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Introduction

Because of the severe radiation environment expected at the HL-LHC
a light monitoring system is important for keeping intrinsic precision of
the proposed LYSO/W Shashlik calorimeter.

The required monitoring precision is 0.5% because of the 1%
constant term of the energy resolution due to its sampling nature,
which is less stringent as compared to the 0.2% required by the PWO
ECAL to achieve 0.5% constant term in the energy resolution.

The required monitoring frequency is much relaxed as compared to
the half hour for the CMS PWO ECAL.:
* The radiation damage effect in both LYSO crystals and quartz
capillaries is much smaller than that in PWO crystals.
 There is no need to monitor the calorimeter when the beam is off
since radiation damage in this calorimeter does not recover.

Progress has been achieved in monitoring LYSO/W calorimeter.
Prototypes were built and tested with LYSO/W/AI Shashlik cells at
JPL, and will be tested next week at Los Alamos.
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A LYSO/WI/AI Shashlik Cell

Coupled to PMT LYSO Plates Aluminum Foll W Plates
: (14X14X1.5mm) (14X14X0.015 mm) (14X14X2.5 mm)

--------
--------

I T T TR (TITTATTTTTLS TT ol i\
Monitoring & Y-11 fibers Al foil wrapping Monitoring fiber
beam dump

Aluminum foil is used because of its excellent radiation hardness

See: https://indico.cern.ch/event/341217/contribution/7/material/slides/0.pdf
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Two LYSO/W Shashlik Cells: 90 Mrad f -

LYSO OET Plate 14x14x1.5
i Gk LYSO SIC Plate 14x14x1.5
~ o~ LYSO CPI Plate 14x14x2
LYSO CTI L2 25x25x200
BaF2 SIC2012 20x20x250
LYSO SIPAT L2 25x25x200
LYSO SIC L2 25x25x200
——— LYSO SG L2 25x25x200
Bao e BGO SIC2011 25x25x200
d BGO NIIC 25x25x200
Shashlik (LYSO/W) x 2 14x14x150
LYSO OET Plate 14x14x1.5
LYSO SIC Plate 14x14x1.5
LYSO CPI Plate x 2 14x14x2
LYSO CTI L2 25x25x200
BaF2 SIC2012 20x20x250
LYSO SIPAT L2 25x25x200
LYSO SIC L2 25x25x200
LYSO SG L2 25x25x200
BGO SIC2011 25x25x200
BGO NIIC 25x25x200
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Data taken ~72 h after 90 Mrad @ 1 Mrad/h
Systematic uncertainty: 1%, 3% with fibers replaced

Optical chopper

LED

——

Thorlabs M420F2
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LYSO-W cell wrapped with Al foil
200 mm WLS fibers

S

14 x 14 x 120 mm3

N

Moni. beam dump

el

Moni. fiber

Light tight box

Beam sampler

=
i Collimator

Thorlabs
DET10A

Ref.

Main

Lock-in Amplifier GPIB
(Oriel Merlin)
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Counts
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SIC LYSO-W Cell Entries 1000
aook Al foil wraping Mean 0.9999
Y11 WLS+PMT (R2059) readout RMS 0.6788E-03
420 nm LED (M420F2) source Constant 545.2
600F Ref PIN (Thorlabs DET10A) — | Mean 0.9999
Sigma 0.6264E-03
400F
1
200F
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098 0985 099 0995 1 1005 101 1015 102
1000 -
After 90 Mrad y-irradiation Entries 1000
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Sigma 0.6896E-03
400F
o New Y-11
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Aol wreping Mean 1.000 800:- Al foil wraping Mean 1.0000
800F  v11 WLS+PMT (R2059) readout | RMS 0.8783E-03 E Y11 WLS+PMT (R2059) readout | RMS 0.8319E-03
o [ 420 nmLED (M420F2) source Constant 439.1 o [ #20nmLED (M420F2) source Constant 4836
.E. 600F Ref: PIN (Thorlabs DET10A) Mean 1.000 E 600- Ref: PIN (Thorlabs DET10A) Mean 1.0000
S Sigma 0.8357E-03 8 . Sigma 0.8319E-03
O ,f =
400F 400
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0 F Constant 4889 0 s Constant 604.9
= 60of Mean 0.3027 | 2 600F Mean 0.9415
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200 200F
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0.295 03 0.305 0.31 0315 093 0.935 0.94 0.945 0.95 0.955 0.96
Ratio Ratio
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LYSO/WI/AI Cell WLS Fibers LED Response (%)

29+1
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SIC-C1, 90 Mrad Y-11 Irradiated
SIC-C1, 90 Mrad Y-11 Replaced
OET-C1, 90 Mrad Y-11 Irradiated
OET-C1, 90 Mrad Y-11 Replaced

93 +3

30+1

94 + 3

Consistent degradation was found in LYSO/W/AI Shashlik cells

constructed by using LYSO plates from SIC and OET.

After replacing damaged Y-11 fibers with non-irradiated ones the net
damage in LYSO/W/AI cells after 90 Mrad @ 1 Mrad/h is measured
to be 7%, indicating less than 1%/year caused by ionization dose.
Combined with the excellent radiation hardness of quartz capillaries,
damage at this level is easy to be followed by a light monitoring
system in situ at the HL-LHC. Will look hadrons at Los Alamos.
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Liquid WLS: No damage up to 50 Mrad Induced p in Quartz Fiber

See Tommaso’s talk for the details NIM A585 (2008) 20-27
] D pA)
Study of Light Collection from Capillaries taND(A) = 1343 ~a(Ad) - (ﬁ)
as a function of irradiation (gammas) 0.8
G
__ for op
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The overall induced p after 150 Mrad is 0.8 and 0.5 /m at 500 and

430 nm respectively, corresponding to 10% loss in light output or 1%/year

o
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Monitoring with Light Pulses

Monitoring
Fiber

Wavelength Shifting Fibers APD

Absorber
LYSO Crystal

Shashlik Bulk Crystal

Light pulses with a wavelength
close to the emission peak would

be effective to monitor variations
of crystal transparency.

Monitoring fiber
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-10
Normalized Light Output Loss (%)

-10

A= 424 nm
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The slope represents the monitoring sensitivity at a particular wavelength
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7/ Choice of Monitoring Wavelength

T e 1.2
[ ® Average Sensitivity T Consistent monitoring
22sF U ngl'gf;‘g;ag;gfvﬁt”'ty : sensitivity is observed for
: 1 both the EWLT and the
2 BP~l ‘vavelength close to the
- Sl emission peak: 425 nm.
+=1.75 -
> i 08w _ _ _
= s % Consistent divergence is
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GJ 5
[ O the EWLT and 425 nm
U125} 0.6 O)
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Used in LYSO/W Shashlik beam test at Fermilab

18"x36" breadboard

Laser Safety Box
Fiber couplling

Shutter Sampler
| LN 1
355 nm I
Opolette 3551T+UV ' N N :: l{
(20Hz) 425 nm; N F>El—

og. Variable

Attenuators
l

Oplette Power Supply

Shutter Shutter

Control

Control

‘ Ext. Trigger

Q-switch signal

Slow Monitoring (USB)

Labview on Windows

In laser room
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FC Feedthrough on Back Plane
l 4x4 Matrix

//:

:::::::

Reference f

In beam
enclosure

Integrating sphere
1x18 Fan-out

Caltech July 10, 2014
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yuee B8 With no radiation damage
I 1 at Fermilab the system was
¢ used for debugging and
mapping readout channels
~and studying amplifier pulse
/1" shapes, and calibration with
single photo-electrons

Integratlon Sphere and Monitoring Flbers
?éﬂn% _“i {‘ ““*““\Wﬁwﬁg.zf ;

P
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Pulse to pulse monitoring precision: 1%
0.1% reached with average of 500 pulses

500 | Entries 8980 o Entries 18
2” integrating sphere fan-outs Mean 1.000 [ 2” integrating sphere fan-outs Mean 0.9999
_ RMS 0.1039E-01 i _ RMS 0.1423E-02
[ Detectors: Thorlabs DET10A &/ndf 118 J 74 - Detectors: Thorlabs DET10A &/ ndf 2401 | 4
aool Ratio: Ch10/Ch20 Constant 3515 gl Ratio: Ch10/Ch20 Constant 5.248
Mean 1.000 [ Average: 500 pulses Mean 1.000
Sigma 0.1008E-01 [ Sigma 0.1175E-02
300 6 N
wn 5 7] i
—-— o
C 5 C
-] 3
O I o) :
O T O I
200 =
100 o
o NP B o . PR [ VP L e L.
09 095 1 105 11 096 0.98 1 1.02 1.04
Ratio Ratio
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355 nm: 14,000 p.e./mJ, corresponding to 2.5 GeV/mJ
425 nm: 200,000 p.e./mJ, corresponding to 36.5 GeV/mJ

160
| 14x14x140 mm® LYSO-W Shashilik Cell-1
140 40 cm WLS (Y11) fiber readout i
Source: 0.3 mJ 355 nm pulse
[ 38m injection fiber, 0.5” Teflon Sphere fan-out
120 - R2059 PMT, HV=-1500 V, Gate=200 ns .
| Net peak= 631 ch, = 27 ch
100 - Light Yield: 14000 p.e./mJ i
2 { &
S o [ESL { 5
o | ©
@) @)
60 |- -
40 -
20+ =
0 | ] | 1 | 1 ] 1 1 | ] | 1 | 1 ] 1
100 200 300 400 500 600 700 @800 900 1000

Channel Number

160

140

120

100 -

40

20

| 14x14x140 mm? LYSO-W Shashilik Cell-1

[ 38m injection fiber, 0.5” Teflon Sphere fan-out

| Net peak= 512 ch, 6= 35 ch

40 ecm WLS (Y11) fiber readout
Source: 0.3 mJ 425 nm pulse

R2059 PMT, HV=-1100 V, Gate=200 ns -

Light Yield: 200000 p.e./mJ

1(|][)I2ﬂ(]l31]0l4[|)0 5[|)I]Iﬁ(I]D T(IIIDIBI]DIQEJDIWD[)
Channel Number

A factor of 15 lower dynamic range for 355 nm caused by excitation and attenuation

Commercial DPSS lasers @ 355 nm have pulse energy of 15 times of the blue
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13dB +2dB + 39 dB

Endcap, 1 x 300 optical switch

Pulse Timing
-

Trigger | 355 or 425 nm

L]
: o 1x200 2
® * .
¢ O : O Level 1 .
—™ 447 nm ~ Fanout
150 m
optical fiber
— 709 nm /79%nm [~|5x1 1x80
Optical Optical
Switch Switch

532 nm

Online lasers

ol —

ND Attenunator

The same PD & Electronics

PD
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CeF; has an emission centered at 340 nm, so
lasers at 355 nm may also be used for CeF,
transparency monitoring.

There are also frequency quadrupled laser at 256
nm which matches well the excitation wavelength
of CeF; so can be used to monitoring both
excitation and transmission processes.

Monitoring a CeF;/W Shashlik calorimeter thus
follows a similar approach as the LYSO/W
Shashlik calorimeter discussed above.
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Summary

A light monitoring system is important for keeping
precision of the proposed LYSO/W Shashlik calorimeter.
The required monitoring precision is 0.5%.

Because of small damage level and no damage recovery
the required monitoring frequency for the proposed

LY SO/W/Capillary Shashlik calorimeter is much lower
than the %2 hour required for the CMS PWO ECAL.

The monitoring wavelength for LYSO is 425 nm for
transparency and 355 nm for both excitation and
transparency.

A higher monitoring dynamic range may be achieved by
a lower monitoring frequency.

R&D Issues for the monitoring system:

» Effective leaky fibers;

« Efficient level 1 split; and

« Radiation hardness of monitoring components.
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LHC (10* em™s ", 500 fb™ HL-LHC (5x10™" em s ", 3000 fb™
CMS Radiation Sy ) { om s, )

Barrel (max) Endcap (max) Barrel (max) Endcap (max)
Absorbed dose (rad) 3.50E+05 2.10E+07 2.10E+06 1.26E+08

Dose rate (rad/h) 25 1512 126 7560

Fast neutrons fluence (E>100KeV, cm ) 3.00E+13 8.00E+14 1.80E+14 4.80E+15

Fast neutrons flux (E>100KeV, cm™s™) 6.00E+05 1.60E+07 3.00E+06 8.00E+07

Charged hadrons fluence (cm™) 4.00E+11 5.00E+13 2.A0E+12 3.00E+14

Charged hadrons flux (cm™s™) 8.00E+03 1.00E+06 4.00E+04 5.00E+06

y-rays: Up to 130 Mrad at 7.6 krad/h;
Fast Neutrons: Up to 5 x 101> n/cm? at 8 x 107 n/cm?/s;

Charged hadrons: Up to 3 x 1014 p/cm? at 5 x 106 p/cm?/s.
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Al Foil AlMylar ESR Steel Foil Tyvek

"' | .ﬁk\‘ / \ 3 ' | . . . .

= = = 1o L r2 3 L3

Wrapping Materials

Teflon  Teflon  Teflon
3 layers 5 layers 8 layers

(§= =] 20 ] | =22 3 24

https://indico.cern.ch/event/341217/contribution/7/material/slides/O.pdf

Hitachi U3210 UV/Vis Spectrophotometer Large Sample Compartment

Mirror

Reference beam %

PMT at the bottom window

Integrating sphere

Measurement beam

8=10°

Film sample of 15 mm in diameter

Sample ID Thi(cukr:)e >
Al Foil 15
Al Mylar 10
ESR 65
Steel Foil 50
Tyvek 150
Teflon %3 25%3
Teflon x5 25%5
Teflon x8 25%8
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13dB + 17 dB + 39 dB

Pulse Timing
-}
Trigger | 447 nm . Barrel, 1x5 1x200
° Endcap, 1x9 ¢ H
P4 * ®
¢ . Level 2 . O Level 1 .
— - 447 nm ] Fanout Fanout
150 m
optical fiber
—» 709nm/ 796nm—|5x1 1x88
Optical Optical
Switch Switch <4+ <4+—

Online lasers
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Barrel, 36 SM x 2 850 Crystals / 0.5 SM
Endcap, 4 Dee x4 916 Crystals/ 0.25 Dee

[I PWO R —

APDs (Barrel)
VPTs (Endcap)
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