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*  Introduction *
Expected results

@ previously
observed 14 ps
single photon
resolution,

@ based on signal
risetime and
S/N,

@ optimize setup
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Introduction

Setup for testbeam
@ beam - protons
5-12 GeV/c,

@ aspheric lens
radiator,

@ LAPPD with 32
ch readout by
V1742 digitizer.
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LAPPD mounting offset

@ if beam impacts on LAPPD center it produces a signal
in 4 pads reducing the spacial separation between
beam and Cherenkov ring,

@ offsetting LAPPD by 12.56 mmin X and Y the
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*  Introduction *
31 mm Direct vs. backward reflection - ring

@ direct configuration gives broad ring(27 p.e./pad),

@ backward reflection gives narrow and broad rings(33
p.e./pad),

@ why?

@ beam spot is larger for backward reflection.

@
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* Introduction *
31 mm Direct vs. backward reflection - radius

@ direct configuration gives broad ring,
@ backward reflection gives narrow and broad rings,

@ why?
@ beam spot is larger for backward reflection.
o
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* Introduction *
31 mm Direct vs. backward reflection - fime

@ direct configuration gives photon timing RMS of 13 ps,
and 0.07 ns offset from proton impact,

@ backward reflection gives photon ,
and 0.31 ns offset from proton impact,

o
direct
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*  Introduction

60 mm Direct vs. backward reflection - ring

@ direct configuration gives broad ring (11 p.e./pad),
@ backward reflection gives narrow ring (13 p.e./pad),
@ why?

@ beam spot is larger for backward reflection.

backward reflection
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* Introduction *
60 mm Direct vs. backward reflection - radius

@ direct configuration gives broad ring,
@ backward reflection gives narrow and broad rings,

@ why?

@ beam spot is larger for backward reflection.

o

direct backward reflection
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* Introduction *
60 mm Direct vs. backward reflection - time

@ direct configuration gives photon timing RMS of 24 ps,
and 0.07 ns offset from proton impact,

@ backward reflection gives photon fiming RMS of 12 ps,
and 0.31 ns offset from proton impact,

o
direct backward reflection
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*  Introduction *
Step 1 conclusions

@ too many photo-electron/pad: 27 for 31 mm and 13
for 60 mm (need SPE timing),

@ spacial separation between beam spot (170 p.e.)
and Cherenkov ring photons is just 1 pad (31 mm) or 2
pads (60 mm) - cross talk?,

@ cross talk in the next (10%=17 p.e.?) and next-to-next
(1%=2 p.e.?) pads? Perhaps larger than SPE?

@ > 60 mm distance is needed,
@ fiming distribution is foo broad.
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Acrylic filter

AF 60 mm Direct vs. backward reflection - ring

@ direct configuration gives broad ring (2 p.e./pad),
@ backward reflection gives narrow ring (3 p.e./pad),
@ why?

@ beam spot is larger for backward reflection.

backward reflection
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Acrylic filter

AF 60 mm Direct vs. backward reflection - radius

@ direct configuration gives broad ring,
@ backward reflection gives narrow and broad rings,

@ why?
@ beam spot is larger for backward reflection.
o
direct backward reflection
o0 T TrorTrrTT H‘; 700 TTTTTTTTTTTT T T T T T T,
600@ é 600é j
5004~ é sooé é
200~ é gooé é
:?;00 - é ':Lgbooé é
200~ é zooé é
100 - é 100? .}M“\ é
Y S 8 O Lo ot
Hit radius [mm] Hit radius [mm]

1 M. Osipenko INFN 0 July 20 at CERN PS T10 beamline



Acrylic filter

AF 60 mm Direct vs. backward reflection - time

@ direct configuration gives photon timing RMS of
10-13 ps, and 0.07 ns offset from proton impact,

@ backward reflection gives photon
,and 0.31 ns offset from proton impact,

o
direct backward reflection
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* Acrylic filter *
Step 2 conclusions

@ number photo-electrons/pad is reduced: 3 for 60 mm
(but need SPE timing),

@ spacial separation between beam spot (170 p.e.)
and Cherenkov ring photons is just 1 pad (31 mm) or 2
pads (60 mm) - cross talk?,

@ cross talk in the next (10%=17 p.e.?) and next-to-next
(1%=2 p.e.?) pads? Perhaps larger than SPE?

@ > 60 mm distance is needed,

@ timing distribution for backward reflection
configuration is OK,
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Beam spot size

AF 60 mm backward reflection BS 1 cm? - ring
@ beam spot 0 (3 p.e./pad),
@ beam spot 1 cm? (3 p.e./pad),

@ LAPPD beam spot is larger for BS 1 cm?, entering in
nearby pads (5 p.e./pad).
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Beam spot size

AF 60 mm backward reflection BS 1 cm? - radius

@ beam spot O gives rectangular radius distribution,
@ beam spot 1 cm? gives smoothed radius distribution,
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Beam spot size

AF 60 mm backward reflection BS 1 cm? - time

@ beam spot 0 ,
@ beam spot 1 cm? timing RMS of 14-15 ps,
@ beam spot 1 cm? is too large.

2
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* Beam spot size *
Step 3 conclusions

@ T10 beam spot is 15x10 mm?2,

@ but the trigger MCP we plan to rent has active area
10x10 mm?2,

@ simulated timing resolution increases from 5 to 15 ps,
too large for our purpose,

@ reducing active beam spot to 5x5 mm? allows to
reach 8 ps (efficiency 17%),

@ in backward reflection configuration attaching

allows to suppress beam induced signal (reducing
cross-talk issue).
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Number of Cherenkov photons

@ assume proton beam with P=12 GeV/c, (3,=0.9969589
and ¢ = 48.4° in fused silica (n=1.51 at 250 nm),

@ the number of Cherenkov photons (in range of LAPPD
photocathode sensitivity) produced in 1 mm of
quartz:

B 1 1 B photons
Ny = 0.0256 « { 160nm 560nm} =4

@ thus in 5 mm thick LAPPD window we produce
570 photons,

@ in 14 mm thick aspheric lens we produce
1600 photons,

@ assuming 30% mean QE of Na,KSb photocathode we
estimate: 170 p.e. fromm LAPPD window and 480 p.e.
from aspheric lens,

@ Geant4 simulation gives 174 p.e. from LAPPD window
and 359 p.e. from aspheric lens.
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g Conclusion *
Summary

@ timing requirements (< 9 ps) is met for backward
reflection configuration at 60 mm;

@ we must put beam profile monitor 5x5 mm? in front of
trigger MCP,

@ 60 mm means 60+14/2=67 mm between LAPPD
window face and the lens (14 mm wide) face;

@ number photo-electrons/pad is 6 for 60 mm, but we
need SPE timing;

@ Geantd implementation of opfics is not very realistic -
could have large uncertainty;

@ Is aspheric lens geometry parametrization correct?
@ need to add ABSLENGTH table for Fused Silica.
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* Conclusion *
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* Backup slide

Backup slides
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LAPPD cross shadow

LAPPD.87 with Na,KSb photocathode

@ LAPPD pads are 4=365nm
large: 25x25
mm2,

@ MCP -50
cross-shaped
support shadow 0
affects 4 central
pads, 50

@ but their
geometrical 100
efficiency remains 100 50 0 -50 -100
> 50%.

-100
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LAPPD Quantum Efficiency

@ in wavelength LAPPD. 12 with NapKSb photocathode
range 180-400 nm 20%
QE of LAPPD is 35%
> 30%, o
. . 25%
@ numerical £ 0%
convolution S 1%
dN/dX(\) and 10%
QE()N): 33.6 5%
p.e./mm. 0%

160 260 360 460 560 660 760
@ analytic estimate Wavelength [nm]

of Cherenkov p.e.

yield assuming

average QE=30%:

1 1
160nm 560nm

N, = 0.0256*{ }*0.30 =342
mm
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Backup slides

60 mm backward, chromatic dispersion - ring

@ Cherenkov ring is wide even without chromatic
dispersion,

@ chromatic dispersion adds more width to the ring.

no dispersion
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Backup slides  *

60 mm backward, chromatic dispersion - radius

@ Cherenkov ring is 8 mm wide even without chromatic
dispersion,

@ the width is related to emission point uncertainty: it
varies from 4.3 mm to 13.8 mm (from lens face - first
4.3 mm is blind).

@ chromatic dispersion doubles the width of the ring.
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Backup slides  *

60 mm backward, chromatic dispersion - time

@ without chromatic dispersion total width of
Cherenkov photon timing distribution is 17 ps,

@ chromatic dispersion delay fraction of photons
increasing the width by 5 times.

Nno dispersion

2400 T T LI B e B thSiCO|
2200 - =
E E 0T T —— T
2000 — E E
1800 - E 800~ E
1600 E 700 ? ?
100 - E 600 - E
= E 3 E =
%OO E 3 2500 - 3
1000 - 3 s E E
E E @400 - =
800 - E 3
600 3 300 3 E
400F 3 200 E
200 E 100 - E
o) = - B L L 3 0fme s 1 Y E|
600 620 640 660 680 600 620 640 660 680
Hit time [ps] Hit time [ps]

M. Osipenko INFN 0 July 20 at CERN PS T10 beamline



Backup slides

Lens.17-334 AF 50 mm backward BS 1 cm? - ring

@ lens #67-265: (3 p.e./pad),
@ lens #17-334: (4 p.e./pad),
°

lens #67-265 at 60 mm lens #17-334 at 50 mm
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Backup slides  *

Lens.17-334 AF 50 mm backward BS 1T cm? - radius

@ lens #67-265: gives smoothed radius distribution,
@ lens #17-334: gives Gaussian-like radius distribution,

lens #67-265 at 60 mm lens #17-334 at 50 mm
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Backup slides  *

Lens.17-334 AF 50 mm backward BS 1 cm? - time

@ lens #67-265, D 25 mm, EFL 20 mm; CT 14 mm:timing
RMS of 15 ps,
@ lens #17-334, D 50 mm, EFL 50 mm; CT 19.2 mm

o
Iens #67 265 at 60 mm Iens #17 334 at 50 mm
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