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improve K/n separation in the forward (high mom.) region for few-body decays of B's

good K/r separation for b -> dy, b -> sy
improve purity in fully reconstructed B decays
low momentum (<1GeV/c) e/u/n separation (B ->KiIl)

keep high the efficiency for tagging kaons
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Proximity focusing RICH in o 8?
the forward region ®e

aerogel photon detector K/TC Sepa ratlon at 4 GeV/C

0.(rm) ~ 308 mrad (n = 1.05)

Cherenkov photo:l:s‘_::‘ﬂ— OC(TE)— eC(K) nJ 23 ml‘ad

:."..:::.‘:l‘larged particle - dec(meas-) —_ GO nJ 13 mrad
.................... With 20mm thick aerogel and
el 6mm PMT pad size
...::l

~ 60 separation with N,.~10

2 cm 20 cm
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Beam test: Cherenkov angle ==:
== resolution and number of photons “
Beam test results with 2cm thick aerogel tiles:
>4 K/t separation
(a) Cherenkov angle (b) Number of hits
-:’E 00 B cp = 0.322 rad E = <N, >=6.2
.o 800 Fo,=14.8 mad * m
700
&00
500
400
200
200
100
L.
e a 0.2 0.4 0.6 20
8 (rad) M
-> Number of photons has to be increased.
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= How to increase the number of e
photons?

What is the optimal radiator thickness?

—_—

o, (mrad

Use beam test data on oyand N, 5 "o
g === n=1.05A =30
w0 g 12F — p=1.05A =20
-§ 11} cSZGO/‘/(Npe)
20
Z o 10}
8 9 L
6 sl
di ey A
an=1047 - | L g b T
0090 20 30 40 50 & s
thickness (mm) 2f © n=1.056, A=30.0mm —
An=1051,A=183mm - 6 N M A M
O e 0 10200 4050
thickness (mm) thickness [mm]
Minimize the error per track: 6=6¢/V(N,e)

mmm)  Optimum is close to 2 cm
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: Radiator with multiple T e
refractive indices /

I\

How to increase the number of photons \
without degrading the resolution? normal

. measure two separate rings . measure overlaping rings
“defocusing” configuration “focusing” configuration
Nq{| N2 N{>N» Nq{| N2 N{<Ns

/N

i
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Beam tests 20cm Py

Photon detector: array of i o
16 H8500 PMTs 22 | ol
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=4 FOCUSING CONFIGURATION - data
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/> FOCUSING CONFIGURATION 30.
- low momentum ®
. overlapping of rings for low momentum tracks
7 /K p=2.0 GeV/c ¥,=0° /K p=1,0 GeV/c ¥,=0° n /K p=0.6 GeV/c 9,=0°
20 f 20
40 - -40 —
el 085 1050 el n=1050
60 40 20 0 20 40 60 -60 40 20 0 20 40 60

Good overlapping down to 0.6 GeV/c
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FOCUSING CONFIGURATION -
— momentum scan K

= 25 . .
B (a) * single (upstream) . single photon resolution:
EL e o dual radiator ~same as single (of
20 . half the thickness) for the full
5 [ = momentum range
8 15 - . . .
=
10 - i [ | IR i | IR |
0 1 2 3 4 5
Momentum (GeV/c)
Bl i t .
=15 (b) Sk . number of detected hits: dual
E radiator has a clear advantage
10 = - L 3 L
E * * ® -
B
0 - i [ | I i l 5 3 1
0 1 2 3 4 L
Momentum (GeV/ie)
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P2y FOCUSING CONFIGURATION - inclined track <t
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Defocusing configuration, data
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7\

i

. two well separated rings (pions, 3 GeV/c)
. decrease of n, peak due to absorption
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: e
Aerogel production R&D o
e Reported last year: better optical
E | quality for n~1.05 hydrophobic
=90 S DR N D N N aerogel
e o | anew solvent (Di-Methyl-Formamide
8 40 P A instead of Methyl-alcohol)
R I N f precursor (Methyl-silicate-51) from a
30 o A """""""""" """"""""" ] different supplier

| O Matsushna (DMF) 3

20 - Matsushita (MtOH) I """"""
[ Chlba u. (MtOH) @

10 - NOVOStbﬂ‘Sk (PrOH) """"""""""""""""""""""""""""""""""""

-> considerable improvement

2001 year (MtOH)

7\ 1 1 1 ‘ 1 1 1 1 ‘ 1 1 1 1 ‘ 1 1 1 1 ‘ 1 1 1 1 ‘ 1 1 1 \7
O 101 102 103 104 105 1.06

Refractive index

Transmission length vs
refractive index
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S Aerogel production R&D

« Further optimization for n = 1.050 samples

1DIIIIIIIIIIIIIIIIIIIIIII

Transmission length(400nm)

s - November samples 7 Transmission length(400n
13/36 over 40mm March samples

fire] st dada 'E-.-:H-—'l Socond mikeraman] dits |
i r 1st ‘iﬁlg ’

# of samples

221 2491 251 281 3001 321 341 351 381 401 427 441 4619
transmizsion length{mm)

:nxuuuuunua T T T T
Tray viucelanghir Tmsmsceingrye)
Av:46.4+-1.8mm Av:46.2+-1.4mm

All samples better than 40mm
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Aerogel production: 33.
*

multllayer samples

— 2 (or more) layers with different n

— layers attached directly at molecular level
— easy to handle

— Insensitive to possible surface effect

100
90
80
70
60
50 | | |

| | \—n—l 050&1 osj |
40 | 1
) AR A A .
20 comrbined T. L (400nm) 41.1mm
A, ———————

0 1 1 1 1 1 |
200 300 400 500 600 700 800

wave_length(nm]

ry Workshop, Hawaii Peter Krizan, Ljubljana
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e Tiling of the radiator

Minimize photon yield losses at the
aerogel tile boundary: hexagonal
tiling scheme

oo =

— Cut into hexagonal shape from a
square block

— Machining device: use “water-jet”
thanks to hydrophobic nature

April 20, 2005 Super B Factory Workshop, Hawaii Peter Krizan, Ljubljana
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= Development and testing of -
photon detectors for 1.5 T

e Baseline: large area HPD of the proximity focusing type
e Backup: MCP-PMT

Multialkali
photocathode

-10kV
15~25mm

Pixel PD or APD

R&D project in collaboration with HPK

Tests with single channel and 3x3 channel .
devices look very promissing. )

April 20, 2005 Super B Factory Workshop, Hawaii Peter Krizan, Ljubljana
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S HPD development .,

59mm x 59mm active area (65%),
12x12 channels

O72:+0, 2 30£0, 5

144-04. 9 n: 4 35

o2 |||

|

|

Il

|

|

|

|

|

|
trrerrrrrgorrrrrgeergentl

O71. 440, 6

Ceramic HPD box

First tests carried out. Problems with sealing the tube at the window-
ceramic box interface.

Waiting for the next batch in September.
April 20, 2005 Super B Factory Workshop, Hawaii Peter Krizan, Ljubljana



{B Photon_detector R&D — backup ==
option: Burle MCP-PMT “

BURLE 85011 MCP-PMT:

.multi-anode PMT with 2 MCPs
.25 um pores

.bialkali photocathode

.gain ~ 0.6 x 10°

.collection efficiency ~ 60% __
.box dimensions ~ 71mm square '
.64(8x8) anode pads

.pitch ~ 6.45mm, gap ~ 0.5mm |
.active area fraction ~ 52% i

April 20, 2005 Super B Factory Workshop, Hawaii Peter Krizan, Ljubljana



S Photon detector R&D — Burle
MCP-PMT bench tests

Study uniformity of the sensitivity over the surface

count rates - all channels: charge
sharing at pad boundaries

single channel response:

.uniform over pad area

.extends beyond pad area (charge
sharing) =

.Y (mm)

April 20 Ml Worksh
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o Burle MCP PMT beam test

. BURLE MCP-PMT mounted together with an array of 12(6x2)
Hamamatsu R5900-M16 PMTs at 30mm pitch (reference counter)

100 120

75
100

50

80
25

60

k\ ._l P - . 40
:5" \‘b A ¥ & iy . .: 50

)
] \t a'
3 \Q\\ =

— i‘ JQ&\\\ §n/¢'

20

-100 -75 50 <25 0 25 50 75 100
ring on PMT plane
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ey B rle MCP PMT beam test 2 3:.

OHELLE

D>

Resolution and nhumber

of photons (clusters) « 5,~13 mrad (single cluster)

. number of clusters per track N ~ 4.5

. 6,~ 6 mrad (per track)
-> ~ 4 o n/K separation at 4 GeV/c

Open questions
Operation in high magnetic field:
.the present tube with 25um pores only works up to 0.8T, for 1.5T need ~10um
Number of photons per ring: too small. Possible improvements:
.bare tubes (52%->63%)
.increase active area fraction (bare tube 63%->85%)
.increase the photo-electron collection efficiency
(from 60% at present up to 70%)
-> Extrapolation from the present data 4.5 ->8.5 hits per ring
c,. 6 mrad ->4.5 mrad (per track)
-> >5 o /K separation at 4 GeV/c
Aging of MCP-PMTs ?
April 20, 2005 Super B Factory Workshop, Hawaii Peter Krizan, Ljubljana



A Read-out electronics: ASIC ==
under development *

Need high density front-end electronics.
Need high gain with very low noise amplifiers.
Deadtimeless readout scheme-> Pipeline.

Develop an ASIC for the front-end electronics
— Gain : 5 [V/pC]
— Shaping time : 0.15 [ 1 S]
- S/N : 8 (@2000[e])
— Readout : pipeline with shift register
— Package : 18 channels/chip

>

Preamp Shaper Comparator Shift register

04 .93[mm]

April 20, 2005 Super B Factory Workshop, Hawaii Peter Krizan, Ljubljana



o Read-out electronics »

o0
®
®

ASIC controled and read-out by a control board (for tests: can also be
done with standard VME modules+level adapters)

::::::

Detailed evaluation of the system
is under way.

Preparation of the read-out of an
array of 3x3 HAPDs in a beam
test.

whel kol 0 @ i F Aol 48 % 00 Wnks

rrrrrrrrr
--------

‘--.- \\ L W

Backup options use chips from Ideas: a VA/TA based system de\)eloped
by the K2K group at KEK and VA64TAP+LS64

April 20, 2005 Super B Factory Workshop, Hawaii Peter Krizan, Ljubljana



Summary

e Proof of principle shown already last time.

e More photons: employ radiators with multiple
refractive indices. Idea successfully tested in beam
tests.

e Aerogel production: transmission length improved,
new cutting methods tested, multiple layer samples.

e R&D issues: development and testing of a
multichannel photon detector for high mag. fields

e mass production of large aerogel tiles
e readout electronics

April 20, 2005 Super B Factory Workshop, Hawaii Peter Krizan, Ljubljana
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Read-out electronics

Total number of readout channels for the full detector amounts

to 86k.
Detector characteristics

= Leakage current: 10 or 25 [nA]
= Detector capacitance: 10 or [p F /pixel]
= signal: 2000 or [electron/photon]

= Need high density front-end electronics.
= Need high gain with very low noise amplifiers.
= Deadtimeless readout scheme-> Pipeline.

Develop an ASIC for the front-end electronics

April 20, 2005 Super B Factory Workshop, Hawaii

Peter Krizan, Ljubljana



A Read-out electronics: ASIC ==
-

under development

Basic parameters for the ASIC (Rohm CMOS
0.35um)

— Gain : 5 [V/pC]

— Shaping time : 0.15 [ 1. S]

— VGA : 1-16

— S/N : 8 (@2000[e])

— Readout : pipeline with shift register
— Package : 18 channels/chip

— Control : LVDS

— Power consumption : 5 m W/channel
Detailed evaluation is under way.

>

Preamp Shaper VGA  Comparator Shift register

04 .93[mm]
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[O VAG4TAP: backup read-out electronics

OHELLE

o0
®
®

VA64TAP is a low-power, low-noise . sseasesiiii B350
ASIC with 64 channels, each with: e e Skl

. preamplifier (ENC ~ 500 @ 10 pF)
. amplifier (can be switched off)

. fast CR-RC shaper (75 ns)

. discriminator with 4-bit trim-DAC fem =
. threshold uniformity: +-200e- 12
. threshold nominal value: 3000e- E
. power: 2.3 mW/ch.
. parallel output

...qm.ﬂ.,..‘.
ERREEREEREE
S EREIIR G ENE N SERE TR
SRR R SR b b R

€ L TG

. die size: 5.5mm x 5.4mm = -

E e,
i

Auxiliary chip LS64: logic level adapter, converts C;JHr“r"ent logic (from
VAG4TAP) into CMOS logic (0V, 2.5V - 5V).

Same lateral dimensions, direct channel to channel bonding to VAG4TAP
April 20, 2005 Super B Factory Workshop, Hawaii Peter Krizan, Ljubljana



ol = Protot Tes t -
S ototype Tes S

- single-channel HPD -

Leak current . 4 [nA]
Detector capacitance . 20 [pF]

Gain (8kV) : 1500 [electron/photon]
Bias voltage : 80 [V]

April 20, 2005 Super B Factory Workshop, Hawaii Peter Krizan, Ljubljana
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Prototype Test =
- 3 X 3multi-channel HAPD -

< 03 ¢ > e Diode : 5 [mm/ch]

e @Gain : 26000 [electron/photon]
e C, : 73 [pF]

e I : 14 [nA] (average/ch)

e Condition: V,,,=8[KV], Vg,c=320[V]

300

200

Gain of the HAPD is higher than for the HPD,
but the noise level is also higher due to its
large detector capacitance.

100 5

The HPD shows a better single photon
response.

0

April 20, 2005 Super B Factory Workshop, Hawaii Peter Krizan, Ljubljana
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0.92

{B MCP-PMT bench tests 2

OHELLE

104:-

Satelite images for finite angles of incidence |

. relative intensities of main peak, firstand ;L
second reflections are 0.92, 0.07 and 0.01, :
respectively

. displacement of secondary image consistent

with reflection from MCP surface , | -
9 é f/ndf 05042 / 7 /

102:-

14 6.149 + (2421

input quartz photocathode /'d, =2mm )
window f
12
h= 6mm / photoelectrons 10

Oy l!pore structure

Ax
. impact on spatial resolution (+10% @18°)

. impact on timing resolution At ~ 40ps

April 20, 2005 Super B Factory Workshop, Hawaii 0 20 99



60

40

20

-20

-40

-60

different incidence angles

. overlapping of rings for inclined tracks
. expected range ~ 17°-34°

FOCUSING CONFIGURATION -

Good overlapping up to 30°

April 20, 2005 Super B Factory Workshop, Hawaii

[ /K p=3.00GeV/c  9,=10° 0F n/K  p=3.00eV/c  9,=20° "E R/K  p=3.00GeV/c  [3=30°

:_ 60 - 75

3 M wf

- wf sk

| |

:_ =20 - -25

:_ -40 - -50 -

T mE1048  ——n=1080 | """ p=1045 o mett0%0 L [, o m=1045 T ne=1050
260 280 300 320 340 360 380 400 620 646' 660 680 790 ?26‘ 740 760 1000 1025 1050 1075 1100 1125 1150 ”75 1200
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/o Resolution for single photons .

In agreement with expectations (+ 6-8 mrad)
Typically around 13 mrad (for 2cm thick aerogel)
Shown as a function of thickness, momentum

30 z=dl
g | T
E E sl
] <
20 20
15| 15 F o .
| | g
10 | 10
sk o n=1.056 — sk
A n=1.051 - ; © N=1.056 -
: 0 n=1.047 - : A n=1.047 —
0090 20 @m0 '_40' T 50 60 0005 715 225 3 35 4 45 5
thickness (mm) Momentum (GeV/c)

Photon detector: array of 16 H8500 PMTs
April 20, 2005 Super B Factory Workshop, Hawaii Peter Krizan, Ljubljana
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<o Number of photons :

Shown as a function of momentum, thickness

a g |
< Ut <10t
T T
61 et
5F
4F
3t
2
: o n=1.056 ——
'.f =
; A n=1.047 -
O ------------------------------------------------
0 05 1 15 2 25 3 35 4 45 5 00 10 20 30 40 50 60
Momentum (GeV/c) thickness (mm)

Again: in reasonable agreement with expectations
Photon detector: array of 16 H8500 PMTs

April 20, 2005 Super B Factory Workshop, Hawaii Peter Krizan, Ljubljana
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<o PID capability on test beam data oo

OHELLE

3 “Fpseudo K 1 (4.0 GeV/c) _ _
S 200k, From typical values (single photon
e S resolution 13mrad and 6 detected
150 | photons) we can estimate the
o5 | Cherenkov resolution per track:
L 5.3mrad;
75 -> 4.3sigma p/K separation a 4GeV/c.

50 F

25 F

0.2~ 0.22 0.24 0.26 0.28 0.3 0.32 0.34
0 (rad)

Illustration of PID performance: Cherenkov angle distribution for
pions at 4GeV/c and 'kaons' (pions at 1.1GeV/c with the same
Cherenkov angle as kaons at 4GeV/c). Details: NIM paper

Photon detector: array of 16 H8500 PMTs
April 20, 2005 Super B Factory Workshop, Hawaii Peter Krizan, Ljubljana
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/[O Resolution studies o

o, IS obtained by fitting the 6

Cherenkov angle distribution * distribution Gaussian +
2 g0 [ F/ndf 1095 7 115 background
PI ﬂ 7289,
P2 0.3074 _
3 0. 1428E-01 G, (data)=14.3mrad
0000 T P4 74.49
P5 884.4 o, (calc) = \/O_empz +Gpix2
4000
o(calc) 11.8 mrad
— O \ix /.8 mrad
{\E J L\N Gemp 8.8 mrad
0 L Sy p———— . . . .1 . . . .1 ., . . .
( 0.1 0.2 0.3 0.4 .5
0 (rad) \/ 2 n 2 n 2
O, =4/0 O . O
Radiator: thickness 20.5mm o cmp pix rest

What is ‘rest™?
April 20, 2005 Super B Factory Workshop, Hawaii Peter Krizan, Ljubljana
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/[O Resolution studies 2

® G, (data) : Data(n=1.046)

Cherenkov angle resolution

: Calculated value (o, 2+ 5 2)1"2 3 2°

"o pix emp

calc -

YO

Rest component ¢ ...=7~8 mrad

rest

does not depend on radiator th|cknessa S12. 5fer e

rest ° (G data cScalc ) \-.E., 20

Refractive index
£.065

S . n(d) || -
RS B17) SER T TR em—

R A S A OO S —
TUT PRI D 8447+ ; 7.338

[ P2 0.5831E-01 £+ : 0.91353E-02

z‘h:c?mess (mm )

1.045frzmmpgasseionsozer) - Chromatic error? 2-3 mrad (depends on the sample)

1.03355 765" ? 500
‘wavele ngth(nm)

April 20, 2005 Super B Factory Workshop, Hawaii
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[O Resolution studies 3 o

Non-uniformity of the radiator? Group tracks D 10
. . - . 6 Fntries 20
according to the impact position in 5mmx5mm Mean 0.3045
: : : : RMS 0i1 78F-07
regions, plot Cherenkov angle distribution for p I e
eaCh Of them: Constan 4.255
5 Mean 0.3043
mean ’h' [, mean mean r mean f mean mean | Sigma 0.8468E-03
IG.S% ‘ad 0.303 fyad {],304{1' 9.:039] ‘ad 0.304 :ad 1 0.3089rad
tlsigmal sigma 3‘fgma| } wgum wgma sigma
11.36 }f ‘ad 1 1.83 p# ad 10.63 |npr 1 S‘? ad ‘I‘r! S8 yad 9.68 mkad 3
L P L5 "N ‘hﬂJ il ‘Lv'ma e L.« T - T
mean J mean mean mean mean - mean
"0.304drad ([ 0.3033ad 1 0.3043yad | 0,304 4 ad [ 0.304%yad | 0.3059ad 5
-, S1gm| xig,m;ra‘ g sigma sigmal sigmall)| =
RVO 04 r\ ad  [|11.63 hlyad .67 nfrad 11.99 1:1 ad .1)'2.5! rad 10.86 phrad
el s Mt Pobin, bene I A NP WL SRR L S P .
 mean | | mean mean L mean mean 1 - mean I
G.er(sn ad I 0.5040 rad | 0.3046rad 0.3050yad 0.304 rud 0.3043 yad
_si,i;mar L sigma ugma sigma sigma sigma
l{fﬁj rad F\”"ﬁf’ ad Ll\—i:irmd 12,08 LE ]LH 66 2‘ad' hir_'; 79ptrad
AN A vy e i) Ve | el L&__ #59 0.3 0.31 0.32 0.33 0.34

mean r mean mean

mean ’ L mean l mean J L
—0.3033111-9’ 0.3041{ ‘ad 0.3047ad '0.5049| ‘ad 0.3044 ad rb‘.jﬂ.ﬁ.’ ‘ad
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D>

[O Resolution studies 4

Does it depend on the orientation of the sample?
18

Measure the Cherenkov angle and sigma 3
for both orientations of the aerogel tile S 7l
—>some samples have large difference x| >
in sigma for AB and BA cases 3 y
gjj-
AB ! o(AB) = o(BA)
13
>
12
11
10}
BA
ok
> 8¢ o 10 11 12 13 I

sigma wdeng {mmdﬁg
Is it focusing/defocusing? —>under study
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D> . . . 03.
Lo Yield losses at tile boundaries o o

How to design radiator tiles: check losses at the tile boundary.

e Scan with the beam across the
T o it tile boundary. As expected, the
o, = e, yield is affected over a few mm
Y I in the vicinity of the boundary.
R A simple model (all photons
hitting the boundary get lost)
beam direction accounts for most of the
aerogel aerogel im mm dependence

!
"
i

=
e

Relative response

=
o
[

=

=
b

=

o [/ Y T | -2.5 ] 2.5 ) 7.5 10
X trackimim)

Reduce the fraction of tracks close to tile boundaries and
corners.
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Photon detector tiling :

92% of the surface
covered by HPDs

minimal distance
between modules:
0.5~mm

max. distance (few mm)
allows for feeding in the
HV supply cable (has to
come to the front side
of the HPD)

Six equal sectors
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