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Towards HL—LHC
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B Major challenge wrt LHC: iuminosity JENVR R

* X 3~4 instantaneous luminosity — up to X 5 pileup interactions

X 10 integrated luminosity — radiation damage of detector components O‘]



Pileup Impact @HL—LHC
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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 > 1mm-1) reduced
efficiency of tracks-vertex association.

RUN II: 40-60 interactions per bunch crossing

B 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
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 > 1mm-1) reduced

efficiency of tracks-vertex association.

B Misidentification, degradation of reconstruction efficiency and energy resolution
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CMS strategy for PU mitigation
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Vertices merged in space can
be disentangled in time !
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B Exploiting the interaction vertices distribution
along the beam (4.5cm RMYS) corresponding to
180-200ps RMS in the time domain

Time tagging charged particles (Mips) with time
resolution ~ 30-40ps corresponding to slicing the
beam spot in consecutive time exposures of the same

duration

» Restoring PU levels close to RUN 2 scenario with

40-60 collisions/frame
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MTD —— MIP Timing Detector

BTL: LYSO bars + SiPM readout:
« TK/ECAL interface: |n| < 1.45
* |nner radius: 1148 mm (40 mm thick)
Length: £2.6 m along z
Surface ~38 m?; 332k channels
TOFHIR ASIC Fluence at4 ab': 2x10™ n.{cm’

BTL thickness B
38mm

3 —

cold plate LYSO:Ce crystal CO;coolingloop  SiPM

2 trays inz

BTL Module:

1x16 crystals
(32 channels)

Crystal bar

: AR Type | t(mm) | |Etal
BTL detector \ 6 Read-out units 3.75 | 0-0.7

(4608 channels) 1
72 trays: 2{2) x 36(9) 2 3 0.7-1.1
332k channels 3 2.4 1.1 -1.5
=5

L=56.2 mm. w=3.12 mm
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BTL sensors: LYSO (Ce) crystals & SiPMs . It D

LYSO: Ce crystals SiPMs
*  Well established technology (PET) * Well established technology
» Fast scintillation kinetics: * Compact and robust
- rise time ~100ps * Insensitive to magnetic fields
- decay time ~40ns * Fast recovery time < 10ns
e Radiation hard proven up to: * High dynamic range (10)
- 50kGy with photon from %°Co source * PDE@Lyso emission peak 20% ~ 40%
-3X 104 IMeV neqg/cm * Radiation hard proven up to: 2 X 1014
e High Light Yeild: 40000 photons/MeV IMeV neq/cm

77 "H AR Few FBK, 20 um thin glass enc HPK, 300 pm silicon resin enc.

Lo >
g -

;_--: ._:_=—" =t
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Goals of the test beam

B Measurement of LY SO arrays, irradiated * Test irradiated S1IPMs (HPK) with TECs:
and non-irradiated SiPMs using » 0, lel4, 2e14 irradiated fluence

TOFHIRZB « Temperature: +10°C, -33°C

* Configuration:
LYSO arrays + SiPMs & TECs

e Beam:

\ 4

» Pions wide beam(~70% pions, ~15% protons,

» TOFHIR2B ~5% electrons and ~10% others)
» pT =180GeV, rate ~ 106 per spill
LYSO arrays
MCP
Scintillator I I .
+ wire chambers Plastic Scintillator

used for trigger

» Setup in CERN 07



Test beam analysis

B TOFHIR2B energy linearization and relative LO comparisons

* Energy linearization:

Plot the “expected energy” vs. the measured MIP Landau MPV in ADC, as measured by the TOFHIR2B at
+10°C, -33°C temperature

* Reconstructed energy for relative LO comparisons results for irradiated modules at
the Jun22 TB:

The ratio of “linearized energy” for irradiated modules (1E14 and 2E14) and HPK 528 (non irr), chosen as
reference
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Energy linearization

B Plot the “expected energy” vs. the measured MIP Landau MPV in ADC, as measured by the TOFHIR2B

" 10° Ebar 10R
B two sets of comparisons: s | — GEEE
* vary Ey, — different angles (0, 30, 45, 52deg) 10° £ — g W:
. atVov=15V 3 o
10° 3

e atVov=3.5V
* vary G X PDE — different Vov (1.5, 2.0, 2.5, 3.0, 3.5V)
* atangle = 52deg
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Energy linearization

vary B4, — different angles = (0, 30, 45, 52deg)

e atVov=1.5V, T=10TC

CONF13.00 angle/deg

Run5280 1.5 0
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Run35277 1.5 45
Run5273 1.5 52
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entries

Vov=1.5V, angle=0, 30, 45, b52deg

* Use landau function to fit the energy deposition measured by TOFHIR2B
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Energy linearization

vary B4, — different angles = (0, 30, 45, 52deg)
e atVov=3.5V, T=10C

bar 10 R
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entries

Vov=3.bV, angle=0, 30, 45, 52deg

* Use landau function to fit the energy deposition measured by TOFHIR2B
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Energy linearization

* vary G X PDE — different Vov between 1.5V and 3.5V
« atangle=>52deg, T=-33C

10° hbar10R

entries

Voy = 1.50 V, angle = 52 deg
Voy =2.00 V, angle = 52 deg
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Angle=b52deg, Vov=1.5, 2V
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entries

Angle=b52deg, Vov=2.5, 3V, 3.5V
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Energy linearization

B Plot the “expected energy” vs. the measured MIP Landau MPV 1n ADC, as
measured by the TOFHIR2B sar 10

* energy [ADC] (x-axis):
MIP peak obtained by Landau fitting

N
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* “expected energy” (y-axis):
Egep [MeV] X G X PDE X ECF
X ksaturation / Norm

—_—
(§)
] | T I 1

E,,.y X G x PDE x ECF x k_, / [G x PDE x ECF]

! P
Egep = 0.86 MeV/mm * 3 mm / cos(angle) 10 2 g
G = sipm Gain : s
PDE = photon detection efficiency ’ _ J e
ECF = excess charge factor B ,f:".
Kuanration = Npivets X [1 = Xp(-Npe Nyiets) 1/ Ny (with T TR S P TR N
Npixels = 40000) 0 100 200 300 400 500 600 700 _ 800

1 7 energy [ADC]



Relative deviation

B Plot the “expected energy” vs. the measured MIP Landau MPV 1n ADC, as
measured by the TOFHIR2B
=20
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. . o 16 &
fitted 1nto the same line = | s
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Relative deviation

B Plot the “expected energy” vs. the measured MIP Landau MPV 1n ADC, as
measured by the TOFHIR2B

» The ratio of the energy[ADC] at

different angles to the energy at ¢ 10 c05 2200
52 degrees is expected to be Sos Zoaf
T T [
cos(52deg)/cos(angle) 9 g0}
§ 502;—
» Deviation ~ 10% _ otk
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Irradiated module relative LO

B Here showing the ratio of “linearized energy” for 1irradiated modules and HPK 528
(non irr), chosen as reference

* LO/ Loref - PDE/ P]DEHPK non irr X G/ GHPK non irr

» LCE: Light Collection Efficiency 0.7 _o,"‘,
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Irradiated module relative LO

B Here showing the ratio of “linearized energy” for irradiated modules and HPK 528

(non 1rr), chosen as reference

« HPK2E14: Vov =(1.40, 1.60, 2.00)V

. HPKIEL4: Vov = (1.40, 1.60, 1.80, 2000 07|+ o i
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Irradiated module relative LO

B Here showing the ratio of “linearized energy” for irradiated modules and HPK 528
(non 1irr), chosen as reference

. HPK2E14: expected LO/LO.., = 0.70 So9 ..................... .......... g ___________________ — ,,,,,,,,,,,,,,,,,,,,
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HPK2E14 T-35C: except 11L 2R o . —
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0 2 4 6 8 10 12 14 16

bar ID
2 2 NB. missing points correspond to TOFHIR channels in which the
MIP peak was not visible




Irradiated module relative LO
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Summary

24

Performed test beam analysis to study the energy response of
MTD BTL sensor modules with the data taken from June

Found good linearization of the energy digitized by TOFHIR2B
ASIC

Observed radiation effects rougly consistent with expectations

Futher studies are undergoing for more conditions and
configurations

<]



Thanks for your attention!
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Energy linearization

vary B4, — different angles = (0, 30, 45, 52deg)

+ atVov=15V,T=10TC  g0o° (2108
L:- E — Vguy=1.50V, angle = 0 deg
* delayE=0bO1111111 S Vo = 1.50 V, angle = 30 deg
104 3 ——— Vg = 1.50 V, angle = 45 deg
- ~———— Vg = 1.50 V, angle = 52 deg
CONF13.00 angle/deg i [
Run5280 1.5 0 :
Run5278 1.5 30
Run5277 1.5 45
Run5273 1.5 52
il [ ST T
0 200 400 600 800 1000

energy [ADC]



entries

Vov=1.5V, angle=0, 30, 45, b52deg

* Use landau function to fit the energy deposition measured by TOFHIR2B

%2/ ndf
p0

102}

105

p1

bar 10R p2

Vov =150V, th. = 10 DAQ
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600 800
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1000
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1000
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Energy linearization

vary B4, — different angles = (0, 30, 45, 52deg)

e atVov=3.5V, T=10C
 delayE=0bOl1111111

CONF13.00 angle/deg

Run5281 3.5 0
Run5279 3.5 30
Run5276 3.5 45
Run5271 3.5 52

entries

10*

10°

102

bar 10 R

10° g

1I
|| HI
200

'|1| 1 h\ﬁlm'

— Vgy =350V, angle = 0 deg
Voy = 3.50 V, angle = 30 deg

— Vv =350V, angle = 45 deg

T Vgy=3.50V, angle = 52 deg
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400 600 800 1000
energy [ADC]




Energy linearization

* vary G X PDE — different Vov between 1.5V and 3.5V

bar 10 R

* atangle =52deg, T=-33'C g0
e delayE =0b01111111 ’

entrie

Voy = 1.50 V, angle = 52 deg
Vov =2.00 V, angle = 52 deg

1 04 = VQ‘V = 2.50 V, angle = 52 deg
E ———— Vgy =3.00 V, angle = 52 deg
Voy =3.50 V, angle = 52 deg

CONF13.01 angle/deg |
10°

Run5281 1.5 52 :
Run5279 2.0 52 .8 _ﬂ
Run5276 25 52 |
Run5271 3.0 52 10 E—"':ZF'L
Run5293 3.5 52

0 200 400 600 800 | 1000
energy [ADC]



entries

Abnormal points in LO

e bar 06L in 1E14

%2/ nd
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= p1
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Al L 4 s s s

.. | L,
200 400 600 800 10(
energy [a.u.]

0

200

bar 06L
Voy=160V,th.=9

400 600 800
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It doesn't seem to be a fitting problem
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Abnormal points in LO
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It doesn't seem to be a fitting problem
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Invisible MIP peak——1E14
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iInvisible MIP peak——Ilinearization
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iInvisible MIP peak——Ilinearization
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iInvisible MIP peak——Ilinearization
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