


Ion backtlow rate correlates with high gain

J. Va’vra, MCP logbook #6, page 122, 2008

Peaks on storage scope correspond to various ions

(H*,He*...): Gain ~10%

Tube died at the end:

T -

Ion feedback is worse at higher gain. B-field does not help.

One could put an aluminum foil on top MCP to block ion backflow at the expense of
loss of photoelectrons (up to 50% loss). Belle-II TOP counter is using foil between
top & bottom MCPs.
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Recoiling electrons: tail and dead space

J.Va' vra, MCP log book #3, pages 27-40, & SLAC-PUB-11934, 2006 & NIM, A 572 (2007) 459462, and Inami

MCP-to-Cathode distance ~ 6 mm
Photonis Planacon (10um holes):

MCP-to-Cathode distance ~0.85 mm
o= 32/ £0) ps L should be small: ~ photonis Stepped Faceplate (25um holes):
-

: Burle MCP

N — — 864um K—MCP GAP

pe-l

IV'II. X '+

Oprge = (1356 +3.3) ps

e

LN LAaN L L LA AR RRAY A LA L

0.6 0.8 1
time (ns)

O (66.7 £3.1) ps

| namow

[ G, = (161.626.7)ps

¥ (mm)

rel. efficiency (%)

45 5 55

. s
tme (ns)

A {;I’IIII‘J

4 8 W ™ W 0 N0

TDC [1count/25ps] Penalty:the efficiency drops to zero near edges.
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e Stepped faceplate essentially eliminates tail in the TTS distribution, but it

creates dead space near edges.
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Timing results with
single-pixel MCP-PMT's

These tests avoid problems of multi-pixel
detectors, I mentioned before

J. Va'vra, RICH 2016, Bled, Slovenia
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Time resolution [ps]
o = N w =Y u [o)] ~J [#.4] [Ve]

Electronics contribution to resolution
Ortec 9327 amp. + CFD + TAC electronics: DRS4 waveform digitizing electronics

SLAC: J. Va’vra, MCP-PMT log book #4
Fermilab: A. Ronzhin et al., NIM A 623 (2010) 931

made by Stefan Ritt:
http://dx.doi.org/10.1109/TNS.2014.2366071

3+

DRS4 waveform digitizer

=
% Electronics timing resolution for
g delays <10 ns: Opop =<1 ps
om 2 F
E + T
=]
g g T
) +4+ +
+
'E 1k + + ¥ ¢
-...-.-...-.--....--..-.-......-.....--....-.....--.....-..-......-..—.-:Li.neap{.\;'a.‘w.a}..- + ++
0 2000 4000 6000 8000 10000 12000 14000 16000 0 10 20 30 40 0

ADC [counts]

Delay between start & stop [ns]

9327 Amp/CFD: I reached ~3.1ps (I used TAC and a cheap pulser); A. Rozhnin from

Fermilab reached ~2.5ps with better setup.

Jeff Peck, Ortec engineer who designed this electronics: 9327 Amp/CFD can reach
~2ps resolution, if one avoids the TAC and chooses a better pulser.

DRS4: Stefan measured <1ps; A.Rozhnin from Fermilab reached ~2.3ps “only”, so far.
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The best TOF result so far

A. Ronzhin et al., Fermilab, talk at SLAC, May 2016

Two back-to-back Photek 240 MCP-PMTs

- 6 microns MCP hole sizes Fermilab test beam result:
- Fused silica window, 8 mm thick - "lighthparticles htemp
- ~80 pe’s per 120 GeV protons 70 (Positrons, muons | Entries 534
- 40 mm diameter sensitive area - and pions)
. Single pixel 60 |- Mean  5.354
- MCP Gain ~10° - | Timing RMS 1951
- No amplifier used, <100 ps rise time 50 .
’ - | resolution:
- Ortec 9327 CED, TAC 566,ADC114  ,, [ 8 GeV/c beam
_ $24K/PMT T 40 Orop~ 14 ps Distance between two
9 - detectors: 7.12 metes
® 30 :_ Where:
— TOF = TOF,..p;- TOF
Photek 240 o vt e
MCP-PMT - Drotons
10
Beam o ﬁ
0 & bor 1o | e fbochd 10 | [T T = S = R
ﬁ‘é’;fl;ﬁ‘g 50 0 50 100
TOF = tyicpy - tycpz [15]

* Recently they improved timing resolution to: | o;op ~ 8.3 ps with 120 GeV protons.
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Comment about the old Nagoya test

K. Inami, H. Kishimoto, Y. Enari, M. Nagamine, and T. Ohshima, Nucl. Instr. & Meth., A560(2006)303-308.

o ~ 8.8 ps
TOF resolution: 0| '°F P

Paper quotes:
Osingle Mcp ~ 6.2 ps
=>
O1oF = Ogingle MCP X V2 ~8.8 ps
(TOF = TOF1 — TOF2)

300

Events

200

100

40 80 120 140
(a) TDC (ch/0.814ps)

Two identical HPK MCP-PMT R3809U-59-11 with 6 um holes.
MCP-PMT operated at a high gain of ~2x10%; there was no amplifier.
Quartz radiator length: 10 + 3 mm.

This result is slightly worse than the Fermilab result (0op~8.3 ps).
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Can the MCP-PMT timing
resolution be still improved
further ?

9/3/16 J. Va'vra, RICH 2016, Bled, Slovenia
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[

°

New idea: improve QE in VUYV region

Mickey Chiu pointed this to me during BNL EIC R&D review in 2015,

he was refering to paper of Dorenbos et al., NIM 325 (1993) 367

Fused silica window:

500

quantum efficiency (%]

. MgF, window:
4 T T T 1 ) T T T
Thorn EMI-9426 1
30 1
20t -
Dorenbos et al. ) i
10} .
0 'l Il 1 L
100 200 300 400 500

wavelength [nm]

Some Bialkali PMTs do show a peak near 180 nm.

Mickey Chiu works with the BNL photocathode group. Triveni Rao’s comment:
the effect strongly depends on the crystalline structure of the cathode material.

Plan is to study this effect and feed this information to the LAPPD group.
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Photek 240 with two types of windows

J. Va’vra — calculation for this talk

a) Standard bialkali QE & Fused silica window:

Efficiency/Transmission

TOF counter with normal Bialkali QE

1
09

0.8 #

0.7 —9-Bialkali photocathode

06 % ~B-MCP Quartz window transmission
' ~—A~Final efficiency

05

04

03

02

0.1 1
0

100 200 300 400 500 600
Wavelength [nm]

700

Npe ~ 76, for 8 mm of Fused silica radiator
(This is consistent with the Fermilab measurement)

Efficiency/Transmission

b) EMI-9426 QE & MgF, window:

1

0.9 1

0.8
0.7
0.6
05
04
03
02
0.1

O -

TOF counter with UV-enhanced QE a'la EMI-9426

Wavelength [nm]

/ —9—Super-Bialkali photocathode =~
~B-MCP MgF2 window transmission |
—AFinal efficiency
L b stsetrson
100 200 300 400 500 600

700

Npe ~ 157, for 8 mm of MgF, radiator

We double a number of photoelectrons, if we use the same photocathode as in the
EMI-9426 PMT, and 8 mm-thick MgF, window/radiator.

Question: Will such photocathode be good for timing ? Will o,¢ depend on A ? JLAB
and Argonne labs are planning to investigate this question.
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ATLAS R&D: LQbar MCP-based detector

Jorn Lange, representing LHC ATLAS working group on diffraction physics, status talk 2016

A. Brandt’s LQbar detector:

4x4 L. Qba
P —— =
— e  MCP-PMT
*\\: - % (MicroChannelPlate
QW ) Photmuttiplier)
TR\
AR
0 y
e .r> " |
%, %, N

J D-E%?i;; ' H'Qh‘?géisi”“
(CFD) (HPTDC)
* 4 x4 pixel MCP-PMT.
e 10x amplifier.
e LQbar resolution results:
~30 ps per single bar @ 1900 V (SiPMT resolution substracted).
~25 ps per group of four bars @ 1900 V (it does not scale correctly).
34
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Lgbar MCP resolution = f(Gain)

Andrew Brandt et al., Arlington DOE review, 2015

Laser studies:
35

33 e 10 PE 2 Gaussian fit ~ — |
31
29

_ 27

% 25 { i* d ! ¢ ¢

© 23 $ 3 ¢

21
19
17
15 i I l I I
0.0E+00 1.0E+05 2.0E+05 3.0E+05 4.0E+05 5.0E+05 6.0E+05

Gain

e Timing resolution is still reasonable at a gain of ~10°, as long as Npe/track ~ 10.
* Run the gain as low as possible to reduce total anode charge.
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LAPPD MCP detectors

H. Frish, private communications, Aug. 2016 Single pe signal:

- i n
8 g 8

Events / (10 psec)

8

0Tz 104 106 108 11.0

Relative QE:

SR,

Al

e Incom Co.is trying to get preproduction going.
* None of 20cm x 20cm MCPs were ever placed into the test beam, only laser tests

while the detector is tied to the production line. Plan is to put 4 LAPPD detectors
into the test beam.

e There a parallel R&D effort in Argonne trying to develop smaller pixilated MCPs
(see J. Wang et al., IEEE Trans. on Nucl. Sci, Nov.23, 2015).
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Timing + position + calorimeter + MCPs

A. Ronzhin et al., Fermilab, talk at SLAC, May 2016

- Start: Photek-240 MCP

- Stop: Photek-240 MCP placed after absorber
- For position use Photonis XP-85012

- 6 um holes in Photek MCP

- Absorber: Pb or W

- 8 GeV electron beam

- DRS4 electronics for tests with Photek
RF-shielded box:

Photek 240
MCP-PMT

Tungsten
absorber
Photonis XP-8501
nlz[13[14]1s 617 i8] 7 Photonis
SEEEEEEE | Beam XP-85012

41|42043] 44| 45446 47|28
51|52§53[54] 5556 |57 |56
61|62]63[64]65]es|67]eo Ph
otek 240

71|72|73|74|75|76|77|78

81|82|83|84|65|66 /87|88 MCP-PMT

- "

* Timing resolution: oy, ~15 ps
e Position resolution: o ~ 0.3 mm

Time resolution [ps]

n
o

—_
o)

16

14

12

10

Entries / 0.2 mm

:_ —e— Lead Absorber
- —— Tungsten Absorber +
: # o+ 4+ 3 7
3
- Photek-240
j\ e e e e ey
4 6 8 Abso1rger Thicllr%ess [XD]
201
20— c: 0.3 mm
18-
16f—
145
o Photonis
3 XP-85012
6F-
ns
2=
O:I\II‘I\I\‘I\I\‘\I\‘II\‘\I\I‘\I\I‘II\I
4 3 2 1 0 1 2 3 4

Y residuals [mm]
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Timing + position + calorimeter + MCPs

A. Ronzhin et al., Fermilab, talk at SLAC, May 2016

Photek 240 MCP-PMT

Photonis XP-8501

RF-shielded box:

i [i21aia1she]17]18
21|22|2324| 25|26 27|28
a1|32|3a]34[3s]36[37]38
41|42]43]44]as]4s|47]48
s1|s52453[54|55056|57|58
61|62]63|64|65066(67 |68
71|72|73|74|75|76| 77|78
81|a2|8a|84|65 66|87|86

Time resolution at shower max is not dependent on
presence of photocathode (switched off by a 9V bias)

Standard microchannel plate can act as a calorimeter .-

Photek 240
MCP-PMT

Tungsten

7

absorber

Photonis

im XP-85012
Photek 240

MCP-PMT

element without a radiator or scintillator or
photocathode. The timing resolution for a bare MCP o= 5=
inside an electromagnetic shower is ~40 psec.
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=
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Tungsten absorber thickness [X]

32 GeV electrons,

25 mm of lead before

o[- Photonis XP85012,
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Timing + position + calorimeter + Si

A.Ronzhin et al., Fermilab, talk at SLAC, May 2016

- Start: Photek-240 MCP

- Stop: Hamamatsu Si PIN diode

- 6 x 6 mm? pad

- Absorber: Pb or W

- Ortec 9327 CFD, TAC 566, ADC114

RF-shielded box:

Beam

Tungsten

" absorber
~. Silicon PIN

diode

Photek 240
MCP-PMT

e Timing resolution: oy, ~23 ps.

Number of events

32 GeV electron beam 6X_ absorber
450

400 o ~23 ps
350
300
250
200
150

100

Si

T I I A Pl BN B
375 38 385 39 395 4 405 41
At [ns]

'.q_ll|||III||II|||IIII|IIII||III|||II|I||I||||I||

@
[=

=l
(=]

LOLBLILE BUBLLELE UL
-

a0

50

40

30

20

Time resolution [ps]

10

TYTT[IT I T[T T T[T I T o[ IoIrar

o 3 10 15 20 26 30 38

Beam energy [GeV]

e Rozhnin’s comment: we are now concentrating on Si only.
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Timing with Si

- High gain HAPDs and SiPMTs
- Medium gain Avalanche Diodes (AD)
- Low gain Avalanche Diodes (AD) = LGAD

- We will be dealing mostly with single-pixel
test results, which mean they tend to be
optimistic
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Si detectors: High gain HAPDs

Status in 2007: A Fukusawa et al., KEK & Hamamatsu, IEEE San Diego, 2006
Pulse height spectrum:

Time Beuponee (Chaipat Wavelorm)

Photons

Electron
$20 mm Photocathode (Bialkali $8 mm)

—!4 —Plano-Concave Faceplate

EleCtron lmpaCt — Cylindrical Ceramic
gain ~1 600 F Electron Bombarded Gain (x 1600)

. . . Niming Resolution
Avalanche Diode (AD) T"'m Resglution
Photocathode 4 Avalanche Gain (x 110y Compmriesn beferen Sladhall sl {in\al" thee $1mmd

Bl — Stem

Avalanche diode ll ADReverse
gain ~110 71:_ Bias Voltage 400V

I

SMA Connector Output

T T T T

Opre (Bialkali & light illumination oser ¢ 8 mm)
O g (Bialkali & light illumination over
Oppg (GaArP & light illamination over
Oppg (GaArP & light illamination over

12707 J. Va'vra, Talk on Photon Detectors,
SLAC

e Transit time spread: o~ 9 ps for Imm size

e The resolution depends on size of illumination spot and type of photocathode.
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Si detectors: High gain HAPDs

Status in 2007: J. Haba, S. Iwata, M. Sakuda, F. Takasaki, M. Tanaka, T. Tsuboyama, Y. Yamada (KEK), T. Sumiyoshi (Tokyo
Metropolitan Univ.), T. [ijima (Nagoya Univ.), A. Fukasawa (Hamamatsu Photonics K.K.)

HAPD with 8x8 APD array:

Photocathode ot o o 10 Photocathode Multi-alkali

", HPD gain (x1200) ! Multi-pizel

AD Max. valueof V ;. ... ~9 kY

dewon N = e T e —

Photon o " - APD pixel matrix
| Total gain: -

e

Aot ey iming Total HPDgain @ 8KV |  ~2000 |

RS (.. vicw) | Total APD gain @ 400 V | ~s0 |

Transit time spread o,

: . Low gain region between pixels

* Proximity focusing design
=> can work in magnetic field
¢ Relatively small gain so far.

Back-illuminated APD array
=> more uniformity

127007 J. Va'vra, Talk on Photon Detectors,
SLAC

e Transit time spread: o,;5~ 90 ps is worse on larger pixels.

e Can work in magnetic field.
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Si detectors: High gain SiPMTs

A.Rozhnin et al., Fermilab, Talk at Picosecond timing workshop, Arlington, Oct. 5-7,2015
Start: SiPMT, Stop: Photek-240 MCP-PMT

- SiPMT radiator: 30mm Fused silica, 3x3mm?

- 6 um holes in MCP

- No extra radiator used on MCP, only

8mm-thick window

- Fast amplifier on SiPMT
- Ortec 9327 CFD, TAC 566, ADC114

Beam

o

4N
. AALANGHE
DY P (i

P

HIGH
_y VOLTAGE

Fused Silica
radiator

SiPMT

Photek 240
MCP-PMT

e More recent result:

B “light" particles TOF_240B_MPPC
100 N (Positrons, muons
- and pions) ﬂ -
50 : Timing
N . resolution:
» [ Oror~ 24 ps
.g. 60 - TOF
>
m -
40 8 GeV/c e beam
- Distance between two
" detectors: 7.12 metes
20 +—
L protons
0 i 1 l—i I 1 1 1 1 I 1 1 1 I 1 1 I’I_l—ll_;_lﬁ 1 Ir—l 1 1 | I
-100 -50 0 50 100 150

Oyor ~ 14.5 ps

TOF = tyicp - tsipyr [S]

=> Ogpyp ~ V[14.5% - (8.3/V2)?] ~13 ps

(obtained with 120 GeV proton beam and DRS4 waveform digitizer readout)
J. Va'vra, RICH 2016, Bled, Slovenia
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A neat application with SIPMT's

L. Gruber et al., Panda TOF group, Instrumentation conference, Elba, 2015

- EJ-228 scintillator seems to be the best
- Scintillator tiles size: 30 x 30 X 5 mm?

- In total 5760 tiles, or ~5.2 m? area. Panda TOF system:

seintlllatar

KETEK SiPM Philips Digital Photon Single tile ! r = ED cm

Counter (DPC)

e Results in 2.7 GeV/c proton beam:
Oror ~ 82 ps with analog SiPMTs — a final choice at the end.
Oyor ~ 32 ps with the Phillips digital SiPMTs (see appendix).

e The final experiment is expected to achieve:
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Philips digital photon counter

PHILIPS

Philips Digital Photon Counting

f) DPC is an Integrated “Intelligent” Sensor

FPGA

Clock distribution

Data collection/concentration
TDC linearization

Saturation correction

Skew correction

DPC3200-22-44
DPC6400-22-44

Flash

* FPGA firmware

* Configuration

* Inhibit memory maps

Power & Bias

L
Cal

200 MHz ref. clock

Serial configuration

>

Detector array

8 x 8 dSiPMs

interface

< >
Serial Data Temp.
output (x2) sensor

)

This will be a future of all detectors.

9/3/16
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Si detectors: Medium Gain Avalanche Diodes (AD) for

calorimetry

RD50: M.Moll, Torino Workshop 2016 & S. White, Princeton Univ./CERN, publication coming

Test setup:

Mesh Screen (anode side)

Output to Scope .~ -

Kapton Tape

~8
- HV connected to pin at one corner AD

= _ Kapton (2 mul
Grovad ~—., —t aptent )Meﬁh Screen (cathode side)
Al O, Substrate

Contact between screen and o+ side made by Ag epoxy thm hole in Kapton

Main points:
- Large pixel size: ~l1cm?
- AD from RMD

- So called “Deep Depleted” AD technology
- Amplification deep inside the bulk of the sensor

- APD HV voltage: ~ 1750V

- Large field: E ~15kV/cm

- A significant gain on AD: ~ 200-500x
- Placing a mesh above a dielectric and

reading the signal capacitively improves speed

~1.2ns).

(trise time

- Fast amplifier: M. Newcomer, Penn & other.
- SAMPIC, 6.4 GSa/sec, 156 ps/step (D.Breton)

- Radiation hard (tested to 10'° n, /cm?)

AD principle:

I.1-'|’I1

Laser test:

Pulser

Phaton ar Charged PIrIchI Fassbration layer

- ‘ =3

|

110 pm

Entries

Att=10dB

SAMPIC

IR Laser
(980nm)

2500

2000

1500 |

1000 |

500 |

0

HV =-1750V

Preliminary !

12.051 12.071 12.091 12.111 12.131

TOF = ttrigger - tAD [ns]

e Timing resolution obtained with laser producing a MIP eq.:

e Opverall aim: Timing + position + calorimetry
J. Va'vra, RICH 2016, Bled, Slovenia
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Si detectors: Medium Gain Avalanche Diodes (AD)
for calorimetry

Sebastian White et al.. nrivate communication. Julv 2016

Beam test result in muon beam:

120/
Exposed area: 8 x Smm?

100/ . Orop™ 18 ps
Preliminary !

80

T 60

Count

40

20

0.40 0.45 0.50 0.55 0.60

MCP vs. AD risetimes:

Time [ns]

* Very preliminary timing resolution between AD and MCP:

* To get a timing resolution as good as MCP-PMT, S/N ratio of Si has to be ~5x better.
e This is impressive result and this approach has some chance to succeed.
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Si detectors: LLow Gain Avalanche Diodes

Cartiglia et al., INFN Torino, UC Santa Cruz, CNB Barcelona, US Ljubljana, submitted to NIMA,
and H. Sadrozinski, private communication
Pixel size: 1.3mm x1.3mm x ~50 um thick
AD from Advanced Photonics
So called “reach through thin” AD technology
Gain ~ 15 @ 200V on AD
Cividec 100x amp., 1-2 MHz BW, CFD
Scope readout: LeCroy Wave runner Zi scope,
20 GSa/sec (50 ps bins)
Simulations done with Weightfield 2 code

“Reach through” thin AD technology:

One
sensor:

Gain layer
T

e Aim: combine timing and (a) tracking, (b) front-end calorimtery and (c¢) pp-
diffraction scattering (to reach a 20 ps timing resolution, one needs multiple layers).

e There is no multi-channel ASIC available vet, which offers a fast preamp.
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Si detectors: LLow Gain Avalanche Diodes

N. Cartiglia et al., INFN Torino, UC Santa Cruz, CNB Barcelona, US Ljubljana, submitted to NIMA,
and H. Sadrozinski, private communication

Result for 240V bias:

= htemp e PRI Faasssssassanad _ ..............
Entries a6z | P dlg :

Mean oqzae | : ||

"l RS 0.0419 |

£ { et ERETE N

[...| Constant 49.66+1.78 |3
Miaan 0.1228 +0.0010 | g
Sigma  0.03561 +0.00084 |[f:

LGAD pulses @200V (gain ~15)
L0 LGADI-LGAD2 ~ 30 Ps @ 240V Aoy o

ot i e
el W T A LTI IR

O 1Gap1-Lcapz ~ 49 ps @ 200V

0 (1) =0 gapi-Lcap2 / V2

E Preliminary ! [

;_ ............... .............. ............... ..... ..... pixel size: 1.3mm X 1.3mm X SOMm-thick

FL e ¢ i i e
0.3 0.25 0.2 0.15 0.1 0.05 0

To me, this is a rather poor S/N ratio

TOF = t; Gap1 - trgapz [1S]

o(N) = f(number of LGADs):

Timing Resolution [ps]

Vbias [V] 200V 240V
N=1: 34.6 25.6
N=2: 23.9 18.0
N=3: 19.7 14.8

e 180 GeV pion beam.

* Time resolution agrees with expectation: o (N) = o (1) N-03

e Time resolution of average of 3 LGADs: 6 (3) ~20 ps (200V) and o (3) ~15 ps (240V).
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Diamond detectors

M. Berrettiet et al., TOTEM collab., NIMA 824 (2016) 87
J. Pietrasko et al., NIMA 618 (2010) 121.

- Pixel size: 4.5 x 4.5mm?, 500pm thickness

DTHisto3

Entries 1221
Mean -2.394
RMS 0.1463
%2/ ndf 140.5/ 98
Prob 0.00316
Constant 2667+ 1.07
Mean -2.385+ 0.004
Sigma 0.1293+ 0.0035

- Ultra-pure mono-crystaline sCVD diamond technology
- Fast, very low noise and radiation hard

0'Diamond ~ 90 PS

.
-
mHII‘I\I\[II\[‘\HH\IIII\IH|HI\

3 -2 -1 o] 1 2

224 TOF=T T [ns]

diamond_1 "~ * diamond_2

e Diamond detector delivers ~1.2x10* el. per 500um thickness; therefore a very-low
noise electronics must be used. Good results with fast low noise charge amplifier
(10ns shaper); 2 GHz BW amplifier gave worse resolution.

e High rate capability: up to ~3 MHz/cm?.
e This measurement used Agilent scope (2.5 GHz, 20 GSa/s).
e For LHC pp-diffraction scattering, they would have to use ~4-6 layers in tandem.
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Conclusions

Experience of large detectors points out that
combining multiple PID techniques increases the
overall performance.

There is a large effort to develop detectors combining
position & time (@20-30ps) & energy information.

Perhaps, one day, we will also have a tracker
providing time (@20-30ps) for each measured point.
Thisis will take a considerable effort, I think.

Next talk on *“Other PID techniques” in 3-years will
be interesting....
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Comparison of various PID techniques

e* identification

hadron identification

10 p [GeV/c]

e TOF & dE/dx work mainly in low momentum region.
e TRD is useful for the electron identification at higher momenta.

5/3/2010 J. Va'vra, RICH 2010, Cassis, France

e As we will see TRD can also be used as a dE/dx device at low momentum.
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Major limit: experimental conditions
SuperB & BelleIl: | LHC ATLAS central region

T~ -2 -1 - Total neutron doses: ~10'/cm? after 10 years

L ~10% cm - sec - Total charged particle doses : ~10 MRads

- Total charged particle rate : ~10° /cm? sec

- Total photon rate : ~10%/cm?sec

- Total neutron rate : ~10%/cm?sec (~1 m from IP)

- Total neutron doses: ~10% fom?®  (after 10 years)

- Total Gamma doses : ~5x10!! /om?

- Total charged particle doses : ~5x10*! fom?

- Bhabha rate per entire detector: ~100 kHz

- Background composition, driven mainly by Bhabhas at
present (MC - preliminary): ]
(2) ~87% Gammas, (b) ~10% neutrons, (c) ~3% e & -, ALICE Pb + Pb co“ °°
(d) ~0.1% protons. - Multiplicity of tracks: ~10,000/event

STAR exp. Au + Au coll.: =
- Collision rate: ~ 1kHz LHC PP diff. scattering

- Multiplicity of tracks: ~10,000/event
- Rate of tracks in TOF detector: ~50-100 Hz/cm? -L ~ 1034 cm-Z Sec-l

- Total neutron doses: ~10'2 /cm? /year (777?)

TORCH exp. in LHCb: - Total charged particle doses: ~10 /cm?/year

MCP-PMT detector rate: ~10 MHz/em? - Proton rate in the inner radiator: ~10-15 MHz/cm?
= = T rate. ~ cm

Total - detector: ~10!! photons! - Total charge: < 10 C/cm?/year in worst pixel
- rate per entire quartz T2 photonsfses B tod outrent: < 3 uAfcmz Bl pml

5/3/2010 J. Va'vra, RICH 2010, Cassis, France

e Prediction from 2010 is now obsolete, as LHC luminosity is increasing towards
L ~5-10 x 10°** cm2sec’.
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Pion efficiency

Pion rejection in TRD detectors

Experiment
C NA34 (HEL1OS)

® C. Fabjan er al. HELLIOS

® | 806
O A. Biingener et al. (NA3S)

* JELIS H1
s KEK

a LUAZ
@ H. Butt er al.

* D0

+ M. Holder et al
¥ H. Weidkamp

* H. Grassler et al.

100

Total detector length (cm)

An order of magnitude in rejection
power against pions is gained each time

the TRD detector length is increased by

~ 20 cm.

A typical pion/electron rejection factor
is ~ 100 for ~ 40 cm of detector length.

5/3/2010 J. Va'vra, RICH 2010, Cassis, France
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ALICE MRPC

C. Williams, talk in Orsay, 2009 and private discussion at CERN, 2010.

Side view (10 gaps/MRPC): .
[Cathode pickup [\~
[ ol 2

Fl.l]lj" Differantial signal 1o Y 3

froni-and electronics
4

differential o | =t (e 1 B Readout
L~ A—{ v HV alactionics mrcu
o (oot | |

N 8 . * A eleciric ating
a good S/N: /

HV. connector Aluminium box Gas connaclor

Anade pickup |
elactrode

Fishing line spacar
_.‘I"\_ Gas connector - H.V. connacior

Parameter

Total number of active gaps per MRPC & total in ALICE 10/ MRPC & 160,000 total in ALICE
Gepsia (ool by  ing oo

Glass size in one MRPC & total in ALICE 1I20x72 mm? & 150 m2 in ALICE
Pad geometry & number of pads'MRPC 25x36mm® & 96 pads/MRPC
9% C,F,H, + 5% iC,H, + 5% CF,
Signal rise time
Average total charge
Typical counting rate ~ 100 Hz/om* (max rate: ~ 1lkHz/an?)

Total mass per MRPC with 10 gaps ~ 6% of r.l./ particle passage
Mignetc eld i ALICE
Pulse height correction Leading & trailing edge timing (T'OT)

Note: Voltages applied only to outer electrodes, the rest is floating => easy to build
5/3/2010 J. Va'vra, RICH 2010, Cassis, France

ALICE achieved o ~ 86 ps in the total system.
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R&D result: 24 MRPC gaps

C. Williams, private discussion at CERN, 2010.

Test beam result:

80

60

24 active gaps/MRPC

Gap size: 160 pm

~14% of r.l.

Pad readout

Max. possible rate < 1 kHz/cm?

Time difference between MRPC1 and MRPC2

Entries / ps

100

12.5 KV
T10 test beam

o=2235ps

time resolution is
2235H2=158ps

Oror~ 22 PS

TOF = TOF;zpc1- TOFyrpcs

J. Va'vra, RICH 2010, Cassis, France

Recent communication with C Williams: This result has not improved since.
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B-field ? PMT-axis OTTS — f(¢) at B= 1-5 T

M. Akatsu et al., Nucl.Instr .& Meth. A528(2004)763-775

Phivary,B=15T

* Oy IS relatively insensitive to ¢, even though the
pulse height varies quite a bit.

6/7/11 J. Va'vra, Frascatti detector lectures II
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Average Anode Charge(a.u.)

3um hole Photek-210 in magnetic field

Y Ilieva et al., JINST, http://dx.doi.org/10.1088/1748-0221/11/03/C03061, 2016

10 S

(e=0
B=2T

B=0T
G=3.5x10% B=4T

102\

B=5T
A‘ollowed \

2400 2500 2600 2700 2800 2900
Voltage across MCP (V)

JLAB results in B-field of 1-5 Tesla:

-5

3 o <l .
LY oo ~146=20 B=0T a °
5 9—10 3 5 A
% . L \/ ] B=0T
o / 202 2 26=3.5x10°
5 aaor | 8 B=2T | §
O o Q
[(}] /1 o O
§ B=0T B=3T 2 2
£ coisac / £10 B=3T | <0 B=1.5T
& g g
g Max. allowed V 5 Max. allowed V o Max. allowed V
z < <

2400 2500 2600 2700 2800 2900

Voltage across MCP (V) Voltage across MCP (V)

!
5400 2500 2600 2700 2800 2900 5400 2500 2600 2700 2800 2900

Voltage across MCP (V)

0: angle between sensorand B-field axes

The same can be said about 3 & 6 um MCP. One has to go to very high voltage at 3T.
JLAB simulation studies are in progress, including a role of individual chain voltages.
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