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Test beam runs with 10GeV e-

 Run 1 - finished a few months ago
 Run 2 - just finished with “improved” beam optics

 Run 3 - will take more data sometime in spring
next year with better photon detectors, as well as
and all improvements we get from the present data
analysis

e All results from the data analysis presented in
this talk are preliminary based on Runs 1 & 2.
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Motivation
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 BaBar DIRC is a very successful detector as this plot proves.

* We thought that we should be in a position to propose a DIRC upgrade
for the Super B-factory, which sould have a comparable or better
performance, be less sensitive to background, and, perhaps, be able to
correct the chromatic error contribution to the Cherenkov angle.
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DIRC principle

* A concept invented by B. Ratcliff
* TOP(®,0,) =[L/V(M] k,(®,0,)
0. - Cherenkov angle,

_ L - distance of light travels in the bar,
PMT image as seen v(A) - group velocity of light,

by track
w A - wavelength , and

Track 2, ?sh k (®,0,) - z-comp. of the unit velocity vector.
AT ¢ To determine the Cherenkov angle 6, one
c “’ﬁ Ar measures (a) a track position, (b) Az and
:; //’\ %t Ar (= Ay)., and (c) a phqton time-of- |
‘ / Az propagation (TOP). This over-determines
| the triangle.

* In the present BaBar DIRC, the time
measurement 1s not good enough to
determine the Cherenkov angle 0, or even

correct the chromatic error. The time 1s,
however, used to reduce the background.
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Various approaches to imaging methods

BaBar DIRC: x & v & TOP

- X & y 1s used to determine the Cherenkov angle

- TOP 1w used to reduce background only

Focusing DIRC prototype: x & y & TOP
- X & y 1s used as in BaBar DIRC
- TOP can be used to determine the Cherenkov angle

TOP for longer photon paths (gives a better result)
- Requires large number of pixels

TOP counter: x & TOP

- X & TOP i1s used to determine the Cherenkov angle
- TOP could be used for an ordinary TOF

- In principle, more simple, however, one must prove

that it will work in a high background environment
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Examples of two “DIRC-like” detectors

TOP counter (Nagoya):

y

Linear—al’raytype Y/ X gia—— 1‘

photon detector

X, y, Time
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2D imaging:
a) x-coordinate
b) TOP (o <100ps).

3D imaging:

a) x-coordinate

b) y-coordinate
¢) TOP (o <130ps).



Focusing DIRC detector - “ultimate’ design

B. Ratcliff, Nucl.Instr.&Meth., A502(2003)211

Focusing

ELEVATION Mirror

C Pixelated
pmjggﬁoﬁ\‘ Photo Detector
~Z2cm S
2,
z

PLAN
|
X
z
A \_ Lr Lo
sU cm Cone
Projection

* Goal: 3D imaging using x,y and TOP, and wide bars.
* The detector is located in the magnetic field of 15 kG.
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Focusing DIRC prototype

Focal plane

[

Detector v

Calibration Fiber

Fused Silica bar t
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Detectors sit in the focal plane

Spherical mirror corrects quartz
bar thickness. Used spherical mirror
from CRID

KamLand oil makes it very
affordable. Its refraction index
matches that if fused silica very well.

The focused fiber light from the
PiLas pulser enters through the
window and reflects from the etched
Al surface to all detectors. This is
extremely good way to calibrate the
system, to find cable offsets, and
verify that all is well. I am 100%
sure that without the PiLas laser
diode we would not succeed.
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PiLas laser diode and fiber optics

12/4/05

e Achieved 40-70ps resolutions with:
- 635 and 407nm wavelengths

- 63um multi-mode fiber diameter
- 5 & 10 m fiber lengths
- Fiber 1-to-3 splitter

- “Home-made” alignment with x&y small stage

- Mylar attenuators to get single photons
- CFD discriminator or TDC/ADC electronics
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Optical design

Design by ray tracing:  We send the beam

perpendicularly to the

bar, and position

i detectors along the
T contour of the

Cherenkov ring.

-+« Red line (with oil ) -

R Ny running in the beam

- gl " . e Green line (no oil) -
IR wusa e b laser check in the clean
LA A EA R e room with
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Checking dimensions with the coodinate machine

machine: Geometry of the detector:

Portable coordinate measuring
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Various efficiencies in the Focusing DIRC

Spreadsheet calculation:
Track perpendicular to bar in the middle of BaBar

1.2 +
KamLalld Mmelal o1l (50 cm) -

= = AATS ..oooooooooooo*.,, *nlnnm-\ -------------
= = — .. { OrYyYIr1: —o—_._.ﬂ_._i
AN 08 Lot D@
A N — Two! M11‘101 Ieﬂectlwty (ave effect)
E = g _____________________________________ Reﬂ_e_c_uo_n_ _c_o.e_fflclen_t. _(f_o.l_ 272 _bo_lmc_e.s__ mbar) .

W
gu & o Tr. (EPOTEK 301- 2) 25 11]1010115 thlck 5111016 layel
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= ......... Burle MCP—PMT; Q.E

...............
<% _Final eff1c1ency R 5
7 i / . .... T
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Wavelength [A]

e Assume: “Focusing DIRC prototype-like”’ DIRC is in the present BaBar.
e Burle QE peaks at higher wavelength than the Hamamatsu MaPMT or ETL PMT.
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Weight functions in the Focusing DIRC

Spreadsheet calculation:

Weight = f(photon wavelength)

1.2
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T o s g s —
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12/4/05 J. Va'vra

Focusing DIRC
prototype

Fold in the photon
production yield of
the Cherenkov
photons, as well as
all known
efficiencies and
transparencies.

The most probable
A ~400nm, average

410-420nm.
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Calibration Fiber

Photon path reconstruction R

Ray tracing design: Detector

Focal
plane
Center of MCP in det. slot 4 |_ _ ™
‘‘‘‘‘‘‘‘‘‘ ' Fused Silica bar ',.f'f -
) ) T '
A single pixel ___ =(00)
“““““““ Spherical
mirror
. (beam
direction)
A Beam
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(cosa, cos P, cosy) TR

e Each detector pixel determines these photon parameters:

0., a,, oy, cos a, cos P, cosy, L, tropagations Mhounces — LOT average A.
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A beautiful aspect of DIRC - predictivity of the photon
propagation in the bar, if everything is right...

Spreadsheet calculation:

e Each pad predicts the photon propagation history for average A of ~410nm.
e Example - detector slot #4, pad #26, beam in position #1:

0= 47.662°, L | = 80.447 cm, s 1 =43, ty = 4.028 ns, L

Nyounces 2 = 489, toum 2 = 45.75 ns, dT(IPeak? - Peakll) = 41.722 ns
e Error in detector plane of 1mm in y-direction will cause this systematic shift:
A6 ~3mrad, AL, | ~2.2mm, At ., ~11ps, AL » ~24.5mm, At , ~123ps,
AT (IPeak2-Peakll) ~112ps
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Photon detectors in the prototype (0~70-140ps)
Burle MCP PMT (64 pixels): PiL.as single pe calibration:

Efficiency w.r.L. Photonis PMT, MCP #15, blue, 2.4kV, 20040607 Burle 85011-501 MCP-PMT:
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Hamamatsu MaPMT (64 pixels): Hamamatsu Flat Panel HS500 PMT:
Efficiency w.r.t. Photonis PMT, FP #2, blue, 0.9kV, 20040708
Tg sl : ' ' : j 8 33(5) Oparron = (140.5 +/- 5.4) ps
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Distribution of detectors on the prototype

Cherenkov Ring Image in Detector plane
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e 3 Burle MCP-PMT and 2 Hamamatsu MaPMT detectors (~320 pixels active).
e Only pads around the Cherenkov ring are instrumented (~200 channels).
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Construction of the Focusing DIRC prototype

4m-long fused silica DIRC bar:

Spherical mirror:

12/4/05 J. Va'vra
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The Focusing DIRC prototype test beam

Electronics & cables:

Stagt counters 1 &2, lead glass:

12/4/05 J. Va'vra
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Focusing DIRC electronics
SLAC Amplifi

Amplifier outputs from MCP-PMT
er: (trigger scope on CFD analog output),

. 100mV/div, 1ns/div
Overall chain: PIPgEpe

gl Cusrs Mesare  Mah  Uites el

Detector

I
Amplifier output from Amphfler
MCP-PMT (trigger on PilLas),
100mV/div. Lns/div

CFD & TAC | -
| CFD analog pulse out

12 bit ADC

SLAC

el

T

o Signals from Burle MCP-PMT #16, P/N 85011-430. PiLas laser diode is
used as a light source, and as a TDC start/stop.

. Amplifier is based on two Elantek 2075EL chips with the overall voltage
gain: ~130x, and a rise time of ~1.5ns.

. Constant-fraction-discriminator (CFD) analog output is available for
each channel (32 channels/board), and can be used with any TDC for
testing purposes (proved to be the essential feature for our R&D effort).

. TAC circuit is based on Burr-Brown Sample/Hold SHC5320 chip.

o 32-channel/board, VME-based, 12 bit ADC, controlled by FPGA logical
array. TAC/ADC system gives 25ps/count.
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Phillips TDC calibration

E 25‘6 _I_ T T T T T T T T T T T T | T T I T T T T [ T T T ] I T __I
= C =
S *F Data sheet 5™
S 252 | 4 .TDC4
g 25;- __,Ellilllll_illlé'TDCS
3 E 1 .TDCs
o A8 p=
o - 4 « TDC?
9 24.6|— —]
o - - « TDC8
244 s
= o - TDC9
L — . TDC10
21 — - TDC11
238 — « TDC12
236k=i i i 1 i % i Ll a sl i g il g s il i ] g
500 1000 1500 2000 2500 3000
tdc counts

e [sit stable in time ? How often we have to measure this ?

* The differential linearity measured with the calibrated cables. May have to
automatize process with a precision digital delay generator if we get convinced.
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Results from the test beam

(preliminary)



Need a good start signal

 We start TDCs with a pulse derived from the
LINAC RF. However, this pulse travels on a cable
several hundred feet long, and therefore it 1s a
subject to thermal effects.

* By making rolling averages on our local start
counter we can correct out the thermal drifts to

<20ps, even though that our Start counter has a
single beam resolution of 0 ~42ps “only.”
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Test beam setup
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Trigger and time ref: accelerator pulse
Hodoscope measures beam’s 2D profile
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Definition of a good beam trigger
Run 1

Single hodoscope hits only:

e ey L ead glassfor single hodoscope hits:
EEEE E |Single hits anywhere in the hodoscope I
1332; :é ARERN LERERN LLELE LY LLLEE LELEE RLLEE LELLE LN UL
wE E 1200 A ]
MI) y_coord hodoscope profile for sngle hits frm) 1000:_ / e _:
] 8001 Lead Glass 4
E 6001 3
_ 400[- - : —
E 2;_ T T T T i T T " e = B n E E dOUbI% ]
vig = 1 wp /L |-
e é B 050700 150 200 250 300 350 400 450 500
B I R e e B Lead glass - ADC {counts)
z_eoord. {mum)
H

e A definition of “good” event: single hit in hodoscope & tight cut on lead glass.

e Beam are 10 GeV/c electrons (very few pions).

* Hodoscope 1s a x&y matrix made of square 2mm wide scintillating fibers.
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Definition of a good beam trigger
Run 2

Single
Lead glass for single hodoscope hits:

hodoscope hits only:

¢ hits (mm)]

1600 F T

1:22 : |Single hits anywhere in the hodoscope I
fﬁgé : SARRE LRARE RAARE ALY LLLRS RARAN RAARS LAALS LALAN RARL
zn;; SRS 5 E 1000 h 1
y_coord hodossape profile for ngle hits (mun) - .
= = 800 e -
anf 3 600 —
ol E [ Lead Glass
T T ; 400 : : -
i L o i doubles
V T oas B . - ]
5w 2001 / : : ]
-10 0 B

50 100 150 200 250 300 350 400 450 500
Lead glass - ADC {counts)

e  Much smaller beam size in horizontal direction, which is a direction
along the bar, and also along TOP. All timing distribution became better.
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Start counter 1 - Double-quartz counter
Run 2:

Average of 2 pads: Two quartz bars coupled to
| Quartz start counter 1 comrected with qiz. counter 1 ave, ave of 2 pads - single hits 4-pad Burle MCP-PMT
: T T | T T T T | T T T T | T x‘{ !' ndf 17.8 !' 10
: Narrow Norm 3131+63.9
3000 Narrow Mean 41.99 +0.00
- Narrow Sigm0.04287 + 0.00054
C Wide Norm 301+43.7
2500 — Wide Mean 42.07 £0.01
- Wide Sigma 0.06804 + 0.00458
2000 - Background 05031+ 0.7370
1500 =
- o~ 42pS ]
1000 =
5001 L =
0 : L L | I, 1 IJ‘.“" .'F | | — L I_J L L L L | L L L L —l_—
41 41.5 42 42.5 43 435 44

Corrected time (ns)

e Corrections: ADC, hodoscope position and timing drifts.
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Start counter 1 - ADC & z-position corrections

Run 1 ADC correction: Z- position correction:
After: Before: After:

Before:

s o v+

Coomawe TEE fral
sdadbltd,

Padl: Wi § N i

P—— T
fetlity

Commamd
F
it i Il i E
< P HEE
& | i H :
af |II af i | ilE
| | i
if | ifl . |
H 1 I i i al
£5F | | 7sf | ] E | i
L k| : I i FL : 3
! H T HI
Comsted T E [nah
fea reaa BEBR . M
woa = E v n = »w B & a »n = - -
T ™ T T T T
b ] P o
ik 4 H3 4 H3 &
of 3 o

e MCP pads 3 & 4 see more light. Use only those in the average time.
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Start counter 2 - Scintillator counter

Run 2:

Average of four MCP-PMT pads:

| Scint. start counter 2 corrected with gtz. counter 1 ave., ave of 4 pads - single hits I

C T T T T T ¥ Indf 9.458/7
5000 — Narrow Norm 4655 + 92.0
B Narrow Mean 41.992 + 0.00
— Narrow Sigma0.05336 + 0.00087
4000 . Wide Norm 603.9+88.6
L Wide Mean 41.95 £ 0.00
B Wide Sigma 0.1044 + 0.0042
- Background 5.488 + 1.682
3000 —
2000 -' -
- i o ~ S53ps ]
1000 J —
0_ T — |_,._,._I,,_.L‘J.*:| [ I P T R TR N |_
41 41.5 42 42.5 43 435 44

Corrected time (ns)

Quantacon PMT

4-pad Burle MCP-PMT

e Corrections: ADC, hodoscope position and timing drifts.
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Start counter 2 - ADC & z-position corrections

Run 1 ADC correction: Z.- position correction:
Before: After:
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e Use all four pads to define the average time.

12/4/05 J. Va'vra 31



Run 1 Timing stability corrections
1) Stability of the MCC START is monitored by rolling averages:

Profile plot pf Quartz Start counter 1:

+.-'|"M lll'I"'."' i'-'.-.’-f'."'“"-'.-'l- Pl o, .,,f%ﬂ'.* Can see
. o instability
Time = G tal 1 of
Drift [nS] at a i1evel o1.

“Time_cérrection” = 5(Qtz start 1)/ 100 10-20ps

o es
w J.".‘ *.# - - - -~ .’
LSS o, » -
- . . - . ."f “etea
o'

“pe -t

20 ps

i

Elapsed time [min]

2) Stability within our electronics system monitored by 7 timing markers:

marker 1 vs event time, profile

Time s Timing malrker 1 ;q.,’.-'d.* —E Can see

Drift [ns] - w..,..,.,..;"-'"" E instability
38,04 M.h“* {.’ {H"’* hq.‘.* .0’0“ O.w* —E at a leVEI

10 ps = of: 10-20ps

—
=
o

g ] L L '] 1
? 0 20‘.] 400 all iole] 1000 1200

Elapsed time [min]
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Cherenkov ring in x & y pixel plane
Run 2

Focusing DIRC Prototype Occupancy Run 12b, November 16/17, 2005

Slot 2 Slot 3 Slot 4 Slot 5 Slot 6

Hamamatsu Hamamatsu Burle Burle Burle
CFD 3 CFD 4 CFD 5 CFD 6 CED7 CFD2 CFD 92 CFD 10 CFD 11 CFD 12

e Only pixels around the ring instrumented with TDCs.

e Each pixel defines the expected Cherenkov angle and
Lpath, assuming A ~410nm.

average

e Each pixel measures time to 80-130ps.
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Ring resolution from x & y pixels

Peak 1
A ﬁ |All slots & pads: Chromatic correction off Run 1
[T T TT I LI I LI I LI I LI I T I- xzfndf 1_1158"‘04!10
Position 1 12000 - Marrow Norm 5725+ 4.0
- . MNarrow hean .75 £0.00
> 10000 Combine both Narrow Sigma  0.5297 + 0.0038
n peaks 1&2 Wide Norm9.846e+07 + 103440632
O Wide Sigma 9.292 + 0.334
8000 — —
v L i
Peak 2 6000 O ~9.2 mrad —
4000 —
2000 —
B | T | Ll . = ‘I’ [k B b al =R ook m P R |_
42 43 4 45 46 47 48 49 30 31 352
Cherenkov angle - uncorrected (deg)
Preliminary - must still include the geometry tweaks, etc.
Mirror See a clear pixelization effect.

12/4/05

Already better resolution than BaBar DIRC (~9.6 mrad).
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Cherenkov ring in the time domain
n 2, Pixel #25, Slot #4

ﬁ

Position 1
>
IIIIIIII EEN >
IIIIIII an >
Position 4
>
IIIIIII an >
Position 6
Position 7
>

Mirror

500

400
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Position 1 -

Position 6 -

[]7\||\\\|\\|\|\||\

Ru

350
E LK)
300~ POSlthn 4 —
50; 3
'(JO; -
1503— _f
mof— —f
mf_ Lw ﬂ\ ;
0:‘. \J a Ll | Ll Ml e
20 30 35 40 5 50 55 60 65 70
Ny RRREN R L R R B R
g oo 1
sof- Position 7 -
200
150
100~
50—

70

TOP [ns]

 Two peaks correspond to forward and backward going part of the
Cherenkov ring (the backward part is reflected by a mirror back).

12/4/05
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Peak 1

=7

Position 1

Peak 2

Mirror

12/4/05

>

Expected TOP and Lpath

F‘,II slots & pads: Expected TOP = Photon Iime-of-pmpagaliui R 1
10‘ T T T T T T T T T T T T T T T T T T T T T T T T T T un
= | Peak1 E
10 = —
0 = —
C N T S S S S R RS N N 1
a 10 20 30 40 50

o Oy
P

Expected TOP = time-of-propagation {n

All slots & pads: expected Total photon patf TOP [nS]

104

g,
|

[}
[
o
[+

2
:

Lpath [m]

g

8§ 10
Expected Lpath = Total photon path length {

Integrate over all pixels
Bar length:

- (Peak 1): beam pos (window 1) to bar beginning

- (Peak 2): beam position to the mirror and back to the bar beginning

J. Va'vra
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Run 2 Example of the analysis
Slot 4, smgle pixel #26, Burle MCP-PMT

Peak 1 R 2 ¢ The largest chromatic effect
A 3 Peak 1 Peak 2 3 o o oge
ﬁ “EArb. I3 is in the position 1
Position 1 = offset g calculate >: 2 ¢ Peak 1: ~75cm photon path length
> > E
oF 1 E Peak 2: ~870cm photon path length
. % Dcmé e Calculate TOP using average A.
M = i T * Plot ATOP = TOPmeasured'TOPexpected
Peak 2 :Z - Peak 1 it | o ATOP (Peak 1) was tweaked
" islite | arbitrarily to zero.
w0 Opeak ~118ps 3« ATOP (Peak 2 - Peak 1), was
&3 E calculated.
R R T 1« Many corrections needed:
mw TR —n - MCP cross-talk
- Pealc 2: E"‘:mﬁ: :%éggg:ﬁg - thermal time drifts
mE- / —_— B - cable offsets (PiLas)
E / \ Opea ~ 428ps 3 _ TDC calibration(PiLas)
Mirror 2”5_ SL) —E - geometry tweaks
s T o Observe a clear broadening of the

ATOP = TOP_measured - TOP_expected [ns] timing peak for the mirror-
12/4/05 J. Va'vra reflected photons. 37



Run1 Chromatic growth (include all pads/slot)

Slot 4, all pads, 1-st peak

Slot 4

pel T T SETA
- Narrow Norm 1034£17.7

r Narrow Mean 0.01741+0.00276
1000 Peak 1 Narrow Sigma  0.1611:0.0028
- Wide Norm 1718487

L Wide Mean 0.4274 +0,0209
800— Wide Sigma  0.41650.0113
600— .
400 -
200— -
0_‘ PRI BT RRTRNT A Ll [T =
-3 -2 -l 0 1 ) 3
TOP-measured - TOP-expected (ns)

[Slot 4, all pads, 2-nd peak|

crr T ‘ L | T T 171 ‘ T lend' 86.64!8]
250__ Warrow Norm 2056450
- Peak 2 Narrow Mean-0.06105 £0.01143

L Warrow Sigma  0.5121£0.0122
200 70 Wide Norm 34.3113.55
r Peak + U Wide Mean 0.4310.064
Wide Sigma 1931009

so- ~ S12ps
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""I.Fﬁ%qu

- .
+ .,
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Slot 5, all pads, 1-st peak|

Slot 5

Slot 6, all pads, 1-st peak|

Slot 6

[Slot 5, all pads, 2-nd peak|

TOP-measured - TOP-expected (ns)

[Slot 6, all pads, 2-nd peak|

L B B L Y 07 1T 1600f"“"““""‘xl!ndf 027728
L Narrow Norm 1381£213 - Narrow Norm 13251279
= Peak 1 Narrow Mean 0.06087 4000223 1400 Narrow Mean 0.08785 +0.00434
r Narrow Sigma 0.141920.0023 C Narrow Sigma 0.2217+0.0040
__ Wide Norm 2189486 1200~ Peak 1 Wide Morm 28761228
C Wide Mean 0.4353£0.0190 - Wide Mean 0.5189+0.0335
r Wide Sigma  0.389320.0108 C Wide Sigma  -0.4168+0.0137
O 1 1000 -
C Peak ] C ]
- ~142ps ER e
- 4 ol =
- 1 - .
= 3 w0- =
e Ly ol TS il W N 0_ IR R RRRTR I v e ey Iy TS
3 -2 -1 0 1 2 3 -3 -2 -1 0 1 2 3
£)

TOP-measured - TOP-expected (n

~ 639ps |

i AR PR BRI LS R

—|II|II|.|IIII|

e I

150

m

50

0

l
R
=
~1

=]

72

v

T 1T ‘ L ‘ 1 T T ‘ T xzindf 96.44’77 : T T T ‘ L ‘ T 1T | T xl',nd' 162/81
Narrow Morm 2104469 2501 Narrow Norm  196.8+19.5
Peak 2 Narrow Mean-0.04383 +0.01811 - Peak 2 Narrow Mean-0.1216 + 0.0523
,+% Y Narrow Sigma  0.839£0.019 F Narrow Sigma0.8065 + 0.0288
" 4| Wide Norm 32.85+5.49 r WideNorm  67.59+16.80
o © N WideMean 115940234 M-Opeak WideMean 103740242
Peak 3 “Wide Signa 128740103 ; WideSigma  1.11:0.08
i T u

T L i ITEER N IR R R LTSRN

-

A

3 -2 -1l

0

1 2 3

-3 -2 -1

ATOP = TOP_measured - TOP_expected [ns]
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Monte Carlo prediction of the chromatic behavior

Position 1

BOO — J
E . 600 r W
E w0 | -
" [ hat .
= “in 00— | o
50 55 00 650 300 50 550
Wavelength [nm] W gth [nm]
Dirc_slot2 Back ph. rc_s| ack ph. Dirc_sloté Back ph. Dirc_slaf Back ph.

Entries 27955 Entries 63129

— | Mean - 1 O = e L] 419.5
2,36 =

) _'Z.'~| 1400

_ Peak 2 g Peak 2

200 : 1 L,
E L E g
w0 | L. 20— | A
O e || =il P BT PR B BT PR . SO B
300 350 400 450 500 550 600 650 300 350 400 450 500 550 600 650
avelength [nm; Wavelength [nm]
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Ring resolution from TOP measurement

Peak 1
A Al slus & pas, -5t peam: Megstred TOP ALyl
/ e A A I
i % Peak 1 -
Position 1 B ca :
ot Z
i =
s =z
v mf_ —_
Peak 2 ¥ X I S S
W i)
é\l slits & éads‘ 2 Eeak: Heasured TOPEaH
L B B B LR
mF
o Peak 2
:
433:— (] l [
m:— —
4 MR SR BT, WO R R
! I i i i 5
TOP/Lpath [ns/m]
Mirror

12/4/05

e  Use a pixel to determine the photon path length Lpath

\ All slots & pads, 1-stpeam: Measured N_group index |

q.l 13 14 135 16 17 18 19

1

N_group index

\ All slots & pads, 2-nd peak: Measured N_group index |

P P N W | W W N
9.2 13 14 15 16 17 138 19

index

N

group

E

Assume: =1

Run 1

0 ~19.2 mrad

1 (worse than BaBar)

TIPTTTTTT T G ingr saas 140
Constamt STSR+38
“F From i oees
sk Peak 1
a00f- ()Illy —
300 ]
= I>
200_— E
ILI(J-—
n- IIIIIIIIIDIlIlIIII(III:

Cher.angle from TOF/Lpath - projection

44 45 46 47 48 43

| 0~6.5 mrad
{1 (better than BaBar)

L I savalens 1 L
44 45 46 47 48 49 S50 51

Cherenkov angle [deg]

The 2-nd peak already yields a better resolution than BaBar. Probably
because the Burle MCP-PMTs are effectively making a chromatic cut.

e TOP will compete with a x&y method probably for Lpath > 3-4m

J. Va'vra
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Present BaBar DIRC : Error in 0,

J. Schwiening et a., Nucl.Instr.& Meth., A502(2003)67

IR
\K’WS  Per photon:
Purified Water // S
fEhl g\ BBy ~1mrad
5.00 mm Widt "//f/ atcher \\ \\ ) _
Ty L 4 A ghyomatic ~0-4 Mrad
Wedge / ! ‘I""‘, _ D
R / P " PAIT 5“”6‘30/‘-, "‘.‘ Aetransportalong the bar 2-3 mrad
i[e- m— L Sk — ABpy thickness ~4-1 mrad
4.90 m | ; mme el 117 m - - —_~
ABpyit pixel sz¢ ~2-0 Mrad, etc.
bk
. I - Total: A@photon ~ 9,6 mrad
40000
: * Per track (N, ~18-60/track):
&, track — hoton
£ 20000 Aec - Aecp / \/Nphoton ® AOtrack
~ 2.4 mrad on average
0 | | |

-50 0 50
A GC._,r (mrad)
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Can we correct the chromatic error ?

12/4/05 J. Va'vra 4?2



Chromatic broadening of a light impulse

Dispersive medium

In;I:ut
: > oo
—ﬂ&,
0 . 2 \ f t
( \I\\ | Red gets ahead of blue !! |

iy
BE

dt=L A dA/cy*!|-d*n/dA*|

dt is pulse dispersion, fiber length L, wavelength bandwidth dA, refraction index n(A)

 Well known effect in the fiber industry
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Chromatic effect of the Cherenkov light

cos0.=1/ (N pase B)

Voroup =Co / I =c,/[n
(blue)

(blue)

A Beam

- A*dn . /dA]

group

(red) <n
(red) >v

phase phase

phase phase

group group

Detector
Mirror

Bar

O,... = 90° (perpendicular to bar)

* Red goes faster than blue - this tends to minimize the timing difference
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TOP(MA)-TOP(6500A) = f(wavelength, bar length)

24 1

2.2.

20 +
1.8 ..

1'4 u‘lx lllll
1.2 +

0.6 +

TOP(A) - TOP(6500A) [ns]

02 +
0.0

164 @

10 A/. ~1ns
08 + TAA

04 JaYeuuuns

---A--- Quartz bar eff. length = 350 cm

---@--- Quartz bar eff. length = 700 cm

Weight = f(photon wavelength)

3000

C

track

3500

4000

4500 5000 5500 6000 6500
Wavelength [A]

= 90° (perpendicular to bar).

Photons propagate in y-z plane only in these calculations.
1-2 ns overall range. Need 100-150ps timing resolution to parameterize it.
Because of the weighting function, it will be a small effect

12/4/05
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Expected chromatic correction

10 -
dTheta = -5.0241*(dTOP/Lpath) + 5.401%*(dTOP/Lpath)
_____________________________ 0.8
«—— FWHM —»
oA T A
E - /::’;\XILT\\
S ~10mrad [~ e o i e / h
: ‘ ..iTOP_/L;;au. [ns/m]
% | ﬂ.ﬂ f f
_ 0 0* ( )
010y .00~ P00 005 040 015 0.20
______________________ Q]
06

dTOP/Lpath [ns/m]

An average photon with a color of ~410nm arrives at 0 ns offset. A photon of
different color, arrives either early or late.

The overall effect is small, only ~10mrad, i.e., everything has to be right to be
able to see it in the data.

12/4/05 J. Va'vra 46



d(TOP/Lpath) - variable to use for the chromatic correction

pes UL A p Gots, all pads

A [ all slots & pads, 1-st peak: (TOP-meas - TOP-calc)Lpath |
/ N L R R T 81.57 169
. 1200 Pegk 1 Narrow Mean 0.00591. 000575
P t 1 O ca " o, .
ositlon > ok e sana ooz 20000 | Peak 1 is hopeless for
r Wide M.ean 0.2312i0.0147 . .
800__0-Peak Wide Sigma 0.4257_0.0131_ determlnlng Of the
- ~191ps/m ] . .
s00F- p 1 chromatic correction
v 400 =
Peak 2 200F =
0: el AP EN EU ERPIN I PR IR I
-1 -0& .06 -04 -02 -0 02 04 06 0% 1

d{TOF/Lpath) (ns/m)

[All slots & pads, 2-nd peak: (TOP-meas - TOP-calc)/Lpath |

s e ameme | Peak 2 has a good
- Peak 2 | Namow Sigma.— 00706.-00008 . s
o] e e | precision to
ool Gy : E determlrfe the .
oo ~71ps/m 1 chromatic correction
: - (Lpath > 8-9 meters)
| 1000 -
Mirror c - . 1
N I B e

d(TOP/Lpath) =
(TOP/Lpath)_measured - (TOP/Lpath)_expected [ns/m]
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A method to determine the chromatic correction in the data
Run 2 All slots, all pads, Peak 2 only:

Peak 1 | All slots & pads, 2-nd peak: d{Cherenkov angle) vs d(T OP/L path) I |A|| slots & pads, 2-nd peak: chromatic corr. Ofﬂ
A LI B e o qE5TaT 4D00FT T T T T TRTYAT]
L6 po 1.174 £0.006 E Marrow Morm 1897 2238
Peak 2 p1 0.05864 £ 0.06121 3500 Narrow Mean 47.78+0.01
£ E N Si 0.5402%0.0071
" 14 B2 32987081 3000F- Peak 2 Wide Norm2,2d4e-08.+ 3195458
Position 1 ' E Wide Sigma 1057 40.68
> : 25000 . E
12} xoor. Chromatic 0~9.4 3
, { } swf. correction mrad -
] 1= ] o E
1)) L i 10001 OFF =
v _g 08— Profile plot . S00F- E
el R N EUEEN INRTETE A AU B B ok ! ! | N I P L [
Peak 2 -02 -015 -01 -005 -0 0.05 0.1 0.15 0.2 42 43 44 45 46 47 48 49 50 31 52
/ @\ Cherenkov angle - uncorrected (deg)
?ﬂ | All slots & pads, 2-nd peak: d{Cherenkov angle) vs d(T OP/L path) I | All slots & pads, 2-nd peak: chromatic cort. on I
=] B B e e e R Q0D T T T ST
F E N M 1938+ 28.5
s 3: Peak 2 3500 sz M‘;x 47.76£0.01
. """ == F Narrow Sigma  0.5703 = 0.0107
> 3000i Peak 2 Wide Norm 1.001e+07 + 57787484
() 3 - —-————c— " E Wide Sigma 9.738 + 0.876
-l 2500 . =
g il o b, Chromatic 0~9.9 -
O e = . E
S F correction E
O o 1500F- mrad 3
= u 1000 ON =
o -1F 500F- =
c D P T N T N I I S 0:.".l‘H.lu..m..‘t‘.-r'.'u...‘ ; et
-%).2 -015  -01 -005 -0 0.05 0.1 0.15 0.2 42 43 44 45 46 47 48 49 30 31 52
d(TOP/Lpath) [ns/m] Cher. angle [deg]
Mirror

e Still needs a very precise TDC calibration, tweaks in geometry, etc.
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Performance of Focusing DIRC vs BaBar DIRC

Focusing DIRC assumptions:

— 10 . .
E 8 é’ _____________ - ¢ =Present BaBar DIRC
E ¢ : . - @ -Focusing DIRC prototype using x & y pixels only
5 6" '\""‘é‘ "I = & -Focusing DIRC prototype using TOP
": ‘0 “~ ‘.\ : T T
g 4 "?-*-Q?:‘Qh- """""""""""""""""""""""""""""""""""""""
2 AR S
@ 2 R A S ﬁ R'ﬂ'f_\ """"""""""""""""""""
= | TTAsA- A
=0 ! ! ! !
25 35 4.5 55 6.5 7.5
Momentum [GeV/c]
Contribution to BaBar Focusing DIRC
Cherenkov angle DIRC prototype
resolution [mrad] (using x&v (using x&y
pixels) pixels or TOP)
ABtrm:lﬂ ~1 ~1
ABchmnmtit ~54 ~54
ﬂetranﬁpurt along the bar ~3 ~3
Aehﬂr thickness ~4.1 ~1
ABpyit piset size ~5.5 ~>.1
Total Aﬂclﬂi"m“ ~93 ~81->65
Measure ~9.6 ~9.2
(preliminary)
12/4/05

J. Va'vra

- optics to remove the bar thickness

- similar efficiency as BaBar DIRC

- improvements in the tracking accuracy

- x&y pixels are used for Lpath <3-4 m.

- TOP is used for Lpath > 3-4m.

- The chromatic error is not improved
by timing.

- Pixel size 6x6mm?.

One can improve the Cherenkov
angle determination using the
x&y pixel method, if the pads are
made rectangular, say 2x8mm?

Further improvements are
possible if one succeeds with the
chromatic correction.
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Plan for the 3-rd run in the beam
(Spring 2006)

 We will have four new photon detectors in the prototype
with rectangular pads:

- “Open area’ 1024-pixel Burle MCP (25 um MCP holes),

- “Open area’ 64-pixel Burle MCPs (25 um MCP holes),

- “Small cathode-to-MCP gap” 64-pixel Burle MCPs (25 um MCP holes),
- 256-pixel Hamamatsu Flat Panel MaPMT.

 We will create the rectangular pads to provide finer
sampling along the y-direction, which will reduce the
pixelization effect in the Cherenkov angle space

e One slot should have a MCP-PMT with suppressed tail
(a small cathode-to-MCP distance of 0.75mm).
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New 256-pixel Hamamatsu MaPMT H-9500

A proposal how to connect pads:

256-pad Hamamatsu MaPMT --> make it a 64-pad device

1 2 3 4 & & 7 &5 9 10 11 12 13 14 15 16

i | | |
z o | | | L
3 | —— | |
4 - | — L
5 | —— | |
S N s o
7 ] ] = L]

s | Ewm]| | £ 2 = [H
e El | E s
10 S | | Z £ s [
11 =L -] = s | ]
12 -] | == |
iz [ —— | L
14 C A L
15 [ —— [ |
16 || -

e Large rectangular pad: 1x4 little ones
e 256 pixels (16 x 16 pattern).

e Pixel size: 2.8 mm x 2.8 mm

e Pitch of 3.04 mm.

* Very neat connections
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“Open area” 1024-pixel Burle MCP 85021-600
r o '\ T A proposal how to connect pads:

1024-pad Burle MCP --> make it a 64-pad device

10

1z
13
14
15
16|
17
18
19
20
21
22|

16 channels
16 channels

16 channels
16

e Large rectangular pad: 2x8 little ones
e Small margin around boundary

e 1024 pixels (32 x 32 pattern)

e Small pixel size: ~1.4mm x 1.4mm

e Pitch: 1.6 mm
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“Open area’ Burle MCP 85012-501

* Small margin around the boundary
e 10 & 25 wm MCP hole diameter
e Pad size: 6 mm x 6 mm.

e The MCP-PMT still has 6-7mm
cathode-to-MCP distance, thus
making a long tail in the timing
distribution

* (Can change the resistor chain. Will
study if the tail can be supressed by
a choice of the MCP operating
voltages
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Conclusions

We are just at the beginning of a long road.

Clearly, a challenging detector, requiring new approaches to the
calibration, software design, etc.

Many detector questions: geometry of MCP-PMT, aging, rate
capability, efficiency, reliability, electronics, timing method, etc.

The Focusing DIRC can operate as the BaBar DIRC for photons of
shorter Lpath, or, as a TOP counter for photons with longer Lpath,
or even as an ordinary TOF counter in a certain region of the phase
space.

Cherenkov angle resolution of the prototype already surpassed that
of BaBar DIRC when used as the TOP counter, even in this early
stages of the analysis.

Nagoya TOP counter is more sinple. If the background will be small,
such detector may be sufficient. However, at this stage of the game, it
is good to have more general device, which allows a measurement of
all three variables: x, y and TOP.

A lot of fun; intelectually very satisfying detector; but, hard work....
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Additional slides

J. Va'vra
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Single photoelectron timing
resolution at B = 15 kG

12/4/05 J. Va'vra
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Burle MCP-PMT with 10um holes

J. Va'vra

4-pixel MCP-PMT 85001-501 PO1
tube for the initial tests.

PMT has two MCPs with 10 um
dia. holes

Cathode-to-MCP distance ~6mm
According to Burle, this particular

10um MCP should produce a gain
of ~10¢ at 2.2k V.

Setup had a capability to measure
sensitivity to angles in 5° steps
between the magnetic field and axis
perpendicular to the face plate.
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Choice of amplifier and timing results at B = 0 kG

500mV/div, 1ns/div, 2.2k V: e Ortec VT-120A amplifier, gain of

File  Edt  Vertical  Horizfacq T Display

e 200x, (ds /dt),_, ~ 1.2V/1ns

e Elantek 130x amplifier gives a smaller
pulse height than the MCP with a 25um
hole diameter for the same operating
voltage. The Elantek for this gain has a
rise time of ~1.5ns. At 2.2kV, the
Elantek produces barely ~100mV
pulses, much less than the 25um MCP
at —2.4kV with a gain of ~5x10°.

w F i i  Explanation: Elantek amp is too slow
o [ O1~52ps iﬁ“ ;%32 for this particular MCP.
300 o, ~+157 ps ovrLw e e The detector controls the choice of
250 it ST 0 amplifier: If the amplifier is too slow
w r 0 compared to the detector, one reduces
= | EE E;E the maximum peak amplitude for a
00 | s s given gain. On the other hand, if the
0 j ™y e 09T3E 03 amplifier is much faster than the
T e e detector, one increases the noise.
TDC {counts)
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00 |- 100

r Entries 2668

B Mean 708.5
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C UDFLW 2400

- -+ OVELW 12.00

200 | ALLCHAN 2632.

g, ~ 117 S  ndt 8759 / 50
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P3 2.495
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100 - P5 707.2
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) : : B  allowed
= & | B =15kG Voltmee
° \B=101kG I o
S P\ 5 a L
o] Y ! ! v !
= 5 : : 5 !
g 0 g‘""‘; """"" o o R S
o 5 5 5 b
E‘D : Q\ | | | !
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Timing results at B =15 kG

Ortec VT-120A amp

Initially, there was some
confusion what the maximum
allowed voltage. Burle initially
thought that it is -2.4kV. After
I have *“‘overvoltaged” the tube
to -2.7kV to get a decent timing
result at 15kG, Burle corrected
the max voltage value to -
2.85kV. I could have gone
higher. This means that it is

possible to reach a resolution of
o ~30ps at 15kG.
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Sensitivity to volatge at B = 15kG

Ortec VT-120A amp, -2.65kV, 50mV/div, 1ns/div:

V=-24kV, B=15KkG, 50mV/div, Ins/div V=-25kV, B=15kG, 50mV/div, Ins/div

spisy s

V=-2.6LkV, B=15kG, 50mV/div, 1ns/div V=-27kV,B=15kG, 50mV/div, Ins/div

£ak g Depley O

The necessary voltage to get a good timing resolution
is 2.7-2.8KV.
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Sensitivity to angular rotation at B = 15kG

Ortec VT-120A amp, -2.65kV, 100mV/div, 1ns/div:
© = 0° (face perp. to field) O = +3° (tilt to left) 0 = -3° (tilt to right)

CETT

e The MCP can be tilted by 3-5° before pulse height is affected.
At 10°, one sees a clear reduction of the pulse height, but the tube
can still be used. At 15° and above, the response is killed entirely.
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Aging of MCP-PMT

J. Va'vra
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Aging of MCP-PMT

Aging due to damage of the photocathode by ion bombardment.
Burle claims a ~50% loss after of ~10 C/25cm? area of MCP-PMT.

Example: DIRC single photon background rate is: ~200 kHz per 17 dia
PMT at a luminosity of ~103em-2sec!. If I assume that ~1/3 comes
from the bar, we run ~6 months/year, then after 10 years, I get about
~1013 pe-/cm?. This translates to ~ 1-2 C/25cm?, if we would have the
MCP-PMTs in the present DIRC. It is dominated by the LUMI-term,
caused by the radiative Bhabhas striking beam components.

Nobody knows how to scale things for a Super B factory with a
luminosity of > 103° cm2sec-!, however, it is clear that one has to
pay attention to this problem.
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