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Towards HL-LHC
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PILEUP Impact @HL-LHC
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RUN 2: 40-60 interactions per bunch crossing
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In CMS, PU mitigation relying on the high granularity of
the tracking subdetectors and dedicated algorithms
combining their information. Due to growing spatial
overlap of tracks and energy deposits, in the transition
from 140 to 200 pileup events (Line density >1 mm-1)
reduced efficiency of tracks-vertex association.

Misidentification, degradation of reconstruction efficiency and energy resolution
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PILEUP Impact @HL-LHC
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\ In CMS, PU mitigation relying on the high granularity of

N CRMEIRIWVRYIESY the tracking subdetectors and dedicated algorithms

combining their information. Due to growing spatial

HL-LHC: 140-200 interactions per bunch crossing overlap of tracks and energy deposits, in the transition
from 140 to 200 pileup events (Line density >1 mm-1)
reduced efficiency of tracks-vertex association.
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Misidentification, degradation of reconstruction efficiency and energy resolution
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CMS strategy for PU mitigation
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Physics performance with MIP Timing Detector (MTD)

HH — bbyy ( 200 Pileup Distribution )

Vertex merging reduced from 15% using 3D-PF
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L. Soffi’s talk

Physics performance with MIP Timing Detector. Today 12.20
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MIP Timing Detector
M. Tornago’s talk

BTL: LYSO bars + SiPM readout:
TK / ECAL interface: In| < 1.45

Inner radius: 1148 mm (40 mm thick)
Length: £2.6 m along z

Surface ~38 m<; 332k channels
Fluence at4 ab™': 2x10™n_Jem?

ETL: Si with internal gain (LGAD):
On the CE nose: 1.6 <|n| < 3.0
Radius: 315 <R <1200 mm

Position in z: £3.0 m (45 mm thick)
Surface ~14 m¢; ~8.5M channels
Fluence at 4 ab™': up to 2x10"™n, Jem

----- Photon
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DIFFERENT TECHS?: RAD HARD+COST

“““““
.....

Superconducting
Solenoid

lron return yoke interspersed
with Muon chambers

MTD DELIVERED MEASUREMENT

Raw: Time of arrival of the Mip on the MTD

Final: Track time at the collision vertex

How: matching the track to MTD hits cluster and
correcting the MTD time measurement for the TOF
obtained using the track length and the particle

velocity
BTL coverage: |n| < 1.48 y TIME RESOLUTION:
30-40 ps Begin Of Operation (BOO)
1.6 < | 77| < 3 z "7)( <70ps EOO End Of Operation (EOO, 3000 fb-1)
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Barrel Tlmlng Layer (BTL) T= -35°C with CO2 cooling

ﬁ
Tracker Support Tube

Detector module
(two arrays
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EF board
cold plate LYSO:Ce crystal CO;coolingloop SiPM

TOFHIR ASIC

BTL Module:

1x16 crystals
(32 channels)

Crystal bar

SiPMs

BTL Read-out
3x8 modules
(768 channels)

I

I

— BTL Tray: Type | t(mm) | |Eta
6 Read-out units
BTL detector YA608 charmatel 1 3.75 | 0-0.7
72 trays: 2(z) x 36(9) 2 3 0.7 -1.1
332k channels 3 24 |1.1-15
L=56.2 mm. w=3.12 mm
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BTL sensors: LYSO:Ce crystals & SiPMs

LYSO:Ce crystals

* Well established technology (PET) ¢ Radiation hard proven up to:
» Fast scintillation kinetics: - 5OkGy1XV'th y from GOCS source
- rise time ~100 ps - 3x 104 1MeV neq/cm

- decay time ~ 40 ns * High Light Yield: 40000 y/ MeV

| SiPMs

. Well established technology
 Compact and robust

* Insensitive to magnetic fields

 Fast recovery time <10 ns

* High dynamic range (109%)
« PDE@Lyso emission peak 20-40%

* Radiation hard proven up to:
- to 2 x 104 1MeV neg/cm?

Comprehensive study of LYSO:Ce crystals from 12 producers performed to identify '-'
potential BTL suppliers and set the QA/QC requirements for the production stage.

)

—
o
o1

- ~10% LO Loss - 1.5 x HL-LHC dose!

* Optical transmission, photoluminescence

* Light output (LO), decay time (7)

e LO/T (figure of merit timing)

* Light yield temperature coefficient

* Decay time temperature dependency (low T)
e vy radiation resistance

https://arxiv.org/abs/2205.14890 |

TENDER SUBMISSION BY THE END OF THE YEAR
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TENDER SUBMISSION: SPRING 2023
(optimized prototype testing on going)
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https://mmm.cern.ch/owa/redir.aspx?C=DapHsgLfwVhM4LakVqe91emyNDOtIq3ugW3o9wl2wxRRD8DnOFvaCA..&URL=https://arxiv.org/abs/2205.14890
https://mmm.cern.ch/owa/redir.aspx?C=DapHsgLfwVhM4LakVqe91emyNDOtIq3ugW3o9wl2wxRRD8DnOFvaCA..&URL=https://arxiv.org/abs/2205.14890

BTL unirradiated sensors: beam test results

120 GeV proton beam - FERMILAB (FTBF) Unirradiated sensors
SCiﬂti”&tOf‘ Silicon tracker Crystals+SiPMs MCP-PMT LYSO:Ce 3x3x57 mm’ - HPK $12572-015 3x3 mm®
for trigger - 03— mmm@™m—mrr——r———
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3x3x57 mm " (R I Pt 0.45L s -
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] O»M_I_M_L..l‘l T R T B R m I
by double sided readout -200 -100 0 100 200
: : t. /2 (ps
NB: Double ended readout also 20F E dlff/ (p ) o
enabling track position determination e T TR TR T be extrapolated to ~22 ps for 4.2 MeV (<Ep> Mip in
with res. O(mm) x (mm) BTL) and to ~30 ps when considering elec., clock, digi.

contribution to ot BTL performance BOO demonstrated!.

JINST PAPER: 10.1088/1748-0221/16/07/P07023
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https://iopscience.iop.org/article/10.1088/1748-0221/16/07/P07023
https://iopscience.iop.org/article/10.1088/1748-0221/16/07/P07023

BTL performance evolution |

I M 515408_2-1_dark-led 4008 vs V didVvsV dl/dVvsV dV/divsV d2/dV2vsV CsvsV  ImpedancevsV  Impedance vs Freq
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Dark Count Rate. Single SiPM’s cell firing EDETEI

due to thermally produced electrons. Dark RS |
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»" ,/;‘?L:"
P4y

count signal and signal from LYSO:ce e
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S15408_2-1_dark-led 40 ,

All Tools

+ Load File Remove

Radiation induced silicon defects increasing —— 2]
the DCR probability. Aka DCR growing with 7 A After 1x1014
integrated luminosity :

Vmin

1MeV neq/cm
Vmax 3985 3 e
0=, — » - ) 1 1 1 1 1 1 ' 0 ' ' ) i 1 1 ) ) [
X File =3 0 01 02 03 04 05 06 07 08 09 1 1 12 13 14 15 16 17 18 19
L , ' LRT]
Show Vb Report FAbs [JNegate [ JAbsv Vpos s Fixed ﬂn ») Vv 8 }5] v'
' Hide Overflow [] Normalize by ‘ iy ly.ee
B4 Offset by Vb Gnd 0 10 1 Show I(Vpos) : B Wy

After 1000 fb-1 main driver for:
+ Time jitter P opcr X VDCR/Npe

 Power consumption

To meet BTL target resolution EOO:

DCR< 35-55 GHz p ACTION NEEDED!
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BTL performance evolution li

DCR FEATURE ACTION GAIN

Increasing with Voy } Lowering Vov, optimizing S/N ratio } ~ factor 2 less DCR
Increasing with the temperature Further lowering SiPM’s T to -45°C ~f 5.3 DCR
~Xx 2 every 7-10°C using Thermoelectric coolers (TEC) } actor 2-3 less DC
increasing with radiation damage Annealing at room +40 °C during } ~ factor 2 less DCR

machine shutdown

Noise filtering with signal processing } ~ factor 2 lower opcr
technique DLED in TOFHIR

R ICHEP 2022 6

XLl e 19 07 2022 Precision Timing with the CMS MTD Barrel Timing Layer for HL-LHC

on High Energy Physics
ogna (Italy)




BTL performance evolution li

DCR FEATURE ACTION GAIN

Increasing with Voy } Lowering Vov, optimizing S/N ratio } ~ factor 2 less DCR

Increasing with the temperature
~X 2 every 7-10°C

Further lowering SiPM’s T to -45°C

~ f 2-3 | DCR
using Thermoelectric coolers (TEC) } actor 2-3 less DC

increasing with radiation damage Annealing at room +40 °C during } ~ factor 2 less DCR

machine shutdown

} Noise filtering with signal processing } ~ factor 2 lower opcr
technique DLED in TOFHIR

Irradiated to 2E14 (annealed 80 min 60C)

TEC power ©® SiPM power (V-VB =1.0V)
1600 500 MW for AT= 10 °C @ TEC power
° - Total Power (TEC + SiPM)
1400 -~ Tref corrected
1200 - Tref corrected

MITEHETE TR
ol R R

-51 -49 -47 -45 -43 -41 -39 -37 -35
SiPM package Temperature (°C)
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BTL performance evolution li

DCR FEATURE ACTION GAIN

Increasing with Voy } Lowering Vov, optimizing S/N ratio } ~ factor 2 less DCR
Increasing with the temperature Further lowering SiPM’s T to -45°C N i

~Xx 2 every 7-10°C ] using Thermoelectric coolers (TEC) } factor 2-3 less DCR
increasing with radiation damage / f§p Annealing at room +40 °C during } ~ factor 2 less DCR

machine shutdown

Noise filtering with signal processing } ~ factor 2 lower opcr
technique DLED in TOFHIR
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BTL performance evolution li

DCR FEATURE ACTION GAIN

Increasing with Voy } Lowering Vov, optimizing S/N ratio } ~ factor 2 less DCR

Increasing with the temperature
~X 2 every 7-10°C

Further lowering SiPM’s T to -45°C
using Thermoelectric coolers (TEC)

} ~ factor 2-3 less DCR

Annealing at room +40 °C during } ~ factor 2 less DCR

increasing with radiation damage
machine shutdown

Noise filtering with signal processing } ~ factor 2 lower opcr
technique DLED in TOFHIR

25 um cell size

2 440
g @ EOO
© 120
100
& ‘;..‘" *"/" 1
YIS A 60 :
s s /1000 hours :
i : ‘ 40 :
Hll5Bi’i!lsI_SHSUZ!HEEHM"l_l!l’l’{ 20 echane
11 -: - -= - -= B | -= i, s By e ' 80 mW/ch limit
0 0 0.2 04 0.6 0.8 1 = 14 1.6 1.8 2
Vov [V]
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Conclusions

e CMS Mip Timing Detector (MTD) for Time aware charged particle tracking to help pileup mitigation
during HL-LHC:
¢ Recovering detector performance close to phase | level. Gain in several searches of the HL-
LHC program.
e Adding new capabilities to CMS, e.g. reconstruction of the time of displaced vertices for direct
measurement of neutral LLPs mass.

e BTL target time resolution of 30 ps achieved during on beam characterization of unirradiated
sensor prototypes.

¢ Sensor optimization is in progress to meet the TDR target EOO resolution (<70ps). Performance
validation of optimised sensors expected in fall/beginning of next year

¢ |n parallel, system tests are ongoing to validate the full electronics readout chain and thermal
performance. Test of a fully populated readout unit successfully completed
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BTL READOUT ELECTRONICS

e [OFHIR (Time-of-fught, High Rate)

: TOFHIR board with 6 ASICs

: SiPM-to-FE connector
: Cooling bar with CO, pipes
: Cooling fins

1 .
2 : LYSO array with 16 LYSO bars, bars oriented in ¢ ASIC Ch|p-

3 : Concentrator card

4 : DCDC converter . .. . .

5 : CC-to-FE connector - D.ISCI'ImInatIOﬂ of the lgadlng edges
6 : IpGBT - Time measurement with a 1DC

7

8

9

6 ASICs are mounted on a front end
board

e 4 front-end boards plugged into a

Concentrator Card:
- Provide low voltage, bias voltage
- 3 lpGB s transfer data and control

signals

e [he ASICs, FE, CC, and associated
power supplies constitute the RU,
which supports /768 SiPMs



READOUT UNIT TESTS

Almost fully populated readout unit (24 LYSO:Ce arrays)
successfully tested.

* (Good noise uniformity for different FE board

* No evidence of a dependence of the noise from the
position on the Concentrator Card (CC)

* No evidence of a dependence of the noise term from the
degree of population of the CC

multiple LYSO+SiPM assembled modules inside copper
housings testing with UV laser on going

SiPM arrays




