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PH. ENIX Physics Motivations

Hunting the Quark Gluon Plasma The Collaboration of the four
ResuLTs o THe T 3 veads A7 RHIIC experiments: PHENIX, BRAHAMS,

CONCLUDE
that highly interacting medium

have been discovered In
most central Au+Au collisions
at 200 GeV

ASSESSMENTS BY THE EXPERIM

April 18,2005

PHENIX BRAHMS

ren Mational Laberatory, Upton, WY |
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-~ VATIONAL LARD TORY
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RHIC Scientists Serve Up “Perfect” Liquid

New state of matter more remarkable than predicted -- raising many
new questions
April 18, 2005
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PH ENIX

In the press

Science iran Daily _ A April 20, 2005 4

Early Universe Liquid-Like

ew results from a

particle collider

suggest that the
universe behaved Lke a
lignid in its earlisst
moments, not the flery
gas that was thought to
have pervaded the first
microseconds of exis-
tence, AP reported.

By revising physicists’
concept of the sarly uni-
verse, the new discovery
offers opportumites to

findings--which co
composition of thg
big bang—today in|
American Physica

There are four col
PHENIX, PHOBO
Brookhaven's Rel
(RHIC). All of the
interacting beams

another at great velocities, resulting in thousands of subatomic collisions every second. When

better leam how sub-
atomic particles inferact
at the most fundamental
level It may also reveal
Intrigning parallels
between gravity and the
force that holds atomic
nucler together, physi-
cists said Monday at a
Tampa, Fla., meeting of
the American Physieal
Society.

“There are a lot of
excifing questions,” said

Sam Aronson, assoclate
director for high energy
and muclear physics at
Brockhaven  NWational
Laboratory, which is
located on Long Island
about 65 miles east of
Wew Yoik eity.

Between 2000 and
2003 the lak's
Relativistic Heavy Ion
Collider, known as
RHIC, repaztedly
smashed the nucler of

zold atoms together with
such fores that their
snergy briefly generated
mllion-degres tempera-
tures. Fhysicists think of
the collider as a ftme
machine, bacause those
extrems temperature
conditions last prevailed
in the umiverse less than
100 mullenths of a see-
ond after the biz bang.
Everything was so hot
then that quaiks and glu-

the researchers analyzed the patterns of the atoms’ trajectories after these collisions, they
found that the particles produced in the collisions tended to move collectively, much like a
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
and extremely low viscosity of the matter being formed at RHIC make this the most nearly
perfect liquid ever observed."

ons, which are now
almost inaxtricably
bound inte the protons
and neufrons inside
atomic nuclel, wers
thought to have flown
around like BB: in a
blender.

But by reproducing the
conditions of the esarly
universe, RHIC has
shown  that uncon-
strained guarks and glu-
ons den't fly away mn all

directions so much as
squirt cut in streams.
"The matter that we've
formed behaves like a
wvery nearly perfect lig-
id." Aronson said

en physicists talk
about a perfect liguid,
they don't mean the best
glass of champagne they
ever tasted. The word
"perfect” refers to tha
liquid's wiseosity, a frie-
tion-like property that

affacts a fluid's ability to
flow and the resistance
to ohjects trying to swim
through 1t. Honey has a
high wiscesity; water's
viscosity is low. A per-
fect liquid has no viscos-
ity at all, which is impos-
sible in reality but useful
for theoretical dizeus-
510m5.

Theoretical physicists
have recently proposed
that material swallowed

Laboratory, say these particles predicted
were seen to behave as an almost perfect "liquid".

s of matter that is
more strongly Interacting than

bv black holes might also
have extremealy low vis-

cosity. That mnotion,
based on a branch of
mathematical physics

known as string theory,
has led some physicists
to hypothesize that there
might be a deeper con-
nection between what
happens in a black hele
and what goes on when
two gold nuelat collide at
RHIC.

The work is expected to help scientists explain the conditions
that existed just milliseconds after the Big Bang.
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PH ENIX

Experimental Evidences

Elliptic Flow Suppression of  Quark-Number
of Hadrons High-Energy Pions Scaling
V,(Pp,m) Raa(Pr)=(spec)an/(spec),, Vo(KEp,n,)
i..|||‘|‘||||‘|||||||||||||||‘|\||||||\|\_1_0l — T ——— l—llll_llllllllllllll-
0.18 E_ ciut;glﬁn-:eg;i[qur Hydro cur\'es.: ) L 0 PHENIX preliminary dN_/dy = 1000 ) 'g' ?x:pT[;I-':'EAr:;(] (b)
0.16 1. 200 Gev e Tc =165 MeV, _ A PHENIX 0 =+Z (STAR)
0145 | 4 200 GeV 1]+E_ T, = 130 MeV 1 0.8 —
F 200 GeV A+ R
0.12 :— Y 200 GeV Cascade ] J‘] él:'
0.1 1 oe} T .4}‘:3 =
0.08 1t # N
0.06 - IR G#'d]:- m = ¢
0.04 :_ e~ : i B ﬁﬂ
0.02F PHEENIX ~ STAR 3 I ) |
0 ; 1 Pl‘elimmﬁ ; = e : 1|7 @ ]
0.02 Erc bbb e b b 11
0 02040608 1 1.2 14 1.6 1.8 2 gob— 1 - 1 » I 1 ), | ] . Pl oo v b b b
4 6 8 10 12 14 16 18 20 Q 1 2 3
Py (GeV) KE, (GeV)
Collective Expansion:
, , Quark Enerqy-Loss: SPTEN
ideal hydrodynamics . Hadronization:

(QGP equation-of-state)

perturbative QCD
(gluon radiation)

qguark coalescence

rapid thermalization, “perfect liquid” = strongly-interacting QGP !?
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PH ENIX What Next?

@& Detailed study of the properties of the produr Q atter
- Does energy loss mechanism depend r X\~ .« mass?
- Does flow strength depend on mass s3> inass
=> |dentify heavy flavors (charm ar &O om)
- How is the jet correlation modi” Q arge solid angle?
- Jet shape recoiled against ~ r& .noton
= Measure charged partir’ Q_o‘drge solid angle

& Detailed study of nuc’ foA\‘\ucture

- A of charm an~ \2\ N production
=> |dentify che

6 . bottom
- Direct phe’ K 2t measurement to constrain parton level
kinema* @

= Me Qﬁ .ecoll jet in large solid angle

&

Vertex-2007 Rachid Nouicer - BNL



PH ENIX Heavy-Quark Probes at PHENIX

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

heavy quarks via single electron limited by systematic uncertainty because,
measurement < Huge background contribution
—n¥ and n Dalitz decay
. +_PHENIX: PRL 88, (2002) 192303 — 1y conversion (y-> e*e’)
| AurAu = e+ X (\s,=130 GeV) & Cannot Separate charm and beauty
10 (e contribution model independently
i i cméﬂirznas (x100) < Lifetime (ct) of mesons
— c—>e with charm and beauty

—
°I

.--- b —e (central) e« D¥=312mm, D%=123 mm

e BT =501 mm, B° =460 mm

wM2 7 1p ; dNZdp | dy (GeVic)

DY

©

Secondary vertex identification allows
us to suppress background on
,,,,, non-photonic electrons and will make it
________ possible to distinguish if an electron
R B originates from charm or beauty.

1M

I IIII|T|'| I IIIIIII| I IIIIIII| I IIIIIII| I IIIIIII| I IIIIIII| I IIIIIII| T T T

10_|||\||||||||\|||||||||\‘-\H'1‘~~ru|||
05 1 15 2

(=]

25 3
P_(GeVic)

Vertex-2007 Rachid Nouicer - BNL 7



PH ENIX Heavy-Quark Probes at PHENIX

- sQGP: energy loss, thermalization, v,
- Experimental tool: electron spectra D,B — eX

Nuclear Modification Factor Nuclear Modification Factor
) without VTX g expected with VTX
.« PHENIX: PRL 98, 172301 (2007) .51 i v ctboe
Ll single electrons s H s+ boe
el from heavy flavor decay 1= i c—e
0
08" Tl 0.6 T I
“-Gf— HHHHHH 045_ : T Tt !
04= HHHHHE ' - ML [
0.zf_ L % 0.2:— | l J
PrioeN p,(GeVic)
* factor 4-5 suppression! * VTX can separately measure
* perturbative QCD? Ru, Of b>e and c>e

Vertex-2007 Rachid Nouicer - BNL 8
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PH ENIX Heavy-Quark Probes at PHEN

°'m =4 E 2a\l v =5 a\/ S>> T ~ 20NN ANMa\/
charm™ 19 BCV, ilipoitom™ Y PCVv ~~ 1 ~ JUVU Vv
« sSQGP: energy loss, thermalization, v,
* Experimental tool: electron spectra D,B — eX
Elliptic Flow E— Elliptic Flow
without VTX — expected with VTX
014 + cibe
PHENIX: PRL 98, 172301 (2007) -
%N o_z_.(.b:)::::l:::I::::I::::::,:::I::::I::_ 0.12:_,b_>e T L-____
> E " DEDHAA,pT>4GeV/c E - ce T —
0-15:_ minimum bias + n 1lv, pT>2GeV/c _: 0-15_ T/J/J J
- o &R, et ViF E 0.08:— I I/l
01: ,..E N 0.06— g
- : TN - - f
0.05[— Al - 004 /
X2 PHCENIX | °* |/
e | --| ....... 1 eeb
e R S T S SR R of
pT[GeV/c] _0.02: | | | RN N A PPN O [IPRY PRI AR | FRNRFIIN EPA
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
pr (GeVic)

& substantial collectivity
& heavy-quark interactions?

Vertex-2007 Rachid Nouicer - BNL 9



PH ENIX PHENIX detector : present

w Pioneering High Energy Nuclear Interaction eXperiment

> 2 central wl » ]
spectrometers ‘ / scavaeml /7
Photon, hadron, electron FLL ey Ve 4
M|<0.35, Ap=n | =
> 2 forward
spectrometers

u detection
1.2<|n|<2.4, 21t in ¢

> 3 global detectors | A

- Luminosity Monitoring iy Ws.se--s Vi
(BBCN,BBCS) » S 7/, ,
- Centrality (BBC vs ZI y
- Local polarimetery (Z
SMD)

Vertex-2007 Rachid Nouicer - BNL



PH eNIX Central Silicon Vertex Trackers “VTX”

Stripixel

7]

Expected DCA resolution

nnnnnnn Veen_ <A (a\ll~
& OSToVvVIiL

= guu = Miviio 1 vpMT
» Specifications:
Large acceptance (A¢ ~2 7w and [n| < 1.2) :
Displaced vertex measurement ¢ < 40 um

* Charged particle tracking 6,/p ~ 5% p at high pT
* Detector must work for both of heavy ion and pp collisions. -
« Technology Choice :

» Hybrid pixel detectors developed at CERN for ALICE

PR |
-B.IIIS -0.06 -0.04 -0.02 0 a

0.04 006 O
DCA, cm

» Strip detectors, sensors developed at BNL with FNAL’s SVX4 readout chip

Vertex-2007 Rachid Nouicer - BNL 1



PH ENIX Barrel VT X Parameters

Pixel detector Strip detector

VTX Layer R1 R2 R3 R4
Geometrical R (cm) 25 5 10 14
dimensions
Az (cm) 21.8 21.8 31.8 38.2
Area (cm?) 280 560 1960 3400
o, Channel count Sensor size 1.28 x 1.36 3.43 X 6.36
e R xz(cm? (256 X 32 pixels) (384 X 2 strips)
'||' Channel size 50 x 425 pm? 80 um x 3 cm
I (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 . 5
(XIX0) Readout 0.16% 0.64 %
Bus 0.28%
” H Ladder & cooling 0.78% 0.78 %
o H T H T Total 1.44% 21 %
| I Layer radius Detector Occupancy in Central Au+Au collision
- Layer 1 25cm | Pixel 0.53 %
__ [ :
” H Pixel | Layer2 50cm | Pixel 0.16%
H H } Strip Layer 3 10.0cm | Strip 4.5 % (x-strip) 4.7 % (u-strip)
¥ " Layer 4 14.0cm | Strip 2.5 % (x-strip) 2.7 % (u-strip)

Vertex-2007 Rachid Nouicer - BNL
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PH ENIX Silicon Pixel Detectors

ALICE1LHCDb readout chip:

: active area
+ Pixel: 50 pm (f) x 425 um (2). Ard®
+ Channels: 256 x 32. 1.28 cm = 50mm x 256
« Qutput: binary, read-out in Az

25.6us@10MHz. 1.36 cm = 425mm x 32

+ Radiation Hardness: ~ 30Mrad

Sensor module:

*+ 4 ALICE1LHCD readout chips.

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

+ Thickness: r/o chips 150 ym

Half-ladder (2 sensor modules+bus)
+ 1.36cm x 10.9 cm.
+ Thickness bus: <240 ym.

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

FEM (interface to PHENIX DAQ)
+ Read/control two SPIROs
#* |nterface to PHENIX DAQ

Vertex-2007 Rachid Nouicer - BNL
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PH ENIX Silicon Pixel Detectors

Status: Pixel Stave

e e UR\
I Glued I
Glued
)ﬁ

Support & Cooling : Stave

w Prototype stave has been delivered by HYTEC recently:

Vertex-2007 Rachid Nouicer - BNL
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PH ENIX Silicon Pixel Detectors: Cosmic Ray

- 3 layers of pixel half ladders, read-out by a pixel FEM
- The spacing between the layers are ~ 6¢cm per layer.
- A half Ladder = sensor+ROC+bus+bus-extender+SPIRO

< Second cosmic ray test using the final prototypes
are underway at Stony Brook now

Vertex-2007 Rachid Nouicer - BNL 15



PH ENIX Silicon Sensor Stripixel Concept

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

® R. Nouicer et. al., NIM B261, 1067 (2007).

@@@ <—+DC-Coupled silicon sensor
_— <€—-Sensor is single-sided

- Pixel array : 80x1000 pym? pitch <€—- A pixel is formed by two
Spiral p+ electrode : independent interleaved
S5 Mm line, 3 um gap, 5 turns _
(a and b) implants

<—- 2-dimensional position
sensitivity by charge sharing

I Diffused charge cloud

apixel p pixel

Vertex-2007 Rachid Nouicer - BNL
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* a-pixels are connected to form X-strips, and b-pixels are
connected to form stereo-angled (4.6°) U-strips

« Pixel array : 80x1000 um? pitch

a-pixel b-pixel

U strips (connect b-pixels)

b-pixels interconnect

Diffused charge cloud \

—

X strips (connect a-pixels) "IE‘ET E'r

—

N —— [ —— [

= I__ = =t

a-pixels interconnect

Vertex-2007

Rachid Nouicer - BNL
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PH ENIX Silicon Sensor Characteristics

Sensors produced by HPK
Point symmetric structure of readout lines wrt the center of the sensor

Readout pads in longer edges for
ladder structure design

No dead space in the middle
Sensor size : 3.4%6.4 cm?

Pixel array : 80%x1000 pym? pitch
w # readout strip

X-strip : 128x3x2

u-strip : 128x3x2

Total : 1536 channels/sensor

SO0 COQ

@ Note: Stripixel sensor technology,
including the mask design and e ————
processing technology has
transferred from BNL to HPK.

Vertex-2007 Rachid Nouicer - BNL 18
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PH ENIX Total Leakage Current Measurements

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

0.01

“Lu.nus E
= =
=0.005 |

o E

I'TA]

g

The 625 um sensors bonded to the SVX4 chip; leakage current : 0.4 nA/strip
well below the saturation limit of the SV X4 chip: 15 nA/Strip.

Vertex-2007 Rachid Nouicer - BNL 19
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PH ENIX Stability of Leakage Current vs Time

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

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

|—
®)
>
Q
e
@
-5
3
=
)
%)
~
*
@)
-
N
N -
Q |
)
<
)

Total Current [nA]

Temperature [C°]
S
AIII|IIIIII|IIIM

o
-
=
o

200 300 400 500
Time in Hours

Vertex-2007 Rachid Nouicer - BNL
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PH ENIX 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
i
<4
3 1.E07
£
£ 1.E08 ra
5
© _/
1.E-09 1= =
1.E-10 - ‘ ‘ ‘ ‘ ‘ ‘ \
0 16 32 48 64 80 96 112 128
Strip #
Capacitance vs Strips # at 200 V
8.00E-12
7.00E-12
_ 6.00E-12 1
—_ )
3 %
¢ 1E-06 € 500612 |
a £
13 @
< L § 4.00E-12
§ W "é . |
E 1.E07 g
° / O 200E-12 -
1.00E-12 1
1.E-08 ‘ ‘ ‘ ‘ ; 0.00E+00 ‘ ‘ ‘
0 50 100 150 200 250 300 0 16 32 48 64 80 9% 112 128
Volatge [Volts] Strip #
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PH ENIX IR Laser Tests Results

& Silicon module Prototype

0 S/N ~ 20:1 for 625 um thickness

0 Charge-sharing test w/ IR laser pulse
injection
» Large spot size in the present setup
» Focusing length (8 mm) was too
short to shine only one pixel in 625 pm
thick sensor.
o0 Planned: possible solution is to use
a radioactive source, cosmic rays and beam.

X and U strips are interleaved

N S I IS I I

N i i I I I
L & yio o= = o o | T ot
SVX4 channel SVX4 channel

Vertex-2007 Rachid Nouicer - BNL




PH ENIX  Status: Stripixel Detector Prototype

3 Step #1 _ Step #2 Step #3
Silicon sensor +CFC + cooling CFC + Cu shielding Readout Card “ROC-2

(4 — —

Vertex-2007 Rachid Nouicer - BNL
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PH ENIX

- Silicon Stripixel Module
used ROC prototype

- Silicon Stripixel Module
was wire-bonded
at FNAL

- Note: only outer pads
are wire-bonded

Pedestal for one channel

2 [ [ T | T T T | T T T 'l T T T I T
5140~ —— not wire bonded ]
g (not connected to SVX4)

120~ wire bonded =

I~ = (connected to SVX4)

o 20 a0 60 80 100 120
adc counts

Vertex-2007

L__

Module with
DC-coupIed sensor (VTX)

Noise vs. channel

Status: Stripixel Detector Prototype

Pedestal vs. channel

20

mot wire bomded
(not connected 1o SWX4)

wiro bonded
{connactad 1o SVWX4)

4o &0 20 100 120
channel D

Rachid Nouicer - BNL

@ netwire bonded
(not connected o SVX4E)

wira bonded
(connectad 1o SVXd)

&0 80 100 120

channel 1D

24
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PH ENIX Radiation Measurements in IR PHENIX: Run 6

pin diodes

strip pixel " i - —

I ji‘, e

=
] ==

B 1R
S | i
ChipmunKs
I ..H'f;ﬂu-——-—

o PHENIX (Run6: pp): Dose/Luminosity at 33 cm = 1.5 Rad/pb-!
L Total Luminosity delivered while that structure stayed in the IR: 12 pb"
Vertex-2007 total dose observed = 30 Rad
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PH ENIX Radiation: 20 MeV Proton Beam at Tsukuba

143

= [cm] 56,5 Al beam spreader
for wide beam
Thickness : 0.5 mm

Vacuum
chamber

20 MeV proton

3 setup rotation

1) Blank target : intensity
measurement of beam

2) 625um sensor (low flux)
3) 500 um sensor (high flux)

Vertex-2007 Rachid Nouicer - BNL 26



PH ENIX Leakage current of Stripixel sensor

3.3E+12 [N, /cm?]

PHENIX in RHICZ2 for 10 years

]

-5

P

&

10

7.4x10°8 [A]

L,

Saturation
of circuit

15nA/strip

PHENIX IR

R A gl LI T B LT R LR g LT

lsip SENSOr leakage current [A /stri

101u | L.l..L.] Ijllo11 ] l‘IIl012 3 | I‘lllo13 | L..l.l II‘JIlo14
deq from diode leakage current [Neg/cm?]

®_diode=2.43x10% [N, /cm?]

Vertex-2007 Rachid Nouicer - BNL 27



PH ENIX Conceptual Mechanical Structure (HYTEC Work)

Basalinedesign for theVTX and FVTX detectors,

0 i

!

Each big wheel will

i l E /~ have5 planes of
FVTX-R()(:/v il = ﬁ . read-out electronics,
= | '

(| with one cooling

il i N plate for each plane;

. i‘ inner onefor strips,
' : next three for pixels,

i B f" K [" | W outer onefor FVTX.
< A .JI '& !Li‘ | i
(17 4 4

VTX ROC’s ‘

l - T.;t .
) b i

-

FVTX -4

detector 40.mm diameter
stationsin Beryllium beam
each end VTX — pipe

4 layers~2r

Vertex-2007 Rachid Nouicer - BNL
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PH ENIX Conceptual Mechanical Structure (HYTEC Work)

Pixel ——f—— - |
. | ' !'
I

layers 'f | i

Stripixel
layers

1

1 R200.00

R140.0 ~
-~

R25.0
R50.0

R100.0

v

End on view of VTX four layers

Vertex-2007 Rachid Nouicer - BNL
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PH ENIX Summary

@ 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

@ DOE approval for October’06 start of the project

< Pixel detector
- Working on the first prototype ladder

@ Stripixel detector
- Working on the silicon module with ROC-V2/3

@ Installation complete in fall 2009/2010

- early partial implementation will be possible

Vertex-2007 Rachid Nouicer - BNL



PH ENIX

Auxiliary Slides

Vertex-2007 Rachid Nouicer - BNL 31
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PH ENIX R&D : Prototypes Sensors

® 1st prototype sensor 18t prototype sensor

- Spiral p* electrode : 8 um line,
S5 um gap, 3 turns

- Thickness : 400/250 pm
- R/O chip: VA2 (analog multiplexer)
- Tests w/ source & beam

- S/N: 17:1 for 400 pm thickness

Au wire-bonding \

- 2-D sensitivity need improvements. Control+Signal

® 2nd prototype sensor

- Spiral p* electrode : 5 um line,
3 um gap, 5 turns

- Thickness : 400/500 pm
- R/O chip: SVX4(CDF SVX4 hybrid)
- Tests w/ nano-sec pulsed laser

- S/IN: 14:1 for 500 pm thickness

- Laser signals were seen o

Vertex-2007 Rachid Nouicer - BNL 32
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PH ENIX DCA

_ Expected DCA
< What is measured? resolution of VTX

Distance of Closest 250~ T
Approach (DCA) 20at 200 GeV

150

Mean -6.093e-20+ 1.231e-08
Sigma 0.003731+ 0.000079

= ——1

6~ 40 um

100

50

T R R R R R a| I

006 -0.04  -0.02 0 0.02 0.04 0.06 0.08
DCA, cm

=)
S T T TT
ol

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.

Vertex-2007 Rachid Nouicer - BNL 33



PH ENIX Radiation Measurements in IR PHENIX
< Measurement obtained from silicon stripixel sensor

Before irradiation After annealing

==

= N W &k o O < @ W o
LU LI AL LI BN LAY AL AL L L

;oo =~ @ w o
T[TTTT[TTTI]TITI]TTT TTT

1/C? [nF7]
IINI Ilmlll'lhlll

-
TTTTT

| [nA]

0 50 100 150 200 250 300 o 50 100 150 200 250 300

Viias [V] IV;.ia vl
Vi = 54.820 +- 13.874 [V] Vip = 26.146 +- 18.765 [V]
lep = 1.748e+02 +- 8.804e-01 [nA] lrp = 5.083e+02 +- 1.083e+01 [nA]
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PH ENIX Fluence of 625 um Stripixel Sensor

m A/V=a®d (®=fluence, 1 MeV neutron equivalent fluence )

o : proportionality factor ( current related damage rate)

m V. =3x6x0.0625=1.125 [cm?]

(o] =]
m Al (20°C) =3.3107 [A]
= Calculating increase of single strip

Al,_,./1536=2.2 10-10 [A/strip]
m ag =310 [A/lcm]
m D, =9.9 10*9 [N, /cm?]

®m In the same way, fluences of diodes were estimated.

Vertex-2007 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

H

'

o+

e O ,:'(

N—[’y Ionization

Charge collection s ((

Al
HV ' \
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