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HCAL Forward Region Task Force

Proposed additions to

current HF Calorimeter ¢
[ ——mermen Q\& o 1. Timing Layer:

Quartz bar arrays to achieve
high precision timing (IHEP)

2. EM Module:

Samplingcalorimeterwith

—>|p5 | high-Z absorbers and active

layers either:

2.1 HFnose :

Si Calorimeter (likelGCalfor
[ region [3 <h < 4.5] (MIT)

e e 2.2 Quartz Wall :

Absorber s

Yp20IpsL ——

Scheme of prlnC|_pIe| QuartzFiberbundle device
(not technical design!) above eta of 5 (Istanbul)

Quartztile+PMTarrays (lowa).
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VFD Quartzflber ribbons +pixelizedPMTs/MCP o8iPM®*)
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ngitudinal fibers, FF = 10-15%
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Precision Timing with quartz bars/fioers and segmented
photodetectors

S.0Ozkorucuklu
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ToFMeasurements

ToF =L/v=L/(Bc) with B=pc/E=pc/[(mc?)?+(pc)?] Y/

1€ : >
«— Tof ——» ToF = (L/pc) [(me)2p?/2
11 o T2 , ToF = (L/c) [1+(mc/p)?]*/2
(m. D) \\ For p >> mc (B -> 1):
? { ToF = (L/c) [1+(1/2)(mc/p)?]
Y “‘ As function of B (->1) and y (>>1):
D1 D2 | g% ToF = (L/c) [1+(1/py)?]Y/2
= (L/c) [1+(1/2)(1/By)*]
T=t,-t,=
Y Vi1 (TpD,)T#D,) = ¥ 12 _ | .
(T1+T0F+D2)-(T1+Dl) _ [geometrid dlectricg electronid
= ToF + (D,-D, ) 2 .2 2 2 2
" O rotal © O ALY - O rwai™ O litter™ O 1pig*

(D = dtr+ dpd+dca)

13.02.2025  [tr = transit;pd = photodetector, ca =cable$



Example  K.inami- Time of Flight measurements with M®&RT
International Symposium on the Development of Detectors, 2006/4 at SLAC

Beam test 2 setup
e 3GeV/c m beam

o at KEK-PS =2 line
e PMT: R3809U-50-11X

e Quartz radiator
o 109x40Z2mm with Al evaporation

i B 30cm _
Trig.1 - - Beam
---g---1 - - - ————4_|———;3—Gn--W
I T, ev/c
TOF1 TOF2 Trig.2
Quartz radiator block + MGPMT s;f pLJa [3])

Get resolutions by 6, /V2

Nonnegligible material budget:
o0 Quartz block
o MCRPMT
Multiple (independen) measurementgroblematic showering
13.02.2025 producecorrelations
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Example Optical detectors
TOHRrecisiondependson intrinsictime spread of lighemission

S. EDerenzoWoon-SengChoongand WW Moses, Fundamental limits of scintillation
detector timing precision; Phys. Med. Biol. 59 (2014) 82286

A) Scintillation:

Excited state

energy

Ground state

return to goundstate
A photonemissiorwith
decaytimes of few ns.

Interatomic distance

For scintillatorg IMIP produces :N,, £

A absorption ofionization 10°m

A electronexcitation and 10-4m

Ionization excitation of base plastic

u Forster energy transfer

base plastic

primary fluor
(~1% wt/wt )

emit UV, ~340 nm

v
é absorb UV photon secondary fluor
(~0.05% wt/wt )
g emit blue, ~400 nm
1 Y

absorb blue photon

photodetector
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Quartz + MCHPMT

AQuartz (Fused Silica) Cherenkov Timing Detectors
Ainstantaneous source of almost isochronous photons
Atransmission by total internal reflection (TIR)

AFusedSilicaare radiationhard § 20 Grad

[Typ yield (270 <I <680 nm): 1 MIR->Nphf pnnkOY®8

KATOD UFBG-2D
(Russian MGPMT)

AVICRPMT are photodetectors with
Anegligible transit time spread (TTS <&
Aand high gain (510°)

Speciality Glass Products (U! KU1 (Russian Standard)

13.02.2025 8
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Window Glass US19

Photocathode Material (NaKSb)Cs

Effective Photocathode 18
Diameter, mm

Spectral respose range, nm 200- 750

Radiant photocathoe >70
sensivityat. T v dta
Gain 1.x10¢

Dark Current at gain 1x$0A < 1x1(°
Max anode current, nA 300

Supply Voltage, kV <3.1, negative

Thanksto V. SamoylenkaIHEPProtvino)
for establishingcontactwith the KATOD
Company(Novosibirsk andfollowing
the UFK5G-2D customdevelopment

13.02.2025

MNight Vision Systems
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Single Photoelectron Study
[Katod UFK5G2D MCFPMT]

CAEN N470
Power Supply

LeCroy
Waverunner 8104
Oscilloscope

1]

-

Black Box

;l

Katod
UFK5G-2D

13.02.2025
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Single Photoelectron Study
[KatodUFK5G2D MCFPMT]

LeCroy
Waverunner 8104
Oscilloscope

CAEN N470

Power Supply
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g‘%, [/ 2dzy 0 SNQ&a | aasy ﬁTHE UNIVERSITY |
-:.). 5 OF lowA

KATOD recommendk M b Hc 2D window (1.2mm thickjjuartz bars were
coupled to MCHPMT windows following a rigorous procedure to insure:

_ ] _ ] position
o Correct geometry of bars and ME®/s, allowing a reliable installation on holcljilng
the supports at the tesbeam area in DESY, ribs
o Good optical contact of the quartz bar ends and the MRBPT window; we \ foa;“ Cushion
OK2aS8S I RANBOG GRNE¢ O2yil OO 0¢AGK?2d7 | TR f

order to avoid damage of delicate borosilicate glass windows

o Complete light tightness of the assembly, with no contact of the envelope
walls with the faces of the bars, except with ends opposite the fANF
window, which were covered with black absorbing pads to suppress
reflected rays and gently press the bars against the photocathode window.

MCP-PMT

Assembled Counter

The quality and stability of the bar egdhotocathode window contacts, and light tightness
were checked for the assembled counters at nominal HVs and irradiating the quartz bars with
a radioactive Sr90 source, observing the typical beta ray signals.
13.02.2025 12



TypicalTestBeamConfiguration for Timing Detectors

Beam@

Time
Trigger Timing Reference
Countex(s) Detector(s) counter
Tracking  ynder Test Dt =t -t
Detectors DUT *TRC
A Time Referenc€ounter(TRC)danbe] : th =5 €T+ . TRCZ
calibratedoccasionally
A Calibrationcanbe done «in situ» or e th- e
elsewhere »
A Betweencalibrations TR@ropertiesmay ) DUT= a 2Dt - TRZ,C
drift in time

Set up a Time Reference System (TiRf)s continuouslycalibrated

13.02.2025
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Time Reference System (TRS)

TRS consist of three quartz Cherenkov counters
Straight Bar
Left

Detector Under

Tes Time
Reference
: E Counter

Trigger
Scintillator Straight Bar
Counter Right
Apparatus: Quartz Bars and Block + MCP (KATOD)

- 2 (identical) Slant (4% Bars (SBR)

- 1 Headon Block (@) Time Reference Counter

TRC
( Me)asuring simultaneouslifoFbetween each pair of the 3 counteiis, hypothesis

of independent measurements (no covariance):

S1°=(S1°+S5%) ; S13°=(S1°+S39) ; Sx°=(S,°+S39)
time resolutionfor eachcountercanbe obtained
After calibration the TRC (was/can be) used with DUTs

13.02.2025 14



3DTime Reference System (3BS)

0\)\. 0”,1, L
< : THE UNIVERSITY
- ?g TRS consist of three quartz Cherenkov cou | OF [OWA
6 &4 SB2
* 1253 % Quartz bar
Doublets
2x(5x5x100 mm3)
Detector Under [vertically Inclined 45°
Tes . Time
eam
Reference
E 5 Counter
SB1
Quartz bar TRC
Doublets EJ-UVT block
5x5x100 mm?) (12x12x25 mm3)
Apparatus: Quartz Bars and Block + MCP (KAT[Qf,S tally Inclined +45°] [Head-on (0°)]

- 2 (identical) Slant (#» Bars (SB2)

-1 Headon Block (@) Time Reference Counter (TRC) Dt = tout- T1re
Mgasuring simultaneouslyfoFbetween eaf:h pair of the 3 countelig, hypothesis ) D% = DU2T+ ) TRC2
of independent measurements (no covariance): 2 v 2 2

S1°=(S1°+S5%) ; S13°=(S1°+S39) |, Sx"=(S,°+S39) bUT™ Dt___TRC
time resolutionfor eachcountercanbe obtained . - 2« 2
After calibfation the TRC can be used with DUTs DUT Dt~ ®RC




DESY Il Test Beam Facility

o ‘)‘ -
Secondary _
Primar Targets, € Tor g
T y °.> Dipole Magnet
arget R —— ST
| & \\ 1 I % -?
ee") N
DESY Il
Bremsstrahlung beams Energy : X 6 GeV
A Converted to € e pairs, Energy spread : 5%
A Momentum/Charge selected in magnetolimator setup Divergence : 2mrads
3 beam lines : T21, T22,T24 Flux : 0.3 1kHz/cn#

A TRS measurements were conducted at Tizline

E¢CKS 59{ ., LL {Sesilidoicn$/MoYlols/).ntnk.POASIIE E3}P
NIMA, Volume 922, 1 April 2019, Pages-285

13.02.2025 16


https://doi.org/10.1016/j.nima.2018.11.133

BlockDiagramof TestBeamSetupand AcquisitionSystem

Ay S
2] Q@
2 5
o @ S1 s2 T1 T2 T3 ™ T5 T TRC
¥1453 % — = — o
[] >
. L] -
Diamond Quartz
\ ) R J WR 8104
|
A 4
. . Quartz

This activity started as i . RawData J

part of the PPS timing Tracker Diamond

test beam studies in order | Rawbaia DA

to serve the detectors l

under tests (DUTS). : l_ \

Hit Builder SAMPIC
TrackFitter WEFDigitizer
DAQ
DUT1 Diamondtiming detectors DUT2 Quartzbars+MCFPMT

13.02.2025 17
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y @ . : :
& § TRC was also investigated without quartz block.
e Window effect clearly visible
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Data Acquisition (DAQ)

DESY Test B
WRalos DAG DAQ PC Four channel LeCroy 8104 DSO used for

measurement of MCP signals
A Bandwidth 1GHz
A Sampling period 10 GS/s (for 4 Channels)
Fast segmented aqusition was used for data

taking.

‘—=u
N\ ~

Event display

Blue : SB1
Green : SB2

Yellow : SB1
Red : TRC
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Plastic Scintillators

@DESY Test Beam Setup

Diamond Detectors

Quartz/Sapphire
e Beam + Collimator

20



Event 481 Runi9, EventDisplay
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Timing Measurement o | i

0
Sl

4 Signals in LeCroy DSO WR8104 -
ACh1 = Si(triggerth2 = TRACh3 = SBLh4 = SB2 &
AToF1 = Ch8Ch4, ToF2= CH2h3, ToF3 = CH2h4 &

Asq2= Gsps +Sspf) S22 = B1ré +Sspf), S3° = B1réE + $8%)
Then the time resolutions for each counter can be obtainec
ASTRC: sqrt {p,2+s3%-5,7 /2}
Ascr=sart {b-,2-s2+5,2] /2
se1= sArt{p, 3 1] 12} 4 Amplitude [V]
First fit region on the signal, slightly taller than

A S SBZZ Sq rt {E 32 = S 22 + S 12] /2} the 20-80% region. These points obtained

directly from data, by checking its points and

g

0'[ |IIII|IIII|IIII|IIII|IIII|IIII|III!‘

§Uk

o

comparing each points according to 20-80%
Baseline computation region of amplitude of the signal.

. . . 0% o / - -
Using offline CFD method, time - T
pickoff points were extracted for o |
each counter at 50%

0.5 x Amp + noise mean -=---==- f

Time-pickoff point

Amp 90%

Time [s]

tcounter

13.02.2025 22
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Timing Measurement

Runs can be grouped A TRC far from SB1{Run?10)
according to MCP+QB setup: A TRC near SB1/2 (the displacement 438r(tram11-18)

A Diamond removed from beam lin&un1920)

mean Dt [ns] st. dev. ToF(Lns]
' o

o o o o o o
o o o o o o o o
5 8 2 8 § 8 B g B ¢
O T \'\;\ T h‘ T ‘Oﬁ‘ T ‘oo‘ T ‘07 T T T T T T T T L L L L L O B 3
! - et : ,_r_< .
Lot IE b f 1.1 :
m (o) . - /’ ' o i
= 0 9Qg . C g 8 & L
- — 2] — — | ° io P /
G ] £ s f 5 PR
> of g8 8 ] L o)y < .
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& & 2 & )
= e S [ 5
o o | g 2 ’ =)
8 S g S5y 5
E_ H | w H+ [ [ L1 m
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©

13.02.2025



Timing Measurement

A TRC far from SB1{Run%10)
A TRC near SB1/2 (the displacement 438rtmm)11-18)
A Diamond removed from beam lin&un1920)

Runs can be grouped
according to MCP+QB setup:

displacementof TRC islearlyvisible
Dt [ns]

© o © © © ©
o o) © N N o o)

¥'8

H T T T T | T T T | T T | T T T | T | T T T | T T T |i| T T IEI
o """""""" """""""" """""""" """""""" ’ — Thechangeof ToFbetweenruns# 9and# 11
|- »’ ‘ ] correspondsto,the displacemenbf TRy
o ; 4 ] noyYY o0F ngbr=dyindsthe Og
R B 1.46 ns . 1.4 measuredToFdifferenceis 1.46ns
] e e =%
e e —— IRl
I 2 Rz
B [ e s I
§ - i g B Je
- 1@
Y TS -8
= =] i S PP A PP A AP A AP 7

1/c =3.3356409519815204957557671447492 ns/m
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Timing Measurement

Time Resolution [ps]
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A TRC far from SB1{Run%10)

A TRC near SB1/2 (the displacement 438mm)
(run11-18)

A Diamond removed from beam lif®&un1920)

Theresultsare approximately33ps
resolutionfor the 2 straightbar counters
inclinedat 42, andcloseto 10psfor the
TRQounter
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QFib Test Beam Setup

Beam defining counters

BSI Y RS HBRy @armetdr ar
10x10mn# according to combination of
coincidence of beam counters

,,,,

DUT: Detector Under Test

A 1.5m long HPPP fibers + MGPMT/PMT

A 2.5m long HF fiber bundle + ME&MT

A 0 (B SN | e : A 12cm Polymicro fiber bundle + MERT
T =5 A 8cm Polymicro High NA fiber bundle + MERRT
V- RS i A 12cm Polymicro fiber array(7x7) + MERIT

TRS: Time Reference System

SB12: MCPPMT + @ar doublets (two 5x5x100m#h 42 to the
beam

TRC: MGPMT + Qlock (12x12x25mi)/UVT Plexi (12x12x20n#m
Head on -




SPS Beam Profiles @ H8B - 180 GeV Pions

XDWC03_H8B_H

3500
0
0
2000
1500
1000
500 ‘ ‘
0 -|I|| ||I|I-
—40 -20 0

Beam Position, mm

SPS Beam Profiles @ H8B - 180 GeV Pions

||I||..

XDWC03_H8B_V

13-02-20%55111:1 Position, mm

Data Taking Conditions

A 100, 120, 140, and 180 GeV pion beams were
available.

AMainly 180 GeV pion beam was used.
Aln total, 57 Runs and 29 Scans were taken.
AMore than 61.5 Million events were taken.

ATRS calibrated with the scans.

A Attenuation and time resolution in the differeffibres
were investigated
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Sl

Time Reference System (TRS)

TRS consist of three quartz Cherenkov counters
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Counter

Apparatus: Quartz Bars and Block + MCP (KATOD)
- 2 (identical) Slant (#» Bars (SBR)
- 1 Headon Block (@) Time Reference Counter (TRC)

Right

Measuring simultaneouslffoFbetween each pair of the 3 counteiig, hypothesis
of independent measurements (no covariance):

S12=(S12+Sy%) ; S1#=(S12+S3%) ; S =(S,2+S39)
time resolutionfor eachcountercanbe obtained

After calibration the TRC (was/can be) used with DUTs
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List of available fibers and dimensions

Module Type Core | (um) Clad (Lm) Buffer (um) | OH-(ppm)

PPP-HF FSHA | Silica | (300) | Polymer |(320)| Acrylate | (345) ~700

‘o FIA Silica | (200) F-Silica | (240) | Acrylate | (500) <1

IN Silica | (300) F-Silica (316) | Polyimide | (345) ~1200

aon”n

HF FSHA | Silica | (600) | Polymer(?) | (630) | Acrylate | (800) ~500
200mroll | JTFLH | Silica | (600) | Polymer(?) | (630) | Acrylate | (950) ~7?7?7
High NA FSU Silica | (330) | AF(Teflon) | (350) P77 (400) ~7?77

For PPP-HF module:

FSHA- and FIA-type manufactured by Polymicro Inc. (USA)
IN-type fibers manufactured by INFOS (Russia)

For HF modules:

FSHA-type manufactured by Polymicro Inc. (USA)

We are also testing plastic clear fibers’ bundles (from Kuraray)
Assembiies of fused silica bars and rods (from HERAEUS) will be tested soon




Polymicro (MOLEX) Hberstested

FSHA600630800 (OH- 500ppm) JTFLH600630950 (OH- ??? ppm)
(= 200m spool)

PPP-HF : FSHA300320345 (OH- 700ppm)
High N-A : FSU330350400 (OH- ???ppm)

13.02.2025 (=3m) 31
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Fibers’ Assemblies

Buffer

Fiber’s Structure

M
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Optical Inspection

PolymicroJTFLH600630950

A Thanks toR. Stefanovitch fibers were cut by 12 cm
A Thanks tdBuse Duranall fibers wergolished by hand
A brought together in different configurations

A Array or Bundle




7x7 12cmPolymicro Fiber (SSHF Array)
JTFLH600630950




Conditions for 12h Scan; Angle Scan

- (X7 12cmpPoly-Micro Fiber with Sipad
- SSHF Array

- Fiber stands 5.5 cm and 7 in a row.

Amplitude [mV]
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12cmPolymicro Fiber (SSHF Bundle)
JTFLH600630950




Angle Scan
SSHF Bundle For both cases (fiber array or bundle), 90degree

A Fibers are more compact and more fibers configuration could not be read out because of the critical
were broth together so the amplitude is angle. CreateCherenkov photons gout from the fiber.
higher than the fiber array
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High NA- Bundle
A 74 x 8 cm HNA fiber bundle

A Using same HV and MCP, amplitudes are better than other fibers.
Even though effective thickness slightly small than the other
types!!!
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. Angl
High NA- Bundle ngle scan

A 74 x 8 cm HNA fiber bundle Evend0-degreeconfiguration gives very good results!!!!

A Using same HV and MCP, amplitudes are better than other fibers.
Even though effective thickness slightly small than the other
typest!!
Amplitude [mV] Time Resolution [ps]
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Short Segment HF like Fiber High NA Fiber Bundle

(SSHF) Bundle VS FSU330350400

JTFLH600630950
SSHF and HNA Mean Amplltudes SSHF and HNA Time Resolutlons
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High NA- Bundle
A 74 x 8 cm HNA fiber bundle
A Length Scan at 45 degree

Amplitude of the HNA fibras quite stable along the fulength (8cm)
And time resolution varies between 280 ps

Amplitude [mV]
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DUT Setup Beam
[ T 7@ 180 GeV Pions
Timing measurement was performed using
both short and long fibers for different
distances and angles to the photodetector. _
DUT Fibers
For the High NA fiber time resolution, we
obtain ~26 ps. (Next page)

Analysis still on going.

SB1

TRG; With 12x12x25mriQBlock
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PPP (HF PreProduction Prototype) Fibre bundle
With Hamamatsu R7525 With MCRPMT

1.5 m long PPP fibers attached
to the different PMTs




Time resolution of HPPHiber 20 cm away from the photodetector



