*\/—
PH-<ENIX

Al

RHIC PHENIX

RCNP

PIXEL

PHENIX/VTX group

V. Rykov

-~

o



Spin physics

Only 1/4 to 1/3 of the proton spin iscarried by quarks.
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Investigating nucleon spin structure by polarized proton-proton
collider to utilize quark/gluon as probe, instead of lepton DIS.
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— Heavy flavor identification
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QGP physics

QCD energy loss and Debye screening in QGP depends on flavor.

*Production cross section of quarkonium such as J/y ,y' in QGP
are suppressed via gluon dissociation.
*R,, measurement for open charm and bottom.

With tight displaced vertex cut

«Separatecand b

«Separate B - Jy - ee and prompt Jy

With loose vertex cut to reduce light meson decays
*Reduces background in open charm measurements
*Reduces combinatorial background in quarkonium
Improved momentum resolution

«Jy and ' separation

*Upsilon states separation

- Heavy flavor identification
— Displaced vertex



Requirementsfor VTX

Physics side

e High precision tracking for displaced vertex measurement.
40um displaced vertex resolution, ct =123um(DY), 460um(B°)

» Largecoveragetracking capability with momentum resolution
(In|<1.2, and full azimuthally with o/P ~ 5% P)

Environment side
* High charged particle density dN/dn ~ 700 @n=0 (Au-Au)
 High Radiation Dose ~100K Rad@10Y ear s
e High Luminosity 2x 10%2cm-1si@pp
Level 1trigger rate< 25 kHz @PHENIX-DAQ
readout all datain ~40 s
 Low Material Budget 1.2%/layer
Avoiding for multiple scattering/y conversion



PHENI X Detector

The Pioneering High Energy Nuclear Interaction eXperiment

*Good particle ID
*High resolution
*High trigger rate
*But not large
acceptance




VT X Detector

O Barre region

- |n|<1.2, amost 2x in ¢

-Pixel sensor at inner 2 layers (r = 2.5, 5.0cm)
-Strip sensors at outer 2 layers (r = 10.0, 14.0cm)
O Forward region

1.2<|n|<2.7, 2pin ¢

-4 layers of mini strip (50 x 2000 to 11000 pm)
-Trigger capable

Barrel in r-¢
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Hybrid type plxel sensor is adopted in PHENIX.
RIKEN pixel group is assigned to manufacture all staves.



Expected Perfor mance

Layer radius Sensor Occupancy

Layer1 | 25¢m Pixel 0.53 %

Layer 2 | 5.0cm Pixel 0.16%

Layer3 | 10.0cm Strip 4.5 % 4.7 %
(x-strip) (u-strip)

Layer4 | 140cm | Strip 2.5 % 2.7%
(X-strip) (u-strip)

Expected occupancy at Au-Au
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Components of pixel detector

Al-Polyimide Bus Readout \

Epoxy glue
Pixel sensor
--ﬁﬁﬁs} aladder

pixel r/o chip

Epoxy glue

/

Support (C/C) Half stave
A full staveisconsisted of 2 Buses + 4 ladders + 1 support.

A half staveiséelectrically independent from the other.



Pixel sensor

— p-in-n type silicon sensor (5" wafer)
— Thickness of the sensor is 200 um

— 32 x 256 (x 4) pixels (8192 x 4 pixels)
— Pixel size match with size of cell in r/o chip

« (50 x 425 um?)
— Active area : 12.8 x 13.6 mm?
— Sensor bias voltage ~ 50V

pixel sensor wafer | %

.

Layout of a 5” silicon sensor wafer

picture of a corner of
a pixel detector sensor
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Readout chip

e ALICEV/LHCB chip

Ch|p size 13.5mm x 15.8mm x 150um
* (Active area: 12.8mm x 13.6mm)

« CMOS 0.25 pm (8" wafers)
8192 channels (32 x 256)

— 4-event buffer; 10 MHz clock o [ A e
— radiation hard up to ~30 Mrad i |H :? l
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Threshold test for readout chip

Threshold distribulion
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Bump bonding

e Readout chipsarethinned downto 150 umat VTT

* |nterconnection with micro-soldering between pixel
sensor and readout chipsto bedoneby VT T/Finland

Sensor

/Bump bonding

L adder /
NS O

Self-aligned ~2,3um




Sourcetest

Readout bonding pad

ul Readout chip

14mm

Pixel sensor
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Bus structure

5 layers structure Wire
* GND, Power and 3 signal lines bonding | < 240 pm
|
Final planed 200 pm

0O 0000000000 (13um)

Signal-l 3 iim Cu

150 pm

Siina|-2 3 im Cu Signal 1; (for Surface Mount Device)
Signal-1 and Signal-2

Signal-3 3 um Cu is connected with through hole

Signal 2; (Vertical line)

line connected with
pixel chip with wire bonding

Power 50 um Al

Signal 3; (Horizontal line)

send signal to Pilot Module connected
with vertical line with through hole
GND 50 um Al Line spacing; 70 um pitch
Material Budget; Total ~0.12 %



Cu-Polyimidetest bus and extender bus

Cu-Polyimide Bus Cu-Polyimide extender b
4 Readout system
Wire bonding Connector
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Readout scheme

/5cm —

Pilot module

Digital
[o]|[e] WARS][@:

Digital
pilot ASIC

Parallel
32x4bits@10MHz . 1 0
©

Q

60m

'Optical data Iink>

256 rowsx 2 chipsx 100 ns =51.2 us Clock FEM
«Digital pilot ASIC Command PHENIX DAQ

*Sending commands to Pixel R/O chip
*Receiving data from Pixel R/O chip
*Send data to Front End Module
» Gigabit Optical Link chip
» Serialize and transmit data with 1.6 Gbps

« ANALOG pilot chip
*Supply reference volt. for Pixel R/O chips Pilot module




First half stave assembly
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Relative alignment btw. Ladders
py 3D measuring machine
(Borrowed from KEK-ATLAYS)

Bonding machine
owned by RIKEN

All assembly procedures are done by hand at Hayashi-Seimitsu Co.
Visual Inspection of wire-bonding was done and there were no problem.



Summary and Plan

The Silicon vertex tracker will be implemented into
the PHENI X detector in 20009.

R& D and Production are on going
— Readout chip probing test

— Ladder probing test

— Development of readout bus

— Development of readout system

— Pixel stave assembly

Second half stave will be assembled on Feb 6, 2006.

First combined test with half stave and r/o system on
Feb 15, 2006.

Test beam on Spring 2006



