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Forward Proton Detectors (AFP):
— detect/measure protons

e.qg. For pp—pXp: M, =[sEE,

where s=14 TeV, ¢& fractional proton energy loss

Time of Flight:
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Time difference between protons from same interaction
arriving in the two AFP arms: z = c(t, —tg)/2

= 5,=(c/\2)%xg, ~2 mm=> o, ~10 ps
Use fo reject pileup background
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Electronics — Goals & Constraints arls

® preserve timing resolution of the detector: <20 ps/channel
— multiple measurements/proton =» <10 ps/proton
— need multiplicity also for rejection of spurious background rejection!
— trade multiplicity for resolution: 4 measurements of 20 ps = 10 ps

® provide fast &-bin trigger; transverse deflection x « &
— data rate up to 1 MHz/channel

®* radiation-hardness or tolerance
—fluence/dose estimate for 100 fb~' (1 yr @ 103* cm=2s~1)

Electronics exposed: PA-a PA-b, Trigger CFD, HPTDC, Clock
High-Energy hadrons 5-10"2/cm? 1019%/cm? 5-109-108/cm?
1 MeV-equiv. neutrons 5-10"1/cm?2 5-101%cm?2 10°/cm?
Integrated dose 5000 Gy 50 - 10 Gy 1-0.1Gy

(1 Gy = 100 rad)
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Fast Timing Electronics

Two methods to deal with pulse-height variations:

1. CFD+ TDC ...

2. Sampling of the (leading edge of the) pulse and time-walk correction
— see slides by J-F Genat, and many others at this workshop!

« AFP Baseline: CFD + HPTDC

— see Jim Pinfold ‘s talk

« AFP Electronics R&D: SAMPIC
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Pulse Shape and Gain Requirements

Pulse shape from UTA Laser-Lab testing (25um pore) :
— Gaussian, FWHM ~700 ps (£,,~300 ps)
— Minimum pulse height at 2 pe, G=1E5: V

~2 mV (~30 fC in 50 Q)

peak

1812

Trigger: needs ~100 fC

CFD needs: 250 - 1500 mV
L]
—2mV=>200mV: 40dB
N
e P1:min(C1 P2:area(C1) P4time@Iv(C1 P5:fwhm(F2) :min(C3) P7:time@Iv(C3) P8:f:
" " = o~ AP~  value -223 mV -231.12 pVs 12476 ns - 2Mps
— P M T p Ixel Va rl atl O n e 6 d B mean -252.97 mV  -283.6086 pVs 14.30775 ns 12.60495 ns 373.19ps
" min -337 mV -395.77 pVs 14275 ns 12.476 ns — . 2Mps
m; -191 mvV -201.87 pVs 12.749 ns —
d 51.13 mV 68.1309 pVs 83.51ps -

75
ax 4386 ns 413p
. e 3283 ps 8.66 p!
— PMT ageing: ~6 dB s
- = stats v v v v v
el M e 1B 111
Pass/Fail Q1: Trus Q2: Q3 Q4: Qs: Qsé: Q7. Qs:
P8 <

»Need ~50 dB gain
— 2 or 4 (inverting) stages of ~20 dB ea(%p‘

71512012 2:45:54 PM
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Irradiation of AFP Electronics

Electronics exposed: PA-a PA-b, Trigger CFD, HPTDC, Clock
High-Energy hadrons 5-10"%/cm? 10'%/cm? 5-109-108/cm?
1 MeV-equiv. neutrons 5-10"1/cm?2 5-101%cm? 10°/cm?
Integrated dose 5000 Gy 50 - 10 Gy 1-0.1Gy

1. HiRad protocol:

— Neutrons or HE protons: 10'2-10"3 /cm?; »: 1 — 10 kGy.
2. MedRad protocol:

— Neutrons or HE protons: 10" - 10'2 /cm?; y: 10 — 1 kGy.
®* PA-a chips (PSA4-5043+): HiRad
®* PA-b boards & trigger: MedRad

. . . Cfr. ALFA radiation dose LHC Run1 measured
* NINO chips (trigger): MedRad over 2010-2013 (~30 fb-'): ~20-30 Gy in each
pot (=10 cm from beam)
i CFD daug hter boardS: Med Rad See: K.Hiller, S.Jakobsen, S.Franz, ALFA
General Meeting, Cracow, June 5-7, 201.

®* HPTDC chips: MedRad
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Irradiation — Sep 2013

Irradiated at LANL Sept 2013; S. Seidel et a/. (UNM), K. Gray (UTA):

Quartic

| —

PA-a

(

S —

214 m

214 m

800 MeV p, ~7 cm from direct beam; passive
— dose: 6.5-8.7x10"? p/cm?, 2.3-3.1 kGy

— for 100 fb~': ~expected for PA-a; ~50x expected
for PA-b and CFD

— devices are all operational after irradiation!
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Irradiation @ LANSCE - Jan 2014
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LANSCE 4x PA-b 4x 4 HPTDC
Beam [ | Att e chips
— 2 HPTDC chips: 1x10'2 p/cm?
2 HPTDC chips: 1x10'3 p/cm?
+5V +5V
20 +3.3V
m dB +1.3V
< -5V
3
% S Ref CLK
o= Trigger
\_| CTP CFD-LV HPTDC
Safe Area (NIM) (NIM) (NIM)
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4-Channel Electronics Setup

® Jan 31- Feb 2 irradiation at LANSCE

® Protocol:
— Active irradiation
— up to 1.0x10"3 p/cm?, in 10 steps of 1x10'2 p/cm?
— i.e. 10 pulses of 10" protons per step

CFD PA-b PA-a o
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January 31- Feb 2 Irradiation

People: Tim Hoffman (UTA); Sally Seidel, Martin Hoeferkamp (UNM)

Protocol: Active irradiation — keep voltages on!

— up to 1.0%x10"3 p/cm?, in 10 ‘steps’ of 1x10'2 p/cm?; verify operation before & after
each step.

— i.e. 1 ‘'step’ equals ~10 pulses of 10" protons/pulse, 1 Hz, ~1 cm &

Early results:

— HPTDC readout did not work (cable too short) = 2 Channels were monitored on
scope; all 4 channels were powered throughout the run.

— Irradiation up to 5.0%x10'3 p/cm?
— 2 monitored channels were still operating at the end of the run

Next:

— Wait for cool-off and return of parts (<2 months)
— Pre-Amps, CFDs: Re-test performance and compare with non-irradiated parts
— HPTDC chips: mount on HPTDC board and check operation
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Fast ToF Electronics: we have ...

Proven designs & prototype 8-ch modules for:

— Preamp on PMT (PA-a) (4x8 channels)

— 2" stage variable-gain amp on tunnel floor (PA-b) (2x8 channels)

— Constant Fraction Discriminator (CFD) (3x8 channels)

— High-Precision Time to Digital Converter (HPTDC) (3 12-ch modules)

s

8-Channel Preamplifier (PA-a) .
Have design for:

— Trigger pick-off and Multiplicity Trigger board (based on NINO chip)
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Preamp/amp reflections

20 ns/div; need to reduce rlnglng tail, and reflection @ 20 ns
Reﬂectlon File Vertical Timebase Trigger Dis i i

— Understood:
caused by
mismatch of
PA-b traces ...

> Re-do PA-b PCB

Trigger

20 GHz LeCroy
Oscilloscope pictures
from beam test

1 ns ringing:
— unclear, not seen
with test pulses ..

— PMT?
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Measure P1:min{C1) P2:min(C2) P3:min(C3) P4:min(C4) PS:dt@v(C2,... PE:dt@(C1,... PT:dt@Iv(C1,... PB:dt@W(C2,... P3:fwhmi{F2) P10:fwhm{F1) P11:fwhm(F3) P12---
value -509 mv -8 my -521 my -108 my - -22.7252ns -4.0904 ns - - b
mean -507.39 My <1711 mY -52463mY  <-516.41 mY - -17.081799ns -15.685213ns
min 511 my =-715 my -562 my <-1.326Y - -24.6938ns -21.9000ns
max -502 mv =-7my -518 my <-92 my - -9.5779ns 24.3545ns
sdev 279my  <15363mv 509my  <32813mV - 50964582ns  6.891424ns - - -
num 10 327 248 327 1) 18 197 0 0 1)
status v v v v & & Y
histo L I : | ‘ \ \
Pass/Fail Q1 Qz: Q3 Q4: Qs: Q6: Q7 QB: Q9: Q10: Qtt: a1z
P1=1V P2=0 P3=0 P4<=0 P5<=0 FE=0 F7<=0 P&=0 P3 <=0 P10<=0 P11 =0 P12=0

= False Passed 10 O SWEEepSs

i rigger
80 mvidiy : : '
250.0 mv]

8.00 k8
XK1= -407 ps
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To Do: Trigger — Stony Brook

on PA-b motherboard; uses signal pick-offs from PA-b
> to be simulated with final layout and prototyped
> Output driver: to be designed ...
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Trigger Schematic
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To Do: Modify CFD — U Alberta v

add “Latch Enable”

0000

]nf’msw' FC

add Time-over-Thres-
hold functionality

Design Almost complete

open emitter output
11

D/FF and Drivers from Micrel
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Analog Devices: 10 ps deterministic

jitter, 0.1 ps random jitter
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Status Fast ToF Electronics: To Do ...

* Fast, ultra-stable, long-distance reference clock (U Texas at Arlington)
— prototype working: ~5 ps jitter
— Clock fanout: to be designed & built: (U New Mexico)
Trigger (Stony Brook):
— build prototype (Design almost complete)
— Radiation testing
— AFP trigger interface with CTF
Modification of CFD (Alberta):
— add Time-over-Threshold functionality (Design almost complete)
— build prototype
Modification of HPTDC (Alberta):
— Rad-tolerant design
— add ToT functionality (Design almost complete)
— build prototype
— Radiation testing
Readout:
— Opto board (2 pc ordered)
— RCE Interface (SLAC/SBU) used for IBL tests
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