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Improvements compared to BaBar DIRC

Timing resolution improved from o ~1.7ns -> 6 <150ps

Time resolution at this level can help the Cherenkov angle
determination for photon path lengths Lpath = 2-3m

Time can be used to correct the chromatic broadening

Better timing improves the background rejection

Smaller pixel sizes allow smaller detector design, which also reduces
sensitivity to the background

Mirror eliminates effect of the bar thickness



Examples of two “DIRC-like” detectors

TOP counter (Nagoya):

e 2D Imaging:
y

| % % . r00mm a) x-coordinate
g il = b) TOP (o =< 70ps).

photon detector

e 3D Iimaging:
a) x-coordinate

b) y-coordinate
c) TOP (o < 150ps).

X, Yy, Time
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Focusing DIRC prototype design

Design by ray tracing: e The Focusing DIRC prototype

optics was designed using the
ray tracing method with a help

of the mechanical design
N : 23 program (no Monte Carlo
3 available in early stages !!).
\\'\\ iE - |« The focal plane adjusted to an
NN = | < angle convenient for easy work
el ok e space filled with oil,
- Lol || e Red line (with oil ) - running in
el i the beam
— e Green line (no oil) - laser
— e check in the clean room
e Spherical mirror R=49.1cm
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Photon path reconstruction

Focal plane

Calibration Fiber

Geometry: piie
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 Each detector pixel determines these photon parameters:

0., o, oy, cos a, cosf, cosy, Lyt — for aveerage A

propagation?® Ny ounces
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Initial edsign with a spreadsheet calculation
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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°, path 1 = 80.447 cm, n, ... 1 = 43, Coath 1 = 4.028 ns, path 2 = 913.58 cm,
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-Peak1l) ~112ps
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Rings from outside bar are well focused

(Jose Benitez independent check of the focusing design)

focal Ring images at the End Block:
plane e
>E_| 6()5— —i
focusing w: // :
mirror ssE \t/// / 3
405_ \—/ _E
4 17mm|
30F- =
T I B I
: End Block X mm

Cherenkov rings in the detector focal plane:
©o i— 0=47°, direct tracks only ! —i
40 |— §§§§ i ; —
- HH H \ i -
o H il =
OF B
= HH~1mm -
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Rings from bar are blurred in outer slots

(Jose Benitez)

focal
plane

focusing
mirror

"

mirror

6/14/06

Cherenkov ring image ray traced from inside the bar
is blurred in the outer slots - this is a bar effect.

y 0=47°, indirect tracks only

I

M 1 M M z M 1 2 M M ™ 1
— 200 — 1 OO L& ]
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When assigning the parameters, such as 0, & direction cosines,
to each pad, it is necessary to average over entire pad

- Bar introduces kaleidoscopic images on the pads
- This effect shows up only in the test beam (in BaBar, one would integrate it out)
- One needs a MC to understand effects like this.

Slot2_pad8 Hits Slot2_pad8 Hits Slot4_pad27 Hits Slot4_pad27 Hits
Mean 0.003552 J. S' & I. B. Mean0.0004589
f— T 1 Mean 0.008812
B Toe oD
0.2
0.1 o
: original
Of signal
0.1 hox”
-0.2]
-0, 3 P et 3 _ |
-0.30.2-0.1 0 0.10.20.3 -0.30.2-0.1 0 0.10.20.3
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Photon detectors in the prototype (0~70-150ps)
Burle MCP PMT (64 pixels): PiLas single pe calibration:

Efficiency w.r.L. Photonis PMT, MCP #15, blue, 2.4kV, 20040607 Burle 85011-501 MCP-PMT:
: . = —0
§ 0 e . Oparrow = (70.6 +/- 1.6) ps
0 & 600 E . G =(217.0 +/-8.5) ps
2 -
40 3 500
: o b MCP #3
o 300 -
. = Tail 1"
20 200 L)
o 10 F
0 - o O e e o e 5 _.
0 2 25 3 3.5 4 4.5 5 5.5
x(;um:! Tlme [nS]

Hamamatsu MaPMT (64 pixels):

Efficiency w.r.t. Photonis PMT, FP #2, blue, 0.9kV, 20040708

Hamamatsu Flat Panel H8§500 PMT:

CE A S 5 S 2 = (140.5 +/- 5.4) ps
> [ R - ! z 200 O prrow = (219.1 +/- 41.6) ps
40/ é 175 D
_ _ 3150 :
Py MaPMT #2
g =t 100 "
i L 75
101 . 50
- . i 25
ok ) N 0 PRI RTPETTUT PRI
) (I) IIG Elﬂ 3h filﬂ Sh 3.5 6 6.5
X (mim) Tlme [nS]
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Need a good start signal

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

* To protect against thermal effects, we have several local Start
time counters providing an average timing resolution of o
~35ps per beam crossing. In addition, averaging over 100
consequtive events, we can correct slow drifts to 10-20ps level.

e However, In practice, the analysis of the prototype data
shows that the LINAC RF pulse is the best start, i.e., no
local correction is needed.
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Test beam setup
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Beam enters bar at 90 degrees. e Trigger and time ref: accelerator pulse
Bar can be moved along the bar axis ¢ Hodoscope measures beam’s 2D profile
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Definition of a good beam trigger

: : Run 2
Single hodoscope hits only:

s Lead glass:
4UU_:| TTT T T TTTT

| |II]III[ I'I]IIIIIIII][I[
1000
800
600

350 -

G U R M p2RT RA A R AR |

8 B 8 8 B
g 8 E B E

C s | T e
00 50 100 150 200 250 300 350 400 450 500

Energy (ADC counts)

Good beam trigger definition: single hit in the hodoscope, good energy
deposition in the lead glass, and good quality local start time hit.
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1. Start counter 1 - Double-quartz counter

Average of 2 pads: 4-pad Burle MCP-PMT:

| Cuartz start counter | corrected with gtz. counter | ave, ave of 2 pads - single hits

Local START

Counters:

ﬂmm iy
e et 3. Overall average
il o~42ps - of Start 1, Start 2
and Quantacon
U: ........ j|L|JL|':‘ °
4 e 5 i = Ccnrrcf:t'?c.gtimc(nlsg1 Counters.
2. Start counter 2 - Scintillator counter S S

Average of 4 pads: -0 ~36ps

[BLHS —
l Scint. stant counter 2 comected with gtz countier 1 ave., ave of 4 pads - single hits I e
0] o T ndf 9458 /7 : -

Marraw Norm 4655 + 92.0 - 00— —

LA o e o e o g e
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r Marrow Sigma0.05336 + 0,00087

2000 Wide Norm 6039 1 88.6

- Wide Mean 41951 0.00

B Wide Sigma  0.1044 £ 0.0042
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3000 — =

znon:— 0 ~53ps —i
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e Corrections: ADC, hodoscope position and timing drifts.
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Focusing DIRC prototype

Setup in End Station A: movable bar support and hodoscope Setup in End Station A
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Cherenkov ring in the time domain

Pixel #25, Slot #4
Peak 1 . . s s s s s e e e
A 50!'1_ il 550%:‘ e -]
/ / : Peak 1 Position 1 ot Position 4 |
0 = )
Position 1 : Peak 2 = mﬁ;"
< b mirror ] o
ook reflection 1 150
lllllllllll> I Im:— _:
ea i L : : 1
EEEEEEENNER > C_:.C,'__LO"_ i ; = ; 3 i '10 = gé_;_;..ﬁ__-L_-{d_;_;_s:ﬁ._-_. ._w_-__-.i..a_ja_a.,_.:
Position 4 >
1000/ Position 6
EEEEEER III> Em__ __I
500
Position 6 j
> Jm_— :
3)05_
IIIIIIIIIII> :
Mi;ror q,h' 0 40 50 6l 70

hit time (lns}.
* Two peaks correspond to forward and backward part of the Cherenkov ring.
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Typical distribution of TOP and Lpath

Peak 1
A
// F‘,II slots & pads: Expected TOP = Photon Iime-of-pmpagaliui

. i " T Tl T T Tl [Tl [Tl Tl —g [ —d—— DTl —— [yt =
Position 1 > = Peak 1 Peak 2 3
= E
Peak 2 - 3
0 T R E— T 50 30
Expected TOP = time-of-propagation {ns)

All slots & pads: expected Total photon patf TOP [nS]
104 E_ """"""""""""""""" _E
oL -
o -
U_ — ?l o i o é Elxpe,;:tadlL :;1 Total hotm ath length { I)2
path = Totel photon path length {m

: Lpath [m
Mirror pat [ ]
e Measured TOP and calculated photon path length Lpath
* Integrate over all slots & pixels
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Cherenkov Angle resolution in the pixel domain

Occupancy for accepted events in one run, 400k triggers, 28k events

Cherenkov angle from pixels:

| All slots & pads, both peaks: Chromatic correction off I J.S.

* 0, resolution ~ 10-12mrad s e = - "4706
- PRELIMINARY RMS 0.7861
25000— Integral 1.417e405
®  Assign angles to each pads averaging - IR SHBSEIN 22
over the entire pad for A = 410 nm. 20000 ik O
E Background 512.8i9.6_
e  Clear pixelization effect visible; this would 13000 —
: : : - 0 =10.3+ 1.0 mrad J
go away if we integrate over variable TiEE =
incident angles or use smaller pixel size - :
5000 — -
* 0, resolution should still improve with - E’. 2
better alignment & better MC simulation Y S T Ty T S T R T R N
0. from pixels (deg)
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Cherenkov Angle resolution in the tlme domam

4000 ' : ' ' '

Method: 35005_ A O parrow— 7 5 1 Omrad_
. Use measured TOP for each pixel so0of. POSITION PRELIMINARY

- <path>=3.8m :
. Combine with calculated photon 0 T

path in radiator bar - Lpath 2000;

1500

. Calculate group index: -
ne(A)=c,  TOP/ Lpath 10005

5001

. Calculate phase refractive index n-(A) - > :
from group index nG(}\,) 060780 800 820 840 860 880 900

L L L +

PRELIMINARY ! = 6.6+1. Omrad

narrow

. Calculate photon Cherenkov angle ©, hopy ©
(assuming B =1): 6c(A) = cos™t(1/nc(N)) 3% position 1

3000;_ <path>=9.7m
. Resolution of ®, from TOP is 6-7mrad -
for photon path length above 3 m.

2500
2000%—
«  Expected to improve with better 1500/

calibration. 1000F.

500

():l_Jllll .’.| 1 - B it -
760 780 800 820 84() 860 380 900
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Summary of preliminary results:
®, resolution from pixels is 10-12 mrad.

®, resolution from time of propagation (TOP) improves rapidly with path

length, reaches plateau at ~7mrad after 3-4 meters photon path in bar.
JV.,5.12.2006

Cherenkov angle resolution = f(L_path)

[y
=)

—
=] = (&3 =
1 1 1 1

=

+ Pixels

i

mTOP

Angular resolution [mrad]

o

<

Photon path in the bar L_path [meters]
Comments: a) The present TOP-based analysis assumes § = 1,

b) In the final analysis we will combine pixels & time into a maximum likelihood analysis.
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Geant 4 MC simulation of the prototype

. [ #F0ree e aficlreeshn 1.S.&LB.
: : : : : : : G4 simullation |
% | | | | | | ! variable Iambda 20060414
"0 I S A S E I R R
| | | | P11|xel blased' resolluthn
.1t ____I__'_i _____ I___ﬁ:_ '_+_'_i___TT+7 ____ [
= h % U% %‘iﬁ %*| | !F%ﬂ |
£ | | | | | | | | |
O T e O e A I I
z | o | | | | | |
e o A e e
z | | | |
g | | | | | FF4} I} |
Eal L__J___L__J;%lL_;ji_J___LLJJ__L
|
| | TOP-based resolution
| | | | | | | | |
£ T ey B B
| | | | | | | | |
. | | | | | | | | |

photon path in bar (cm)

e Data and MC almost agree; still some work needed for
pixel-based data analysis
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Chromatic behavior of the prototype

Chromaticity of various radiator materials

Refraction index

150 200 250 300 350 400 450 500 550 600 650
Photon wavelength [nm]

27, 12.21.2005

Bialkali QE

0.35 T T

® - Burle MCP-PMT :
0.30 11 A --Hamamatsu MaPMT H8500 |-

. : -4 --ETL 91258 PMT ;
0251 ‘ t i N RN D L
0201

5 :
0.151--
0.10 14
0.054-4 -
‘0 ﬁ ﬂs
0.00 ; ; : ; : ¢*‘ g“ﬁm
250 300 350 400 450 500 55(] 600 650

Wavelength [A]

1.2

14

0.5 &

06 1+

Transmission or
Reflectivity or Q.E.[%]

2(}0{]

Kl.aml_l.an(ll Mineral oil (50. cm)

------

R(;ﬂcction cocfficient (for 272 bounces in bar)

_Tr. (EPOTEK 301-2)-25 microns thick single layer
_ Burle MCP-PMT Q.E

2"?0(] 3000 3500 4000 4500 5000 5500 6000 6500 7000

Wavelength [A]

0.07
0.06 +
005 ¢
004 1
003 ¢
002 ¢+

Final efficiency

001 1

2800

Track perpendicular to bar in the middle of BaBar

Final efficiency of the
present BaBar DIRC

Final efficiency of
the Focusing DIRC
prototype with a
new \[LP PMTs

3300 3800 4300 4800 5300 5800 6300 6800
Wavelength [A]

e The prototype has a better response towards the red wavelengths, which
reduces the Cherenkov angle chromatic contribution to 3-4 mrads

(BaBar DIRC has 5.4mrads).

6/14/06

SLAC
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Chromatic effects on the Cherenkov light

1) Production part: cos 6. =1/ (n ... B), Ny = (V)

2) Propagation part: v, .. =Cq/ Ny =Co / [Ny - A*dn o /dA]
0. (red) <ng. . (blue) =>v, . (red) > v, (blue)
Production
broadening
Aechromatic ~5.4 mrad Beam due to n(\) Detector
Mirror /—A—\ A {—A—\
: Propagation
broadening

Bar

due to v,,,,,(M)

>

e Two parts of the chromatic effects:
- Production part (due to n = f(\)) - Red photons “handicaped”’by ~200 fsec initially.
- Propagation part - Red photons go faster than blue photons; color can be tagged by time.

phase
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Expected size of the chromatic effect in time domain

V.

2.4 [
22 ® ---A--- Photon path length = 350 ¢cm

20 +
18 A .. ---@--- Photon path length = 700 cm

1.6 + AA . FWHM i Weight = f(photon wavelength)
14 +,....e

1.2 +
1.0 +
0.8 +
0.6 +
04 +
02 +
0.0 i
3000 3500

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

4500 5000 5500 6000 6500

Wavelength [A]

4000

C

~1 ns overall total range typically.
Need a timing resolution of 150-200ps to parameterize it.

= 90° (perpendicular to bar); photons propagate in y-z plane only.

track
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Time spread growth due to chromaticity

Peaki Position 1, backward photons, Lpath ~8-9m
/; B w2 [ ndf 333.7/19
Position 1 7000 [ Marrow Morm S516 £ 217.0
> = Narrow Mean 0.0107 +0.0026
6000 — Narrow Sigma0.08694 +0.00217
— Wide Morm 1764+ 2492
- Wide Mean  0.09127 +0.00641
\ 3000 01 ~90pS/l’I1 1 Wide Sigma 0.151+0.008
Peak 2 [~ “Background 8192 +5.42
4000 : —]
3000 =
2000— —]
1000/ =
0 ;hi!é""a" —a o 1 1 | ."I'--.l.- J‘Ehrrhl';'z"‘"?:
i 0.2 0.4
Mirror d{TOF/Lpath) (nsfm)

 The width increases at a rate of o ~90 ps/meter of photon path length; the
growth is “fueled” by different group velocity of various colors.
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Chromatic broadening of a single pixel
Slot 4, single pixel #26,

£Iot 4, Pad 26, Phillips, MCC START signal corrected JV
Peak 1 - . -
700 E- = ° :
A ﬁ 3 - Peak2 Total photon path lengths
"y . Peak 1:
Position 1 ki 3 I E .
> | = — Lpath ~1.25 m in bar
ng e ﬂ'ga ; Peak 2:
TDC time (ns)
v [Slot 4, Pad 26, Phillips, 1-st peak] . — Lpath ~9.70 m in bar
150;— O'Peak ~118pS _;
- AL Oyrep ~ V(1182-1092)
- F o e~ 62pS ]
. Bt e S
b . =— * When one substracts the
5 Peak 2: Harrow mﬂ 011250437 R .
e / 5\ N chromatic broadening from
L3 / 5 428ij peak 1, one gets expected
c Peak ™ = .
i o - E MCP-PMT resolution
Mirror e e E

. el iy R i P T
-1.5 -1 05 a 0.5 1 15 & 25

ATOP = TOP_measured (A ) - TOP_expected (A = 410 nm) [ns]

0
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The chromatic correction (spreadsheet)

0.(A =410 nm)]

! - J.V.
~ 1O , . :
‘56 dTheta = -5.0241*(dTOP/Lpath) + 5.401%(dTOP/Lpath)
e
|
— Weight = fI(TOP/Lpath)
=T |
% e ™
— /o HEWHM
E // N -
':J -0.10 -0.05 X X 10 0.15 0.20 0.25
: dTOP/Lpath [ns/m]
o f
b~ : J
010y 003 2 POO™= 005 010 0145 0.20
Blue photons

dTOP/Lpath [ns/m] =[TOP/Lpath (\) -
TOP/Lpath (A =410 nm)]
 An average photon with a color of A ~410 nm arrives at ‘0 ns offset” in
dTOP/Lpath space. A photon of different color, arrives either early or late.
e The overall expected effect is small, only FWHM ~10mrad, or ¢ ~ 4 mrads.
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Do we see this effect in the data ?
Data (posmon 1, peak 2)

Peak 1 [[All siots & pads, 2-nd peak: d(Cherenkoy angle] vs d(1 OPIL path) |

3

T [ Entrles
Mean

A # 001916
)/ ) = B
Position 1 ;o Profileplot fug,
osition p— F " -0.0867 + 0.0038 3
> ebo B TR Spreadsheet calculation:
- B
= E -
b A 3 £  The chromatic correction (spreadsheet
P
~ G- 3 =
= .-5 dTheta = -50241(dTOP/Lpath)’ + 5401 (d TOP/Lpath )
v B R X T B S Y S WY TSP ‘%3 5 :]'8 L FWHM ' '
Peak 2 < N e 1 . S by
> | All slots & pads, 2-nd peak: d{Cherenkov angle) vs d(T OP/L path) | _%" T gt | e 25 >
_k%: “I‘IEE:.T: %%?i% g ~}{imr:td 2 : = o s
any . =7 - 0 ; -
5 ; Peak 2 Only EE;ZI 4_2:.(?5?:5% .E -0 IUL(H]" 0.4 ._Ill 005 0.10 0.15 !l.lﬁlll
Z . s
!= ) 3 0.6 : ; |
8 : dTOP/Lpath [ns/m] = [TOP/Lpath (A) -
= TOP/Lpath (A = 410 nm)]
-5
d(TOP/Lpath) [ns/m] = [TOP/Lpath (\) -
i TOP/Lpath (A =410 nm)]
Mirror

* One can see expected size in the data, approximately.
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Method #1: Spreadsheet calculation of dO, vs d(TOP/Lpath).

Peak 1
A

ﬁ

Position 1

All slots, all pads, position 1, Peak 2 only

Peak 2

dTheta [deg]

Mirror

[All slots & pads, 2-nd peak: chromatic corr. off] AAY
Q000" [ Ve e T T "] Entries 48118 |
E Mean 47.05
sooo.- Chromatic RS 0.9038
PRELIMINARY I Ir;tegral 4.812e+04
= 3 3 # ndf 7068 /12
7000 correction ¥ artow Norm 7237 £ 52.1
6000 - i Narrow Mean 47.02+0.00
E OFF Narrow Sigma 0.663+0.004
Spreadsheet: SD00E-
. E 2
- 4000F- =
_ 1O ‘ , , E 3
§ dTheta = -5.0241*(dTOP/Lpath)* + 5.401%(d TOP/Lpath) 3000 =
e sl sy R R 2000F- ]
rrrrrrrrrrrrrrrrrr | N oo Tomr 10007 =
04 ] e e S S I 1 e gy g
e e o e ™ i R e i 43 44 45 46 47 48 49 50 51 52
0.2 _ Cherenkov angle - uncorrected (deg)
’ ‘ All slots & pads, 2-nd peak: chromatic corr. on (spreadsheet) |
" 0;05 0;]0 0;15 —_ T T T T T T B E11E
LLSIE..) . N L. . LB A5 029 o0 Chromatic e o
! ; ; L . a2 Integral 4.81e404
; 0 C correction o/ ndf 1240/ 13
8000 — Narrow Norm 9365+67.5
= Narrow Mean 47.03+0.00
0:6 C ON Narrow Sigma 0.5:?4140.0_?%
C Background A+T.
dTOP/Lpath [ns/m] 6000— ]
L ~ i
4000— c~9.9 —
- mrad |
2000— —
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Cherenlov angle - corrected using dTOP/Lpath (spreadsheet) (deg)

Cher. Angle (pixel) [deg]

 An improvement of ~1.5 mrads.
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Status of chromatic corrections - preliminary

1V, 5.15.2006

Cherenkov angle resolution = f(L._path)

16
= .0 .
E 1 h i
[l
ae @2 |(EMEEREREERSNEETEENENERSEEESEERESENNERESEEREEEROAEEE RN ‘!§3
= Ba al IRC: 9. 6 mra
B B e T e D
3
A R e e R S e el e El e s
o
S + Pixels
= 44 mTOP
c0 | A TOP - correct with pixels
é 214 e Pixels - correct with TOP
¢ Pixels - spreadsheet correction
Pixel dsh i
0 ® Pixels - empirical correction

i ; ; : :
0 2 4 6 8 10
Photon path in the bar L_path [meters]

e A slight improvement of ~1-2 mrads for long Lpath.
e Apply the chromatic correction to longer photon paths only
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How many photoelectrons per ring ?

| Mumber of photoelectrons I

* <N,>~8-10 for 90° inc. angle

e With a hermetic configuration
and other Burle improvements
in the MCP-PMT design, we
could achieve a factor of 1.5-2
improvement, perhaps.

* BaBar DIRC has N ~20 at a
track incident angle of 90°

1 11| IIIII|III
0 3 10 15

I|IIII|IIII
20 25 30

Number of hits per ring
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Upgrades for the next run in
July



New 256-pixel Hamamatsu MaPMT H-9500

We made a small adaptor board to connect
pads in the following way:

ﬂlr
W

e N N R T N

16 channels

BUBLELELUEU

16 channels

16 channels
16 channels

o ESOF T T S
2D scan: E Nl | wox » | ailae o <
h'(“i:(.”‘lr_;“ 2
il #Se exas § ) &
1 CEe e o 2
e aj - b
Y TP ecoe ax )
e b
i D amam @
N ACTD e ae ul _
|- - jerTe cxoe cEEn CLB k|
' WS D Come OO CID
e 256 pixels (16 x 16 pattern). § s {C e E
e Pixel size: 2.8 mmx2.8 mm; pitch 3.04 mm of MBRe LML > Hl: K] 1
e 12 stage MaPMT, gain ~109, bialkali QE. e T
e Typical timing resolution o ~ 220 ps. e Large rectangular pad: 1x4 little ones
e Charge sharing important e This tube was now installed to slot 3
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“Open area” 1024-pixel Burle MCP 85021-600

Burle will connect pads as follows:

L r\ 1024-pad Burle MCP --> make it a 64-pad device
1 2 3 4 5 6 7 & 9 10 41112 13 14 45 16 17 18 190 20 21 22 23 24 26 26 27 25 20 30 31 32

H
o
16 channels
16 channels
16 channels
16 channels

: e Large rectangular pad: 2x8 little ones
\  Small margin around boundary
S e Nominally 1024 pixels (32 x 32 pattern)
e Pixel size: ~1.4mm X 1.4mm
e Pitch: 1.6 mm
e This tube will be in slot 4 in next run

ul
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A future if Super B-factory exists



#111 ) o )
Single-photon timing resolution

e Burle MCP-PMT 85012-501 (open area)
e 10 wm MCP hole diameter

e 64 pixel devices, pad size: 6 mm x 6 mm.
e Small margin around the boundary

e Use Phillips CFD discriminator

e | All tests performed with PiLas red laser
diode operating in single photoelectron
mode by adding filters.

Hamamatsu C5594-44 Ortec VT120A with a 6dB att.
1.5 GHz BW, 63x gain .
400ps/div, 100mV/div & ~0.4 GHz BW, 200x gain
e R 2000 £ G, row= (321 £0A) ps e - O o= (31.6 £0.6) ps
"m”ﬂiigg ; | O =(1356+33)ps e ? e = (99.616.3) ps
™ 1400 E 3
1200 £ Fit: g + g + p2 00 F
1000 E 600 -
800 F -
600 E 400 [
400 £ o
200 200
0 E o i
: 0.4 1 12 14
time (ns) time (ns)
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#111

Timing resolution = f(N )
8 photoelectrons
Timing resolution as a function of the number 2500 o —(128102)ps
of photoelectrons 2250 §
‘ —- Hamamatsu amplifier 1750 E:
: —O]-Orlcc\]/TDOA:amp]i[i]er 1500 E::.
s 1250 E
L9 o
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, S N S S N N1 i3
0 i . I — — L
0 20 40 60 80 100 120 140 160 180 200 220 240 0 e SV RV PR RN
N b f bhotoelect 0 02 04 0.6 08 1
umber of photoelectrons Time [ns]

* Achieved 0 ~12 ps for N, >20 with the Hamamatsu C5594-44 amplifier, while the
amplifier is operating in a saturated mode. Very similar results achieved with
Ortec 9306 amp. Did not investigate the linear mode yet (att. before amplifier).
Can use the saturated mode only if Npe is constant.

e However, with a slower VT120A, get worse result: o ~ 23 ps for Npe >20

* Resolution is o, ~0,/(ds /dt),_,, where 0, is the noise, and (ds_/dt),_, is the slope at
the zero-crossing point of CFD

e In the “10ps timing resolution domain,” the amplifier speed is crucial.
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#111
Timing results at B =15 kG

e Single photoelectrons

Burle MCP-PMT with 10 micron holes ™" *****

80 ; : : — e 10um hole 4-pad MCP-
B & M. ek R PMT
S 1 1. e Ortec VT-120A amp
R e e e e
5 ! ! ' \ i
9 . o
g Oy A e
2 a z s i . .
m E é i é e It is possible to reach a
2 22 24 2.6 28 3 °
MCP voltage [KV] resolution of o ~50ps at
15kG.
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Conclusions

e New R&D on the Focusing DIRC shows promising results.
e I believe, the final results will be better than I presented.

* We have a new photon detector solution working at 15kG
yielding a very impressive timing resolution.

e More running in July:
- rectangular pixel geometry to minimize the pixilization effects
- add more pixels

e More running next year:

- push QE to red wavelengths via multi-alkali photocathodes.
- test new electronics schemes (TDC & ADC vs. CFD &TDC)
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Backup slides



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 1n a high background environment
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pi/K separation [sigmas]

12!] " "
B S S R N
! ! ---¢-- BaBar DIRC
By ,:, """"""""" S & -- Focusing DIRC prototype| -
9. ! ! ! !
6 ,,,,,,,,,,,,,,,,, D ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
R | 1
D T T i
: .- s .
ol o ’-“‘""'"""‘*--.,_\__________$
0 T T T T {
2.5 3 3.5 4 4.5 5
Momentum [GeV/c]
6/14/06

Expected performance of the prototype

Present BaBar DIRC:
- 2.70 n/K separation at 4GeV/c

Focusing DIRC prototype:
- 2.70 n/K separation at 5GeV/c

Focusing DIRC assumptions:

- 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 -1-2mrads effect.
- Change a pixel size from the present
6 x 6 mmto 3 x 12 mm

J. Va'vra, Super B-factory workshop, 43
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A8, (mrad)

Present BaBar DIRC : Error in 0,

Nucl.Instr.&Meth., A502(2003)67

e Per photon:

- A9, ~1 mrad
- Aechromati(: ~5.4 mrad
- AO ~2-3 mrad

transport along the bar
- Aebar thickness ~4.1 mrad

- AePMT pixel size ~5.5 mrad

- Total: AQ_photon ~ 9,6 mrad
\\|
5 3 35 4 4 5 * Per track (N, ~20-60/track):
momentum (GeV) Aectrack — Aecphoton /\/Nphoton ® Aetrack
~ 2.4 mrad on average
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Distribution of detectors on the prototype

Cherenkov Ring Image in Detector plane

________________ Pt 0
————— ek e " 7 -,
ot #1__1__________1_____i_____1_____i__Sloi#6__|

| o o ' !

Sloti#4 I Slot #5 [ MCP #14 i

—_—— — — + ————————————— — | - ¥

NICP #4 MCP #15 | ||: j
'E‘ TR N i
& = HEEE i | (BN EEER RS -‘-_.l' ‘n: _J ..... o & SlelllO}ﬂ?’ : 2c In
-~ 3‘ e o e | SRR | P 3 FI | B J TP, Comreremy Se——e— i | 2
Amp.group 72 - S/N 09130305 SN 131103027 | Amp.gfoap 76 | <Ccm

4 +——— EFD-i — iﬂf‘%‘gﬁ%ﬁ‘;—l*—"'mmmmr it fapsoup—— —CRD & ——— 0.5¢m

| | | = . 10 1 | !

16k e e g ki |___crpl7& || CFDI&W0! 5 n» J

| | | | | | ! ]
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8 | | | | | | | ;

-10 ! ! ! ! ! ! ! 1

-20 -15 -10 -5 0 5 10 15 20
X [cm]
0.5¢m

3 Burle MCP-PMT and 2 Hamamatsu MaPMT detectors (~320 pixels active).
Only pads around the Cherenkov ring are instrumented (~200 channels).
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Modifications for the next run in July

Add

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

MOder\j

T T

nmoaEEEEE fae
EnnoanEn ine

Slot 7

e Add 32 new channels in slot 1

e Slot 1 will have Burle MCP-PMT with 6 mm x 6 mm pads

e Slot 3 will have a new Hamamatsu MaPMT with rectangular pads
e Slot 4 will have a new Burle MCP-PMT with rectangular pads

e Better TDC calibration over larger TDC range

e Some improvements in timing of Hamamatsu MaPMTs
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Focusing DIRC electronics

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

R 100mV/div, I1ns/div
Overall chain: - o
B Detector
Amplifier output from Amphflef
MCP-PMT (trigger on PiLas),
100mV/div, Ins/div
| CFD analog pulse out
TDC

SLAC CFD & TAC:
' St is . Signals from Burle MCP-PMT #16, P/N 85011-430. PiLas laser diode
Bl 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).

. Phillips TDC 7186, 25ps/count.
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e [sit stable in time ? How often we have to measure this ?

picosecond/count

Phillips TDC calibration

I T T I T T T T T T I I T T I T [ I I T I I I

= / Data sheet —
5 e
= 500 — II(JIU(}!I — IIS{)OI I IZUI()[)I IZSl)OI ] I_?()I(J{)I__r

tdc counts

« TDC3
. TDC4
« TDC5
« TDC6
TDC7
« TDCS8
TDC9
TDC10
» TDC11
TDC12

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

6/14/06
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Focusing DIRC detector - “‘ultimate’ design
B. Ratcliff, Nucl.Instr.&Meth., A502(2003)211

Focusing
ELEVATION Mirror
C Pixelated
pmjggﬁoﬁ\ FPhoto Detector
-2 om . i
2
z

FPLAMN
L
X
Z
j_ \_ Lr Lp
50 cm Cone

Projection

e Goal: 3D imaging using X,y and TOP, and wide bars.
e The detector is located in the magnetic field of 15 kG.
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Chromatic broadening on the level of one pixel

Slot 4, single pixel #26
Cherenkov photons: » SISIEP ’

IV e The largest chromatic effect

£Iot 4, Pad 26, Phillips, MCC START signal corrected
Peak 1 E ] ! t J : ! 3 ° ° e 0
t,—/ = Peak 1 Peak2 is in the position 1
N ngalib I Calculate | 7 ¢ Peak 1: ~81cm photon path length
Position 1 crate (¢ > 3
g > : E Peak 2: ~930cm photon path length
1025 Y . U 70 e  Measure time-of-propagation (TOP)
- ) | remees e Calculate expected TOP using
M f T e average A = 410nm.
Peak 2 F Peak 1 5
e ban i * Plot ATOP = TOPmeasured'TOPexpected
o Opesic ~118ps = Many corrections needed:
505_ X Omce ~ \/(1182'90_3) - MCP cross-talk
TP i Tﬁh“ﬁ—z.@ﬂs?.s—___é - thermal time drifts
- et - cable offsets (PilLas)
Eut4 Pad 26, Phillips. 2-nd Eeakl
lzu;—‘ Pe alk 2:' ‘ ' E‘"H *,:ﬁfg:s;?ﬁg - TDC calibration(PiLas)
o/ - geometry tweaks
o 108 3« Observe a clear chromatic
o / Opeak ~ ps = .
i - - broadening of the Peak 2 photons.
Mirror e — E

<s NS R Y T Y NV "
0.5

L iy e T
0 0.5 1 L5

ATOP = TOP_measured (A ) - TO _éxpected (A =410 nm) [ns]

S B
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