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TOF counter resolution - condition 3

Entries 517
Mean 3653
RMS 12.28
Integral 510
¥2 1 ndf 10.61 111

MNarrow Morm 84.95 + 4.91
Marrow Mean 365410.6
Narrow Sigma11.31+0.51

Background.175 + 0.850

O,

single detector

~25.5 ps

\ll\l}ll\}
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ADC (counts)
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| TOF counter resolution -

all conditions (aligned) |

Entries 1028
Mean 3654
RMS 12.56
Integral 897
%2 f ndf 21.84113

MNarrow Morm 155.4+% 6.7
Marrow Mean 365410.4

Marrow Sigma10.85 £ 0.35

Background 1.532 + 0.772

O,

single detector

~24.5 ps

l—l\\ll\

3600 3620 3640 3660 3680 3700 37203740

ADC (counts)

From Trieste RICH 2007 “TOF vs. RICH” talk:

What resolution do we expect to get ?

A calculation indicates N

pe ~50 for 1 cm-long

Fused Silica radiator & Burle/Photonis Bialkali

photocathode:

Expected resolution:

a) Beam (Radiator length = 10 mm + window):

2 2
ator + 0 Pad broadenibng +o He

b) Laser (N ﬁO pe):

2

10/4/07

2 +1.82+3422] ~54 ps

Bialkali & Multi-alkali Photocathodes

Expected resolution [ps]

a'vra, TOF vs. RICH, Trieste
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elength [nm]

Optimum Fused Silica radiator thickness

Input: oy ~27ps

——n

Optimum: ~4 mm —

(All electrons have equal weight <=> Linear uperehom'

2 4 0 & 10k 12 14

Radiator thickness [mm]

Expected resolution with a laser = fiNpe)

Input: o ~27ps

10.4.2007



Note: Spring has 10
be soft not to break
the window

Controt unit

Pilas
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A TOF counter prototype

Blmm % ~60mm

\ Standoffs to

support the
SMA cable

Radiator
Burle/Photonis MCP-PMTSs with 10 pum MCP holes.
Short together 4 pads to get a signal; all the rest of pads grounded.
A 10mm-long, 10mm dia, quartz radiator, Al-coating on cylinder sides.
Ortec 9327 Amp/CFD & TAC566 & 14 bit ADC114.
Calculation: 10mm long quartz radiator & a window should give Npe ~ 50 pe/track.

iode light adju > typi
size: ~l mm dia.; beam spot size typically o ~1-2mm

J. Va'vra, TOF vs. RICH, Trieste
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Calibration of the electronics

Control unit

PiLas N i =
0=V [2 Pycppur+ (O Pulser+TAC_ADC+Amp/CFD ~ O Pulser)]

"‘-\ . . . B
+ Systematic effects (much smaller when the PiLas source eliminated)

P
MCP_stop

e

e
O Mep-PMT

10/2/07 J.Va'vra, TOF vs. RICH, Trieste

A final result with two TOF counters in tandem

Two detector resolution:

Each detector has Npe ~ 50 pe:

(8)

(1/\/"’) o double detector

single detector

Lovenlaaiolo o (aaly " 11 [T B
30 340 M5 3460 2470 M0 490 3

ADC [counts]

000 |
DSNED4 |
[T

2) Linear operation
3) CFD discriminator
4) No additional ADC correction

J Ortec 9327Amp/CFD (two) with a -10mV threshold and a walk threshold of +5mV & C566 & 14 bit ADC114

J.Va'vra, TOF vs. RICH, Trieste 23
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A single MCP resolution = f(Npe) . .cho1d

& 20mV CFD threshold
@ - 100mV CFD threshold
A 10mV CFD threshold

CFED threshold:

Ofsingle MCP [ps]

G ST S e 10 mV <=> 2-3 pe

40 60 80 100 120 20 mV <=> 3-6 pe
Number of photoelectrons in each detector 100 mV <=> 15-20 pe

Two Burle/Photonis MCP-PMTs with 10 um MCP holes o
o) with a walk threshold of +5mV & TACS66 & 14 bit ADC114

e Can we aim for a Smm thick radiator (Npe ~25 p

10/2/07 J.Va'vra, TOF vs. RICH, Trieste

Rise time = f(pore size, Eyicp.io-anodes Ecathode-to-Mcp )

(Photek Ltd. information)

Pore size: Cathode-to-MCP voltage:

18 GHz scope ) 18 GHz scope

\}j;\,

/150\.”

Response (normalised)

Vaoltage (V)

6um MCP pore

E S0
3.2 ym pore MCP " 5%hole angle
6 um pore MCP

T T T
2000p 300.0p 4000p g

T T T T T d
1000p  2000p 3000p 4000p  5000p  600.0p
Time (s)

600.0p u
i Sind D . S, | P T Y Ta
”L‘T—]”’ T 2ad } , - Transit time variation in MCP pores

500.0p

Cuni Smaller MCP pore size, faster rise time
U~ init. velocity - Exit velocity variation from MCP towards anode \
’ * \

400 0p o

Rise Time (s)

e . a - acceleration ) arger [ -to-Anode electric field, faster rise time \
2000p . - Exit velocity variation from cathode towards MCP \
R Small effect for red wavelengths & ali
ooe] 1st TV g H\ = ,?n 1l effect for red wavelength Bialkali -
divider divider [635 nm <=> ~2 eV => dt/dul 2-4)/200)*1000ps],
0% 100K i ¢ ~1.5-2 eV. Could be a problem for A < 300 nm !!

Anode Gap Electric Field (V/m)

-,
max
00

10/2/07 J. Va'vra, TOF vs. RICH, Trieste 26
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A single MCP resolution = f(Npe)ycp.to-anode field

Comparison of two resistor chains:
80 -

70 4 L i .
60 - J- | A 10mVY CFD th. - 1-st resistor chain (low MCP-to-anode field)

50 | ! ® - 10mV CFD th. - 2-nd resistor chain (high MCP-to-anode field)

40 4

Osingle MCP [pS]

40 60 80 100 120 140
Number of photoelectrons in each detector

BB KV,
SmV & TACS566 & 14 bit ADCII4

e Some improvement when running a high MCP-to-anode field.
* Not worth the risks of a possible damage and reduction of the
operating range for the magnetic field application.

10/2/07 J. Va'vra, TOF vs. RICH, Trieste

The best result with two TOF counters in tandem

Two detector resolution (resistor chain #2):

Each detector has Npe ~115-120 pe:

~(1M2) o
~85.0 ps

=
g
2

(9]

single detector double detector

@
3
a8

B e

=
8

=]
=

P R

Running conditions:

1) Low MCP gain operation (<10°)
2) Linear operation

3) CFD discriminator

Two Burle/Photonis MCP-PMTSs with 10 um MCP holes ope 243 kV. 4) No additional ADC correction
Ortec 9327 Amp/CFD with a walk th. of +5mV & TAC. -

Contribution of the MCP-PMT itself to the above single detector resolution:

t <2 ps (manufacturer)

10/2/07 . Va'vra, TOF vs. RICH, Trieste 28
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Beam test - problem with the radiators

To make these pictures possible, send monitor signals over along delay cable => rise time is degraded:

TOF_start

TOF_stop

A poor reflectivity of radiator’s Al coating created a
non-uniform number of photoelectrons. The 2-nd
radiator’s yield is worse than the 1-st one.

One could still correct it if we would have a fast ADC !!

(Ortec 9327 Amp/CFD provides a fast bipolar monitor of the amplifier. However, an
> it to a fixed constant. We did not have a
y puld be used to correct for the pulse height variation. If we
would have it, we would get a better result.)

Dingle detector

~22.6 ps

O,

Iy :
~ 2 ~22 3
single detector (-I/V"-' Oy 22.6 ps

double detector

J.Va'vra, TOF vs. RICH, Trieste

Conclusions

Our present best laser diode results:
O gnote mcp ~ 7-2 P8 for Npe ~ 50, expected from a 1cm thick radiator.

(4] 5.0 ps for Npe ~120.

single MCP
) - » Whe
O 115~ 27 ps for Npe ~ 1.

Electronics contribution (Amp, CFD, TAC, ADC): 3.4 ps.

o Total_electronics 5

Upper limit on the MCP-PMT resolution: o y;ppyr~4-5ps (Npe ~120).

Our present best test beam results:

O gingle MCP ~ 22.5ps (believed to be due to a poor radiator Al-coating).

10/2/07 . ra, TOF vs. RICH, Trieste
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