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Barrel PID at Belle I .

e Belle Il at Super KEKB will perform high precision
tests of the Standard Model and searches for new
physics:

— Requires high efficiency, low fake rates in separation
of K*/7* for momenta up to ~4 GeV/c.

* For example, to distinguish between

— B— p(nm)y / B—>K* (Kr) v
— B> mr/B—o>Kr

* Primary requirements:
— Increased performance relative to Belle PID.

— Barrel region is extremely space constrained = must
be compact.
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Detection of Internally Reflected Cherenkov Light

* Charged particles of same momentum but different mass
(e.g., K* and m*) emit Cherenkov light at different angles.

* Detect the emitted photons in 2+ dimensions (x,y,t)
 BaBar DIRC as a model:

The larger the expansion region,
et the better the x-y image...
R . Alarge volume (>1m) may be
r,ugh_,;am;e\r St - required for acceptable
Purified Wat ,/ Hant YooN B Y -
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Detection of Internally Reflected Cherenkov Light

* Charged particles of same momentum but different mass
(e.g., K* and m*) emit Cherenkov light at different angles.

* Detect the emitted photons in 2+ dimensions (x,y,t)

,_E, The larger the expansion region,
S the better the x-y image...
€400 o g perrrY o
i B A large volume (>1m) may be
- required for acceptable
200— y

performance.

B¢ = cos (1/nf)

500050 0 50100 'p'1h5°0t'°'n_'x q) K Ql}a}“Z .
n=1.471 (@r=390nm)

Left: Simulations w/ large (2 m) expansion
volume, 2 GeV K/7 >
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Detection of Internally Reflected Cherenkov Light

* Charged particles of same momentum but different mass
(e.g., K* and m*) emit Cherenkov light at different angles.

* Detect the emitted photons in 2+ dimensions (x,y,t)

The larger the expansion region,
the better the x-y image...

A large volume (>1m) may be
required for acceptable
performance.

a0 . 60 = COS (I/HB)
- %3905— ™ 7
100 . ':.. .
w00 .| - “: A .
370— -.'-.‘- a R Pl A
- R TR D \_ Quartz :
a0 PO n=1.471 (@2=390nm)
B Srem N,
B I R Left: Simulations w/ large (2 m) expansion

volume, 2 GeV K/7 ©
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Detection of Internally Reflected Cherenkov Light

* Charged particles of same momentum but different mass
(e.g., K* and m*) emit Cherenkov light at different angles.

* Detect the emitted photons in 2+ dimensions (x,y,t)

g . The larger the expansion region,
> F the better the x-y image...
c 400 sden
gL Nttt st st i A paapdse B0 T J
.gm{ - - A large volume (>1m) may be
- V required for acceptable
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Time-of-Propagation (TOP) Counter

e.g., NIM A, 494, 430-435 (2002)
* Work at bar end, measure x,t, not y = compact!
Y

.

Linear-array type z
photon detector
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Chromatic Dispersion
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* Arange of photon energies is produced in radiator.

1
— Each wavelength is emitted at different Cerenkov angle: cosf = ﬁ—()\)
n
* Changing index of refraction changes group velocity for
different wavelengths of light.
% 0.21 5
E B ------------ ATOP (375 nm, 525 nm) (ns) vs. Lorop
E 0.2 // | 120(—
G>J / 100:
o .
5 // | -
¢ 0.19 / 80—
300 400 500 600 700 | -
Wave length (nm) 60—
a0}
201
:....I....I....I....I....I....I..
t:'IZ) 0.5 1 1.5 2 25 3
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Chromatic Dispersion

* Arange of photon energies is produced in radiator.

— Each wavelength is emitted at different Cerenkov angle: cosf =

Bn(
* Changing index of refraction changes group velocity for 9

different wavelengths of light. = ¢
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Group velocity (m/ns

Focusing TOP (fTOP)

* Add focusing mirror and vertical pixelization.

— Spreads wavelengths over more pixels.

Chromatic dispersion:

— Add a wavelength filter =» use part of spectrum where dispersion is not as
severe, at cost of some photons. (Valid for any TOP concept, not just fTOP)

Finite bar thickness:

— Focusing mirror can reduce this for some tracks.

0.21
0.2 R B R R
019_ ........ ............. ............ ................... e ............
300 400 500 600 700
Wave length (nm)
6 May 2010
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Adding imaging =» iTOP .

e Starts with a single bar, single readout design
of focusing TOP (including focusing mirror).

— Adds a small quartz expansion volume.

10 cm
< —>
A L J
V’Q
= >
~270 cm .

Spherical
mirror, as
in fTOP

— Asymmetric shape was chosen over a symmetric
one to allow smaller gap to ECL.

6 May 2010 Belle Il Time-of-Propagation, RICH2010 13



Two Baseline Configurations

Focus mirror
MCP-PMT (sphere, r=7000)

_.-""....-r
= =
Backward Forward
Focus mirror
MCP-PMT (sphore. 1=3000) MCP-PMT

— — i

Backward Forward

TOP Quartz Cross Section:

20 mm

D
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Single bar option
L., ~ 2600mm
L ~ 100 mm

expansion

Two bar option
I‘backward ~1850mm
I—forward ~ 750 mm

<€ >

445 mm
BaBar DIRC Quartz Cross Section:

17 mm £ S I Y Y I O O

35 mm

6 May 2010

Belle Il Time-of-Propagation, RICH2010

x12 modules

L~ 5 m each
14



D
\

Belle I

PMT Requirements & Options

 TOP counters require excellent single photon timing
resolution: o;1¢ < 50 ps

* Must work in 1.5T magnetic field = MCP-PMTs

 Devices considered:

— Baseline photodetector:
* Hamamatsu SL10
* 10 um pore MCP
* 4x4 pixels, each: (5.5 x 5.5) mm?

* R&D ongoing to check/improve:
— Timing: single photon o1¢ ~30-40 ps t
— Lifetime: < 10% QE drop in ~3 Belle Il years T N N R R I
— Efficiency: multi-alkali =»super bi-alkali, 2> 28% @ 400 nm

* (More by K. Inami Friday!)

— Backup option:
* Photonis Planacon (10 um pore)

| *K. Inami, et al.,
NIM A 592 (2008) 247-253

i [run2218_ch1_after_twc | Entries 12640

- 2 I ndf 1285/14
000[— po 902.6+ 245
C -0.6275 = 0.0358
p2 1.246 « 0.036
p3 20197

- 0178 Mz
-~ 31 ps

# of eyent

» S @ @
8 £ S 3
TT T T T T[T I
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Independent simulations:

— Belle Geant3 + standalone code (Nagoya)
— Geant4 (Hawaii)
— Standalone code (Ljubljana)

o All utilize a Alog(Likelihood) approach to

determine particle classification.
— PDFs are defined in x,y, and t
— Geant-based versions take probability distribution
functions (PDFs) from simulated events.

=>» Extremely time consuming to generate the PDFs,
but can include all the effects (scattering, ionization,
delta-rays, etc.) that Geant can provide.
— Alog(Likelihood) in Ljubljana code utilizes
analytical expressions for the likelihood functions.
=» Much faster! (More by M. Staric later today!)

=>» Working to integrate with full simulated data and
improve performance.

Simulation Studies

D
o

Belle IT

220
200
180
160
140
120

Cla[?sified as T

Classified as

>




Simulated Performance (Multi Alkali)

2 bar type

| Kaonefficiency, 2-bar |
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1 bar type

| Kaon efficiency, 1-bar

P 15_.1_'_._._._._._._'_._._:_._
u.m; A A R u - A
SET oAt 4 mm 1.5 GeV/c
________ ':“:é‘_________________‘__________g____ 2.5 GeV/c
= A
usof- 3.5 GeV/c
u"]f_;_[liii. ._ull“- " ._[ILZ. PR— uI P .nllz PE— au‘*‘ P .nlla P— .ﬁ‘lB P——

| Pionfakerate, 1-bar |

= 02
0.1a8
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Sensitivity to Event Uncertainties .

e Different geometries are sensitive to different
event uncertainties.

 Examples:

— Tracking uncertainty

* One bar type is more affected by increases in angular
uncertainties.

— Event start time uncertainty

* Two bar type is more affected by increases in start time
uncertainty.

* Example...

6 May 2010 Belle Il Time-of-Propagation, RICH2010 18



2 bar option

1 bar option

Kaon efficiency, 2-bar
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2 bar option

1 bar option

Simulated Performance (MA =» SBA)
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Multialkali =»  SuperBialkali
[ Kaonefficiency, 2-bar | |Kann efficiency, 2-har|
w I T
wif- Adas L A A 1.5 GeV/c
m;- N 2.5 GeV/c
0% Iy 3.5 GeV/c
Z: ‘ O, = 25 ps

I
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Belle Il Beam Background
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50ab by ~2020

Increased luminosity will
result in a factor of 2> 20

higher background!

L~2x103%> (x10 Belle Lu

IIJ'I'JIIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

| ; | | | ; | | | |
2010 2012 2014

3year shutdown for upgrade
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Performance w/ Beam Backgrounds

| Kaon efficiency, 2-bar .

cose

6 May 2010

| Kaon efficiency, 1-bar .
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1.5 GeV/c
2.5 GeV/c
3.5 GeV/c

O, = 25 ps

- Filled: 1 v bg

Hollow: 10 ~ bg

= Both
geometries
are relatively
insensitive to
background.

cost
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Quartz Cherenkov Device Landscape

| DN
Fast Focusing DIRC
e More sensitive More sensitive
§ — to tracking tot,
uncertainties uncertainties
i BaBar DIRC
£ Imaging TOP :
o Focusing TOP
t 4
QJ \i / A ‘) f
a i | - |
d . "7/
*Some expansion
(~0.5 m) l -
*Large (~1m) *Focus to correct for *No expansion
expansion finite bar thickness. *Small expansion (~.1 m) *Mainly x,t
*Mainly x,y *Mainly x,y *Mainly x,t *Focusing & coarse y to
*Very coarse t *Order ~100 ps o, make *Focusing, coarse y to correct chromatic effects
chromatic corrections correct chromatic effects TOP
(More tomorrow from
Jerry V’avra) ——7/
Mostly imaging _
*No expansion
<€ . .
Mostly timing  *Only xt
s> °No focusing 2>
chromatic degradation

>
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Waveform Sampling Electronics B

Belle I

Buffered Large Analog Bandwidth Recorder And Digitizer with Ordered Readout (LABRADOR)

PMT pulse comparison

0.2
0 Laneose
L
s 02 . ;j L commercial ‘scope
2 04 : { d
B ! - UH (LABx) ASIC
< 06 = 2
0.8 ."—'.
¥
-1 | \ |
0 20 40 60 80
Time [ns]
—>Use large bandwidth capability
BLAB1 Die floorplan: 128 x 512 samples developed at University of Hawaii for
Single channel improved timing.
3mm x 2.8mm, TSMC 0.25um —>Varner et al., NIM A583, 447 (2007)
6 May 2010
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Electronics Performance

* First generation (BLAB1):
— Single channel (no on-chip amplification)
— Bench tested with pulser =» excellent o 4,:
— 16 channels instrumented in fDIRC beam test:

250

« CFD

- 6=240p

* Second generation (BLAB2):
— Compact =» ~450 chan. @ fDIRC cosmic test

 BLAB3 utilizes lessons learned... testing now.

=>» Improved timing over high precision CFD, and
much lower power.
=>»Timing limited by o, of MA-PMT.

=> We expect to be PMT limited for timing.

6 May 2010
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Integrated Readout (BLAB2 Example) B

Belle I

Fiberoptic readout for [ e 4 - "
| all modules...
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Trigger Issues

EE—
‘a00[- e
24 400 . .
gl =1 Primary goal =» provide event
o 50 time with resolution of 1-2 ns
60; i
: % ki W i % [}
:..\ L] ' \ & L]
40—
= .
= 7= f
e e e s e e e AP i T T T T SR S T
050100 150 700250 300.350 400 430 qloccliunuleicliiul il D 50 100 150 200 250 300 350 400 450
channel 0 50 100 150 200 250 300 350 400 450 channel
channel
MCP-PMT Focus mirror
_--"'"..-_
— —
'_-.--"_

Backward Forward

**Example 7 PDFs
et 3 GeV/C
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Trigger — Simulated Performance

Using photon time information only, no spatial information:

__1ns FPGA binning, time only | SRR R | 1ns FPGA binning | S I i

Entries 4985 Entries 4980

o = Mean -0.26 2] m Mean 0.6998

E RMS __ 1.388 g T RMS  3.924
: | 5
s Tipd
«10° = w10 E
10° = 10? =
10 10
1 E L 1 =

= L 1 1 L L | L L L - 1 I’_II 1 | 1 | 1 | 1 | 1 1 | 1 1 1 | | 1
-10 5 5 10 -30 -20 10 0 10 20
Error in trigger time (ns) Error in trigger time (ns)

w/ 0 background photons... RMS ~1.4 ns  w/ 4 background photons... RMS ~3.9 ns

=» Optimization is ongoing. Adding spatial information could help
(but costs more FPGA resources). This may already be enough...
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Trigger — Simulated Performance .

Using photon time information only, no spatial information:

1ns FPGA binnin Trigger time resolution
| QJ Entries 4980
n F Mean 0.2718
e I RMS  2.16
- L
1]
=) —
#10";
10°=
10—
1=
— 1 | 1 1 1 ] | ] 1 1 1 | ] 1 1 ] | 1 1 1 |

-10 -5 0 5 10
Error in trigger time (ns)

With 4 background photons & combining tracks... RMS ~2.2 ns
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Structural Considerations Y=

Backward end — 1 bar option
80 75(F’MT+PCB)

4, i E{xdz MﬁBolts Nilts for IDX
PMT &
7 I 1 .
U ) electronics
7 S 0| access panel
\ | I
% 80 <] L: §
: 150 50 ® %
PMT access window covgr / § 8
. : ol s
Backward end — 2 bar option Important features:
?ﬁ{P'F.rr+PGBy

ms\ Pl P RWe ﬂ,m-*‘._g *Both baseline designs are being studied
v N structurally.
' *Integrated with existing barrel ECL support

structure.
*Provides support for the drift chamber.

*Panels to allow access to PMTs and
electronics.

PMT sccass w% GOV
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Toward Full Module Test 5

Belle I

COPPER

Giga-bit Fiber
Transceiver Links

\subdmcwr Readout Module

ASICs
FINGA X

or ADCs
Om or i Detecs

FPGA firmware consists 8 3 parts

L drver (cormon)

2} Tngger/Yeature extmact Pubdet spocific)
3) Unified DAQ transport Brotoce]

6 May 2010 32
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Summary

e Belle Il will utilize a time-of-propagation (TOP) counter
for particle identification in the barrel region.
— Compact device to accommodate strict space requirements.
— Two baseline configurations (final decision expected soon):

Focus mirror

MCP-PMT (sphere, r=7000)
IZ —
Backward Forward
MCP-PMT Fs%%”esré?irr;%rooo) MCP-PMT
— — —
Backward Forward

— Simulated performance indicates improved performance,
robustness to backgrounds. Some tradeoffs relative to
expected event uncertainties (event start time, tracking, etc.)

— Beam test of full size bar with waveform-sampling readout
electronics is planned for this fall.
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Electronics Specifications

Parameter Value Comment

Total electronics channels 8k either 1-bar or 2-bar

Number of BLAB3 ASICs 1k 8 channels/ASIC

Number of channels /SRM 64 2 BLAB3 ASICs

Number of SRM 128  Subdetector Readout Modules
Bi-directional fiber links/SRM 141  DAQ)/Trigger (see relevant Chapters)
Total DAQ)/Trigger links 128 10% bandwidth at full luminosity
Number FINESSE 64 2 fiber links (COPPER limited)
Number COPPER 16 COPPER bus limited

Average size/event 4 kByte (2.5% occupancy)
Parameter Value Comment

Channels/ BLAB3 8 die size constraint

Sampling speed 4 Giga-samples/second (GSa/s)
Samples /channel 32768 allows =5 us L1 trig latency
Amplifier gain 60 voltage (3k() TIA)

Trigeer channels 8 for hit matching /zero suppression
Effective resolution = bits (12/10 bit logging)

Sample convert window 64 samples (~=16ns)

Readout granularity 1 sample, random access

Readout time 14+ n+0.02 pstoread n samples (same window)
Sustained L1 rate 30 kHz (multi-buffer)
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Imaging? TOP .

* Are we really imaging?
Example 2.5 GeV/c K/ @ 90°, composites of 100 events.

120
19—
118— 5 :

E 4 8 ” Lol T E a ”.ﬂ“..‘ o,
17 'ﬁi ?‘.S?"‘-,",.‘."- :!i:.l.!j' i i R 117 wﬂa‘“‘“ 3"‘ . 4-"'
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B e, ¢ "° *e « ° . . e ® B se © * %, " ® ees o *
"W~ “wsp—

=20 -10 0 10 20 -20 -10 0 10 20
Direct photons Pholon_x Mirror reflected photons ~ °he'o"

* |n actuality, we still rely mostly on timing, but
expansion + larger image plane helps reduce
ambiguities.
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