-+Q)
Q x u X u

two-dimensional position sensitivity based on charge sharing works.
DIS-2009 Rachid Nouicer - BNL 26
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e Performance Results: Stripixel detector
120 GeV proton beam at FNAL (T984)

U-stripixel channel: S/N = 10.1

2R L] uaL | el 250Fp1R[x1R[ x2R

200F 200
150 150
(]
Q : <
5',_.100 =100
B
S Q
& S50fg £ s0E:
Q
0 0

PR PRI (Y T PP PO N 1 AP A PR PR PO PN 1Y PO MNP I PO | AP I PR Y
200 400 600 BOO 1000 1200 1400 1““0 200 400 600 BOO 1000 1200 1400

-100f-~

Channel number {128 channels = 12 chips) Channel number {128 channels = 12 chips)
350 B
300 Pedestal c) 300 ;— Pedestal d)
250 X-stripixels 250 U-stripixels
Proton beam 120 GeV | 2200 i— Proton beam 120 GeV
5150 f—
Signal 100 é_
|-"| I'I.I 503—
50 1 I;Il] 150 200 250 30 %EI 0 50 100 150 200 250 30
Corrected ADC Corrected ADC

DIS-2009 Rachid Nouicer - BNL 27
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el Performance Results: Stripixel detector

120 GeV proton beam at FNAL (T984)
- Event structure of a single event from three layers (three stripixel detectors) :

250

X stripixels a) U stripixels

200 E— :
= Layer 1

=1
(1]
=]

|~ Layer 1

Corrected ADC
=
=

50

20 - d)

X stripixels b) U stripixels

N
=]
| 1 1 1

z direction (mm)
1 1
1 1
-
o
<
o
=
N

=2}
(=]
1 T

Corrected ADC
=
=
T L AN AL R A T

- i -80—

200F- X stripixels c) U stripixels i

8150 Layer 3 i
3 ) ! - Layer 3 i

100 S : . -100 - : s

L1 | | L1 | | LIl ] | L1 Ié | L1 | | L1 ] ‘ L1 | | L |
0 200 400 600 800 1000 1200 1400
Number of channels (128 channels x 12 chips)

0 200 400 600 800 1000 1200 1400
Number of channels (128 channels x 12 chips)

Good correlation between the X and U stripixels
DIS-2009 Rachid Nouicer - BNL 28
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e Performance Results: Stripixel detector

120 GeV proton beam at FNAL (T984)
- Hit residuals from tracks obtained from the stripixel detectors:

in X stripixel: o W ) J] 2
0.42 x 80 (um) = 33.6 (um)  Fit

in U stripixel: £ £
0.44 x 80 (um) =35.2 (um)

from the RMS values. -";E L | EAT

Residual Distribution (um) Residual Distribution (um)

- Tracking efficiency using the stripixel detector (middie layer)

2 | o

b)
. - 80 - -
In X StflplXGl: 99.5 £+ 0.2% 70 osiripiets *F U-striplxeis

w 60 P 402—
in U stripixel: 98.9 + 0.2% 0
O 40 (& ] N
30 20l§—
. . ) ) 20 .
Tracking efficiencies in 10 o

6000500 300400500 000" 100200~ 500400 500

both Stripixels are Very gOOd Corrected ADC (channel) Corrected ADC (channel)
DIS-2009 Rachid Nouicer - BNL 29



PH._ENIX

& The Silicon Vertex Tracker is an important upgrade of the
PHENIX detector and will extend its physics capabilities to new
observables for the physics at RHIC and the polarized proton
program

@ VTX: silicon VerTeX Barrel Tracker (Pixel and Stripixel
detectors)

- Complete installation in the fall of 2010

<& FVTX: Forward silicon VerTeX Detector:
- Complete installation in the fall of 2011

Stay tuned more to come on Heavy Flavor
from PHENIX Experiment at RHIC

DIS-2009 Rachid Nouicer - BNL 30
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el Relativistic Heavy lon Collider (RHIC)

——(ended.in2005) ... .. Ve
S Dl . <" (ended in 2005)

“PHOBOS BRAHM i
- RHIC ﬁ

A=1~200, p p, pA AA, AB; \/sNN 0-200 GeV (AA), \/s 48-500 GeV (pp)
DIS-2009 Rachid Nouicer - BNL
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» Silicon Vertex Tracker (VTX) can enhance physics capability of the
PHENIX detector.

 PYTHIA simulation was performed under the condition of \/s = 500GeV
and L=300pb""
Improvement for x reconstruction with gamma-jet production.
Estimation of A, as a function of x,.

* FNAL beam test was performed to confirm the functionality of detector
and DAQ system. The system worked properly.

* Preparation for mass production is under way.

» VT X detector will be installed into PHENIX in 2010.

DIS-2009 Rachid Nouicer - BNL




el Heavy-Quark Probes at PHENIX

& Present PHENIX: Access signal from © Precision of the measurement

Lo

& Secondary vertex identification allows
us to suppress background on

non-photonic electrons and will make it
sy possible to distinguish if an electron

1/

-
5
.

heavy quarks via single electron limited by systematic uncertainty because,
measurement + Huge background contribution
—n0 and n Dalitz decay
. ¢ _PHENIX: PRL 88, (2002) 192303 —y conversion ( y-> ete’)
s Au+Au = e* + X (\5=130 GeV) @ Cannot Separate charm and beauty
E 0 e (e"+e )2 contribution model independently
Y L & min. bias (x100) .
? 4L e central & Lifetime (ct) of mesons
§ — C—>e with charm and beauty
w% 10 3 ---- b —>e(central) . t =312 um, D° = 123 um
LRI « B*=501um, B% =460 um
B =
s F
= 10 ! =

w ol o v v v v b v v v by ||1r\ L1 originates from Charm or beaUty'

0.5 1 15 2

o

25 3
P_(GeVic)
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PH ENIX DCA

. Expected DCA
& What is measured? resolution of VTX

Distance of Closest :
- Au+Au

ApprOaCh (DCA) 200at 200 GeV

]

¥2 I ndf 58.92 /29
Constant 216.3+ 6.6
Mean  -6.093e-20+ 1.231e-08
Sigma 0.003731+ 0.000079

c ~40 um

150

100

50

T N |

006 004 -002 0 002 004 006 008
DCA, cm

==]
o T T T
[+~]

DCA distribution for single simulated

b = distance of closest approach pions in 3<p;<4 GeV/c. Simulation is
of a reconstructed track done with 200 micron pixel layers and
to the true interaction point 650 micron strip layer. The passive

material is 1.0% per pixel layer and
2.75% per strip layer.
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PH ENIX

Pixel detector

Strip detector

[ ——  e— |

c—jc——y —jn

\ 4
a

1| Smmen | — r—

op— j[——ic—/

DIS-2009

VTX Layer R1 R2 R3 R4
Geometrical R (cm) 2.5 5 10 14
dimensions

Az (cm) 21.8 21.8 31.8 38.2
Area (cm?) 280 560 1960 3400
Channel count Sensor size 1.28 x 1.36 3.43 X 6.36
R xz (cm? (256 X 32 pixels) (384 X 2 strips)
Channel size 50 x 425 um? 80 um x 3 cm
(effective 80 x 1000 um?)
Sensors/ladder 4x4 5 6
Ladders 10 20 18 26
Sensors 160 320 90 156
Readout chips 160 320 1080 1872
Readout channels 1,310,720 2,621,440 138,240 239,616
Radiation Sensor 0.22% 0.67 %
length o N
(X/XO) Readout 0.16% 0.64 %
Bus 0.28%
Ladder & cooling 0.78% 0.78 %
Total 1.44% 21 %
Layer radius Detector Occupancy in Central Au+Au collision
Layer 1 2.5¢cm Pixel 0.53 %
Layer 2 5.0cm Pixel 0.16%
Layer 3 10.0 cm | Strip 4.5 % (x-strip) 4.7 % (u-strip)
Layer 4 14.0 cm | Strip 2.5 % (x-strip) 2.7 % (u-strip)

Rachid Nouicer - BNL
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PH. ENIX Silicon Sensor Stripixel Concept

® Cross section view of double meta; layout of Silicon Strip
detector via contacts on U sub-pixels

Particle

R

+ +
NS
e@® O v'(
N—ry Ionization
Charge collection & ((
Al

HV '
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T

el Details Measurements: Q/A Tests

* Inspection ® Diodes tests ® Guard Ring test ® Strips tests

Current vs Strips # at 200 V

1.E-05

—=— 625 um
1.E-06

Y
o
8 1.E-07
£
<
E 1.E-08 |
5
(8]
1.E-09 1

1.E-10

0 16 32 48 64 80 96 112 128

Strip #
Current vs bias Voltage for Guard Ring Capacitance vs Strips # at 200 V
8.00E-12
1.E-05
7.00E-12 4
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3 S sooet2
1.00E-12
1.E-08 ‘ ‘ ‘ ‘ ‘ 0.00E+00 : : ‘ ‘ ‘ \ ‘
0 50 100 150 200 250 300 0 16 32 48 64 80 96 112 128
Volatge [Volts] Strip #
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IR Radiation Measurements in IR PHENIX
o Measurement obtained from silicon stripixel sensor

After annealing

Before irradiation

w o
TTTTTT

=]
TTIJTTT

1/C? [nF
;mo&é o~
TTTTTTT

1/C? [nF

f-%

TITTTTI]T
L - - - -
L ALY AL LA L LA L L

- kW

TTTTTTTTTITT T
-

TTTTTTITT

I [nA]
I [nA]

Vip = 54.820 +- 13.874 [V] Vip = 26.146 +- 18.765 [V]
lep = 1.748e+02 +- 8.804e-01 [NA] lep = 5.083e+02 +- 1.083e+01 [NA]
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Tel  Stability of Leakage Current vs Time

® |eakage current measurements from stripixel sensor
biased at 120 Volts for 22 days

- Good correlation between current and temperature
- Leakage current is stable

300 Long term test for 22 days =

Total Current [nA]

Temperature [C°]
&
||H||||||||||H|||

L=
-
L=
=]

200 300 400 500
Time in Hours
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JIREN'@ T otal Leakage Current Measurements

- Measure total leakage current of 1532 strips (1)
- Define | |, / #strip, where #strip = 12 x 128 = 1,536

strip =

; Itot = 302.0 +/- 9.7 nA

lsrip = 0.20 +/- 0.01 nA

The 625 pm sensors bonded to the SVX4 chip; leakage current : 0.4 nA/strip
well below the saturation limit of the SVX4 chip: 15 nA/Strip.
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PH  ENIX Radiation Measurements in IR PHENIX: Run 6

pin diodes

strip pixel

_____

ChipmunKs
l o i o

. .  PHENIX (Run6: pp) : Dose/Luminosity at 33 cm = 1.5 Rad/pb1
Total Luminosity delivered while that structure stayed in the IR: 12 pb

DIS-2009 total dose observed = 30 Rad
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JTREIN )& Radiation: 20 MeV Proton Beam at Tsukuba

149

. S [le 58,5

Al beam spreader
for wide beam
Thickness : 0.5 mm

\\
™,

Vacuum\._,.
—L chamber |
T—=F

'F | {h

20 MeV proton

Faraday Cup

'Illll.l

@ . / Faraday cup s
3 setup rotation H"“‘“-m._____________________J_,..»--*"" Magnet e =

1) Blank target : intensity
measurement of beam

2) 625um sensor (low flux)
3) 500 um sensor (high flux)
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el Fluence of 625 um Stripixel Sensor

m AV = ad (P=fluence, 1 MeV neutron equivalent fluence )

o : proportionality factor ( current related damage rate)
Vigta = 3 x 6 x0.0625 = 1.125 [cm?]
Al (20°C ) =3.3 107 [A]
= Calculating increase of single strip

Al, ,./1536=2.2 10-10 [A/strip]

total

®yoy = 9.9 10+ [N, /cm?]

® In the same way, fluences of diodes were estimated.
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el Leakage current of Stripixel sensor

3.3E+12 [N,/cm?]

PHENIX in RHIC2 for 10 years

-
o
n

én

L

-
o
-

Saturation

of circuit
15nA/strip

-
(=]
o

PHENIX IR
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)
s

—

=]
N
ry

ls1ip SENSOr leakage current [A /strip ]
%

10."’ L || lillo." | | 1012 3 1013 | I‘J|1014
deq from diode leakage current [Neg/cm?]

¢®_diode=2.43x10%2 [N,,/cm?]
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el Central Silicon Vertex Trackers “VTX”

Stripixel

Expected DCA resolution
cps . pions in 3<p;<4 GeV/c
« Specifications: zor

« Large acceptance (A0 ~2r and n| < 1.2) ol
« Displaced vertex measurement ¢ < 40 um rsof-
« Charged particle tracking o,/p ~ 5% p at high pT
» Detector must work for both of heavy ion and pp collisions. f

« Technology Choice I L S
« Hybrid pixel detectors developed at CERN for ALICE T M ™
« Strip detectors, sensors developed at BNL with FNAL’s SVX4 readout chip
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JTRENT)'@Conceptual Mechanical Structure (HYTEC Work)

Pixel - }gfﬁg \‘; }ﬂ;—— ;
layers y- Ny Ay ¢ _ Stripixel
B / z F '
é /& | ] layers
- / c ,’
¢ S |

R200.00 /

R140.0

End on view of VTX four layers

DIS-2009



DIS-2009

Each big wheel will
have 5 planes of

f, ~ read-out electronics,
L k= ] - with one cooling

VTX ROC’s ‘ ‘ |1 Bl Sl plate for each plane;
(| ¥ l ‘ I | inner one for strips,
N y— i Wf next three for pixels,

N
A
t-.

i

1
J W outer one for FVTX.

|

\
[
L

|
Lo 4

b -&%
FVTX -4 . ’
detector e 40.mm diameter
stations in Beryllium beam

each end VTX - pipe
4 layers ~ 21
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