Alternative Detector Concepts
for the PID Upgrade
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An Up graded Detector

SC solenoid A N Aerogel Cherenkov cnt.
1.5T = e >' R N n=1.015~1.030

CSI(T]) | - | - 3
16X0 | =8 = \%&{ggy e
L S » = e ‘\:Y’J)
TOF counter

8 GeV ¢y '
g

s \CAntral\Bl:ift Chamber
2 ~_~small cell +He/C,H,

Si vtx. det. n/ K, detection
4 layer DSSD 14/15 lyr. RPC+Fe

* 3 ways to improve:
— Pixel detector

— Hermuticity

— Particle Identification
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Particle ID observables




Upgraded detector

- PID (n/K) detectors
- Inside current calorimeter
- Use less material and allow more tracking volume
—> Available geometry defines form factor

Barrel PID Aerogel RICH
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# of sigmas

20

Particle ID Techniques
e BaBar DIRC 1s the starting place

Expected /K separation

Jerry Va’vra
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BaBar DIRC

= Test beam data: Japanese Aerogel Forward RICH (Krizan)

\ RN

P ', \y —e— dE/dx (n=100, t=1.2cm, 1 bar, B0%He-+20%C4H10)

I B i" __________________________ - ® - TOF (2 m path, sigma = 1 ps)
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8 R S le;}. - B - TOF (2 m path, sigma = 10 ps)
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MC: Russian Aerogel Forward RICH (& layers, normal inc., 1 ring)

MC: Russian Aerogel Forward RICH (6 layers, 30 deg dip, 1 ring)
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3-D Detector Concept (Blair Ratcliff)

Precisely measured detector pixel coordinates and beam parameters.
— Pixel with hit (X4, Y4err thie) defines 3D propagation vector in bar
and Cherenkov photon properties (assuming average A)
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path> Dyouncess Yoo Les propagation

Always doing some type of focusing
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Fast Focusing DIRC Concept

pi/K separation [sigmas]
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Focusing DIRC Prototype Optics

Focal plane
Calibration Fiber

Detector -

Fused Silica bar

* Radiator:

— 1.7 cm thick, 3.5 cm wide, 3.7 m long fused silica bar (spares from BABAR DIRC).
« Optical expansion region:

— filled with a mineral oil to match the fused silica refraction index (KamLand oil).

— include optical fiber for the electronics calibration (PiLas laser diode).
* Focusing optics:

— a spherical mirror with 49cm focal length focuses photons onto a detector plane.



Focusing DIRC prototypereconstruction

Prototype coordinate systems: Geant 4 simulation of the prototype:
Detector
‘ Center of MCP in det, slot 4 |_ _____
A single pixel _

U

Each detector pixel determines these photon parameters for average A

0., cos a, cos f3, cosy, Photon path length, time-of-propagation, number of photon bounces.

Use full GEANT4 simulation to obtain the photon track parameters for each pixel.
(it is checked by a ray-tracing software)
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Focusing DIRC Prototype (T-492)

Beam spot: ¢ < 1mm N
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Cherenkov Photon Signal (2006)

* 10 GeV/c electron beam data
« approx. 7.7M triggers, 560k good single e events

« ~200 pixels instrumented .
« Ring image is most narrow in the Position 1 | photons "
3 x 12 mm pixel detector (H-9500 in slot 3)  —

reflected photons

Position 6 -

6=10.4mrad

time (Ins)

Burle 85011-501

Burle 85011-501

Burle 85011-501
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Chromatic dlspersmn
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Cherenkov Angl e Resol ution

3.1.2006

- Cherenkov angle resolution = f(L._path)
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Issues with current PID options

Basic TOP

— Performance optimal ?
— Robust against multiple particle hits

Focusing TOP
— Acceptance gap

— Complicated image reconstruction

Fast Focusing-DIRC

— Works very well
— Mirror(s): might not fit, additional aberrations(?)

Some alternative?
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imaging TOP (1TOP)

Concept: Use best of both TOP

(ttiming) and DIRC and fit in

Belle PID envelope Drawing by

Marc Rosen(UH)

Side view of crystal

charged particle
eC cherenkovangle
crystal /

K
/[onsr
pP
WM /n"
q;
backward-going - L

———=> z-component of unit velocity

-
L

BaBar DIRC
T
J TSl L e * Use new, compact sol1d-state photgn
e toom I detectors, new high-density electronics
e » Use simultaneous T, Oc [measured-

predicted] for maximum K/ separation

Bars compatible (though thinner) » Keep pixel size comparable to DIRC

with proposed TOP counter



imaging TOP (1TOP)

10mm thick bars /1 0o

Acceptance gap: 2.4%




Schott F5T (n=1.84T)

Taper angle = 40.3 deg.

bar (n=1.45 +
lem i
AR coating

Simple refractive focusing  29mm
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Stand-Off Block (SOB) Coupling

[ iTOP: <N1>=1.473 |

transmission coefficient

SEEEE RN

44 x 92 pix/plane = 4048 channels
16 bars x 2 ends x 4048 = ~130k channels
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GEANT4 Simulation

C]  viewer-0 (OpenGLImmediateX) (on fish21.fishnet.hawaii.edu) [=)[3][x] Kurtls lehlmura

T Y
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Timing comparison

Time [ns] vs. x-position [mm] \ Time [ns] vs. y-position [mm)] I
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Separation Concept using Log £

90 degrees (normal incidence)
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Quantitative Separation using Log £

Separation comparison - 2 GeV |

—e— 2GeV - (x.t only)
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Key (common) PID R&D Items

e Quartz (crystal) radiator bar production

e High performance Timing readout

* Good single photon timing detector
— 1.5T field operation

— Radiation hardness

— <50ps Transit-Time Spread

* Triggering possibility?

(ToF trig replacement)
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Highly Integrated Readout

ASIC

SiIPMs/ABDs

Carrier Socket Tiled Array

ﬂ;ﬂ
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r Y
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Integrated
Photodetector

‘I‘i'

packaging Gen. 0 Prototype (LAB3-based)




Readout Electronics using
“Oscilloscope on a Chip”

Amplitude [V]

0.2

Ov-—w-‘

NIM AS83 (2007) 447

*
0.2 &
]
N |
0.4 " 4 + scope [2GSa/s]
' LI = STUD [2.56GSa/s]
(I
0.6 .
-
ot
0.8 TJ. :
LABRADOR | Commercial
-1 ' I Sampling speed 1-3.7 GSa/s 2 GSa/s
0 20 40 :
Bits/ENOBs 12/9-10 8/7.4
Time [ns]
Power/Chan. <=0.05W 5-10 W
LABRADOR ASI|C  Cost/Ch. $10 > 1k$




Storage Depth in [us] at 10GSa/s
Sampling

100

=
o

[

0.1

« ASIC costing well understood, very competitive!

Storage Depth Capacity

Array Linear Dimension [mm]

Cost Estimates

arXi1v:0802:2278 (NIM 1n press)

Cost per Channel [2007 $]

BLAB ASIC cost estimate

1000

100

=
o

=

0.1
10

100

Based on actual fabrications
or quotations from
foundaries

1000 10000

Total Number of System Channels

100000

1000000
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BLAB improved timing performance:
Agilent Pulse Cross-Correlation Method

Comparable o [em
performance to best
CED -+ HPTDC Vs
MUCH lower power, =
no need for huge cable
plant! R
Using full samples A = E
significantly reduces s
the impact of noise w0
Photodetector limited e

~4.5 ps per 1 D;

fss

29
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Triggering Capability
Currently TOF system provides precision
timing trigger

* To reduce window size
(silicon readout deadtime), a
fast trigger with good timing
performance and high
efficiency 1s desired

8'605L2

e Can do with new 1TOP
detector?

 Easy to include trigger
functionality to BLAB2 ASIC ,,




e 50% PDE Trigger Simulations

— 350nm UV cutoff

_ Perfect bar e To be conservative, use much

lower threshold in estimates

[  Forward Region | (MCP-PMT)
S mE [e2Gevk- o
E m |_* 2GeVpi- .3.03'
S
g Lo
- =
% 100 —
=
> E %
P  oB0BC0I0sE00BADELAEIRILIEE . - e

140
Incident Angle from IP [deg]

]
]
o
=
2]
o
(2
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(Average hits in rear detector) x PDE
g B
I|I|III|I|I‘|I|||II|II|||II|II
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./
L

ce = ’WWW———

Incident Angle from IP [deg]



Trigger Stmulations

e Assume 50um pixel (MPPC) as reference
— 270kHz dark count rate
— 44 x 92 = 4048 pixels/plane (2 planes/bar)
— If require Nhits >20 (in 4ns window), 2ns pipeline

= 1 Singles rate < 10Hz
© 40
0p)
& o
10
— Real charged track
2 0 rate dominates
=
L% 10°

X-ray/gamma background
Negligible
IEEE TNS 49 (2002) 1705

-
o
w

-
(=1
]

-
o

| I25I I 1 I30

Nhits 1n 4ns window
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Trigger Simulations (better TTS)

Rate can Increase

— 1MHz dark count rate
— 44 x 92 = 4048 pixels/plane (2 planes/bar)
— If require Nhits >30 (in 4ns window), 2ns pipeline

2 Entries [2ns bin]
o [T I IIIIIIIT I IIIII]Tr.I I IIIII-I-IT I IIIII‘IIT‘ [T TTTT

=9
(=]
o

Singles rate 0.5MHz

Real charged track
v| | rate dominates

L,=C(3,32) L3 1
9.9kHz && CDC

25 30

Nhits 1n 4ns window
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Trigger Timing?

e Use FPGA (simple) pattern recognition to improve

e 25cm segments ~ 2ns trigger timing, within 200ns 34



Studying
Mirror/reflective
optics for a tight
space requirement

Time of Hit Signal Arrival
(Bin Size is 12.5 ns)

. 7 s v < R e

- hittimes | | = Y e
for all | i, "
triggered

events

I

200 400 600 800
Time From Matching Window Start (ns)

Algned with supstlayers 1.3

Aigned with supesplapers 2.4
B YYD
A A A B A

High-n SOB
/refractive optics

e e

e L,




Beam test plans

Giga-bit
Fiber

BLAB2

BLAB2

BLAB2

—
=
—>

BLAB2

—>

MCP

MAIN o

test only!

cPCl

Crate

(Linux)

+ Up to 7x64 channels per ¢cPCI card
+ CAMAUC card for SLAC beam test

» Up to 32,256 channels/cPCI crate

CAMAC
*

Backplane

* T-979 [FNAL]
* ps TOF (June)

T-979 Configuration
for BLAB1 based readout

1
B =BLABI ASIC I b e .
: . B =Trigge |'1'L<|

ilinx FPGA (Virtex=N) ™ Eer

* TOF (July)
 Full (~500 chan)

Very cost effective, board hardware

already exists

o fDIRC [autumn]

* Fuj1 beamline
* 1ITOP prototype y
|autumn |



Summary

Barrel geometry leads logically to
some type of stave/bar configuration

* R&D this next year on optimal configuration

* Critical 1ssues are radiator and photo-detector

e Plan to test 640 channel readout system by fall —
extendable readily to 10-100k system

* Precision timing trigger from PID @ T=0

* Cosmic/beam tests in preparation for TDR /

PID Shoot-out




Back-up slides

s 5 (€] I T:3BRIAN
TFHIIIIII.IIIIIIIIIEIII_'IIIIIII--

=

L

S e

38



| tdc_2:adc_2 {tdc_2>15&&tdc_2<35&&adc_2<12} | tdcadc15
. . Entries 21953
TDC vs. ADC for signal in run 27 » r{Meanx 5351
Mean y 19.32
RMS x 2.813

, . . RMSy  0.6086
Larry’s offline correction method seems to olis880 0
come close to correcting time walk. = o] 106

ntegral

Some over-correction, some under-correction.,
more can be done offline with charge info.

Jochen Schwiening

analysis (preliminary) 0 2 A 6 5 10 12

~

9]

£ [1dc_5:adc_5 {tdc_5>15&&tdc_5<35&&adc_5<12] | tdcadc29

O Entries 5435
Mean x 5.385

E Meany  20.55

= RMS x 2.796

RMS 0.4993

| tdc_5:adc_5 {tdc_5>19.5&&tdc_5<21.5&&adc_5<12} | £ ol 313 o
———— 0/ 5021 0
21.5 o/ 101
Integral
— [

20.6

-J
+++++++_+_++ ALRR LA Hyttt | It

—o—H—t—o-|||||_
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fDIRC Readout System Upgrade

Giga-bit
Fiber

CAMAC

yynahhaabanbiy
L G NN

For
beam-
test only!

cPCI

=P Crate
(Linux)

: CAMAC
« Up to 7x64 channels per cPCI card CARD

e CAMAC card for SLAC beam test

Backplane

Very cost effective, board hardware g
« Up to 32,256 channels/cPCI crate already exists




T-979 Configuration
for BLAB1 based readout

O _
= Gbit fiber link i
B =BLABI ASIC ! — Trigger (TBD) 1 = Network conn
Bl = Xilinx FPGA (Virtex—N) g _ b ¢ Clock (TBD) ~ § =Power
Sci—Fi Sci-Fi
PMT pmT lPMT lPMT
Hodoscope? Hodoscope?
Control Room —
cPCI crate
Transceiver card —] . O
o - Large (TB)
PCI backplane / Ml D)
cPCI (embedded) CPU

online monitoring (laptops) —
ethernet (localnet)
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Photon detector options

* HAPD HAPD
— Good result from test bench with ASIC readout
— Stability? Need more production R&D

« MCP-PMT

— Good TTS for TOF information
» <20ps TOF resolution
* Good ability for low momentum PID

— Need lifetime estimation

 SiPM/MPPC
— Good stability, Enough gain but only 100ps TTS

— Need large effective area or light guide to make
~5x5mm? anode

— Need gated readout because of high dark count
(<~MHz)

— Radiation hardness?




Readout ASIC tiny
(14x14mm for 16
channels)

Shaahhahhahbaseiy
S Jahannhhnnabhniae 3t

 What gain needed?
— At 10 gain, each p.e. =160 fC Gain Estimate

— At 2x105 gain (better for aging), each p.e. =32 fc _Rterm | 1p.e.peak
50 ImV

— In typical ~5ns pulse, Vpeak = dQ/dt * R = 32UA 1k 20mV
*R=32mV * R [kQ] (6.4mV) 20k 400mV
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SLELOFE Label ==

-File Edit Graph Axis Trace Marker Zoom Tools Help

Simulated amplifier Performance

NEWRGE RV IA8 shrmane | ban 23 15 9 2998 [155]

Transient Response Transient Response

Eoutrb2 (h=0.00e+00) EMoutrb2 (n=5.00e-02) E@outrb2 (h=100e-01)
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2.0

175

15

Bmax (i " outrb2" PresultsDir " home foeaaf Deskiop fmyelocst
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175
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Toais lisip

Tcadence

s | WG B - i

o125

125
=

1.0
1.0

75 e

5 5

0 10 20 20 40 50 50 70 0 200 El
tirme (ns) n{E-3)

& & B & ® [0 empty @[3 wwwe@loc][Jictb - Log: | [Library|\f1a|u|\|Ewp.cc||_]fuqr

Meets specs on previous slide
5k 2 ~100mV

Yo 01 [ o i - o iy el TNEWCENE €D

Tcadence

Sample noise ~2mV, if match mput noise: 12pA/sqrt(Hz

SNR 1s then 50:1
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BABAR-DIRC Resol ution Limits

18-60 photoelectrons per track (depending on track polar angle)

200kHz/PMT (few-MeV photons from accelerator interacting in water)

1.7ns per photon (dominated by transit time spread of ETL 9125 PMT)

9.6mrad per photon — 2.4mrad per track

Limited by BABAR-DIRC
Size of bar image ~4.1mrad
Size of PMT pixel ~ 5.5mrad
Chromaticity (n=n(1)) ~ 5.4mrad

Focusing DIRC prototype designed to achieve
* 4-5mrad O, resolution per photon,
* 30 /K separation up to ~ 5GeV/c

Focusing optics
Smaller pixel size

Better timing resolution

B

40000

entries per mrad

50 0
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Chromatic Effects

emtm)(phase) eemn ) (g1OUP)
e Dispersion [n (phase)] Dispersion [n (group)]

==t=Dispersion [n (group)]/ Dispersion [n (phase)]

of fused silica
n=1.49...1.46 for photons observed in BABAR-DIRC (300...650nm)

—

Larger Cherenkov angle at production results in shorter photon path length

— (UV photons shorter path)

Photons propagate in dispersive medium with

for fused silica: n/n,=0.95...0.99
Chromatic variation of n, results in time-of-propagation (ATOP) variation

(L: photon path, dA. wavelength bandwidth)

— (net effect: UV photons arrive later)
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Focusing TOP

e Use A dependence of Cherenkov angle to A_ :
correct chromaticity i
— Angle information = y position ij
— Reconstruct Ring image from 3D information < >
. AB.~1.2mrad
(time, x and y). c

| AO_~1.2mrad over sensitive A range
e =2 Ay~20mm (~quartz thickness)

— We can measure A dependence and obtain good

separation even with narrow mirror and readout
plane, because of long propagation length.
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