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Clock distribution
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Clock source distributed around the ring with ~6ps jitter (may increase to ~10ps)
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TORCH: Time Of internally Reflected CHerenkov light

Locator |

on

Goal: ~15ps/track

Detector window

with ~30 photons/track Phetocatase ~10-25 um pores

and ~70ps per single photon Microchannel pwate””””
~70ps/ \/N 9 ~1 5p$ Microchannelplate“‘--_;._; = “‘

Charge

K-Trseparation (N,)

10
Momentum (GeV/c)
Fast Timing for Collider Detectors - CERN Academic Training Program

avalanche | | l. | Not to Sca.le

Anode




| T T T T T T 1
Om im 2m 3m 4m 5m 6m 7m

Muon Spectrometer
Drift Tubes and Resistive Plate Chambers

Hadronic
Calorimeter . +pa Tail Catcher
) Hadron Calorimeter
Electromagnetic
Calorimeter

Silicon Tracker Photon

Pixel Vertex .= % 13

-

Detector 3‘3\\\ ' UL

_Muon

| W;-“x,.\ Charged
ol N Ha@lron

Fast Timing for Collider Detectors - CERN Academic Training Program



Barrel Timing Layer (BTL)
LYSO crystals + SiPM Readout

Endcap Timing Layer (ETL)
Silicon sensors w/gain

I
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Neutron Fluence Barrel Timing Layer (BTL)
LYSO crystals + SiPM Readout
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Barrel Timing Layer Module — Redesign from TOFPET




Tiling Crystals and Projective Cracks
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Pick and place wrapped tiles on SiPM board

with a robot
72 tiles / 2.5 hours in AHCAL pre-production,

can be accelerated significantly
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Sensor Modules Construction
a la Milanaise

Mount crystals on alveola-like
support structure

Mount crystal /alveola

structure on SiPM mother
board
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Building Barrel Timing Layer into Track Support Tube

® Use thermal properties of carbon fiber tube with NoMex honeycomb
filler to provide thermal screen (-35C inside = 20C outside) with active
heating on the outer surface =2 run SiPMs at -35C

New Tracker Support Tube

Crystal tiles optically
coupled to packaged

SiPMs
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BTL Construction

1 tray, 2 half trays

36 trays in ¢, 72 half trays :

®* Number of crystals per module: 64

56 Modules per half tray (total 4032)

®* Half-Tray length: 2604 mm (56x46.5 mm)

®* Half-Tray width: 184.5 mm

* 1 Chip per module, 4 modules per link, 2 fibers per

258048 channels in BTL

FE Modules

®* Modules are the unit size for production of boards including crystal
mounting.

* Half trays to be assembled from modules and inserted into TST.

® Total crystal weight ~11.2 kg per half tray.

~806 kg crystal weight of BTL
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Dark Current [A]

Dark Count Rate (DCR) drops with Temperature
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end-of-life DCR extrapolation for 2e14 n/cm?

— HPK 15 pm SiPM

— FBK 12.5 um SiPM
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http://iopscience.iop.org/article/10.1088/1748-0221/6/01/C01091/pdf
http://iopscience.iop.org/article/10.1088/1748-0221/6/01/C01091/pdf
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Silicon sensor with gain

* Nominal geometry: 4.8 x 9.6 cm? modules with 1x3 mm? sensors Eta Fluence Time resolution
[10'4 n.,/cm?]

* 16 ASICs bump-bonded to sensors
® 3:1 ganging in the TDC at small n (3x3 mm? granularity)

®* Readout ASIC in development

* Single sensor shown to have 0, <50 ps up to 10'° neq/cm?
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LGAD: Strong collaboration across experiments

x3 TOTEM
- x4 CMS CT-PPS

CNM production

FBK production [i1111 ATLAS High Granularity Timing Det.

E———
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Endcap Timing Layer
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Decoupling of sensor size (PAD) and readout unit (TDC)

> ﬁ;
> b several pads #” one

read-out unit

> b # One TDC
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Countering the Anti-luminosity effect

——————————— E;MSS spectrum

CMS Phase-ll Smulation

» CMS Upgrade Scope document:
» [CERN-LHCC-2015-19, LHCC-G-165]

» VBF HATT requires 40% more
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Muon and Tau Lepton Charged-Partcle Isolation Efficiencies

CMS Preliminary Phase 2 Simulation 13 TeV
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® Acceptance gain in searches and precision measurements
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Higgs 2 uu & Higgs =2 ZZ-> 4l

Improvement in Higgs yield with Timing
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Improvement in Efficiency (%)

Fraction of Events

Higgs— ZZ— 41 ( 200 Pileup Distribution )

Barrel Timing Only

Barrel+Endcap Timing

N
o

(&)
o

N
@)

J

-
o

(@]
O
oL
01_
ol

Higgs— ZZ— 4l ( 200 Pileup Distribution )

No Timing
Barrel Timing Only
Barrel+Endcap Timing

Increase in Higgs— ZZ— 4l Yield
Barrel Timing Only : 47%
Barrel+Endcap Timing : 62%

f_\)IIIII\\\\‘\\\\‘\\\\|IIII|IIII|IIII|I\\\

-2




Missing Transverse Energy

CMS Simulation —&—trkEy¢
Preliminary —e— timing trkEj
—*— puppE¢
timing pup_plg-"

Normalized/GeV

J— _:._'_,-Q._t-k___ Y —
A puppi

5
(

density (events/mm)

® MET Resolution study using Z=2 Ul events

®* PUPPI with track time information [ photon timing not yet included ]

®* MET spectrum: tails reduced by a factor ~2
* Offset [ almost entirely ] the performance degradation at 200 PU
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H->VY at HL-LHC

® Calorimeter timing-based triangulation matched to vertex time information
® Resolve ambiguities of calorimeter timing-based triangulation

* Simple X? matching: 5X reduction in ‘effective pileup’

* H->yYy at HL-LHC: substantial failure of kinematic vertex identification:
|) < 30% at 200 PU (~ 80% in Run )
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Pile-up Jet Suppression

— with Timing p,> 30 GeV

— without Timing

— with Timing p.> 30 GeV

— without Timing
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® Rate suppression from jet cleaning from pileup
with timing

* Key signature for jet tagging

® Efficiency for signal jets unaffected

® Current baseline: |n| <3 coverage
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Secondary Vertex Reconstruction

Signal vertex B vertex

,,,_,—.-:—""'/_—
w

PU vertex

Signal vertex B vertex

PU vertex
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Time-of-Flight Particle Identification (/K up to 2-3 GeV)
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ATLAS HGTD proposed location

FEL CETIAED DRSS OF THT L EMUELTRE —,
LS00

Common dimensions:

* Insulation Smm

* Carbon fibre Imm

¢ Cooling 3mm
SiSensor 0.15mm
PCB+Electronics(Air)=2.7mm _ _. ; L e I
Tolerances 1mm : - N T g e e Y

RdT 0 Fa DkE

Ratios :  Space:
x 10:1 * 1mm between absorber (including cooling) and HV kapton
v i * 1Tmm between lavers

st [ o [ oo EC HGTD Detector/ Z=3485mm,
" Rin = 98mm, Rout = ~960mm

. o/ ID PPF1 —, P
Timing detector: 2= e [ vy M aon N

e — S|
* 4 Si sensor leyers y

Si-Sensor : Glue : PCB: Chip height :
0.15mm 0.2mm 1.5mm 1.2mm

Fast Timing for Collider Detectors - CERN Academic Training Program 32



HGTD cell occupancy

Nothing is optimized yet

R=800mm, n=2.18

Detector area R < 650 mm -
Maximum size R = 800 mm
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|:| With 1- 1 mm?2 cell for R < 285 mm

. With 3- 3 mm?2 cell for R > 285 mm

Radius [mm]

Occupancy plot for various cell sizes as a
function of increasing (decreasing) radius (|[])
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LO timing trigger for mitigation of pile-up Jets based on:
- Identification of cluster of track hits, from the same jet, with time

coincidence within a bunch period

- Generation of LO level trigger (40MHz) containing LO Time object, to be

combined with LO Calo for a global trigger decision.
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Timing of jet core

VBF h{125 GeV)—~inv. (5=13 TeV, =200 VBF h{125 GeV)—inv. ¥3=13 TeV, §=200
ATLAS Simulation internal

HGTD-Si — signal jet, 1=200
All layers — signal jet, u=0

o, = 30 ps
AR<0.2

ATLAS Simulation internal
HGTD-Si — signal jet, p=200

All layers — signal jet, p=0

o, = 30 ps
AR<04

# of hits / 30 ps

500 1000 000" "B00 0 500 1000
t'texp [DS] t'taxp [pS]
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# of hits / 30 ps

VEBF h{125 GeV)—inv. {5=13 TeV, u=200
ATLAS Simulation internal
HGTD-Si — signal jet, p=200

o, = 30 ps
AR=01
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In-time fraction of cells within a jet

« Count number of 1n-time cells associated to each jet

— cells with deltaR<0.05 to nearest cluster 1n jet

— signal window = 1 oy

Sample with ~2k signal jets
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* signal jet

0.4 0.6
fraction of cells in-time
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INSTALLATION CLEARANCE 10 mm BETWEEN
BARREL SERVICES AND TEDD/TEDD SERVICES
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BTL Readout ASIC

o TOFPET2 chip seems to meet basic needs for BTL with minor changes needed to
match expected SiPM gain and to reduce deadtime through time multiplexing

- Timewalk correction is critical for TOFPET?2, in particular timewalk correction for
multiple hits needs to be understood.

- TOFPET2 plans for submissions requires attention (see comments on schedule)

Architecture based on TOFPET1
64 channel ASIC (CMOS 110 nm)
oo timing and energy branch per channel
dynamic range: configurable 150 to 1500 pC
timing branch: amplifier, discriminators and TDC

energy branch: amplifier, charge integrator and ADC

INTEGRATOR
DISCRIMINATOR
ToC
ADC

time-over-threshold available

PRE-AMPLIFIER
POST-AMPURER
CHANNEL CONTROLLER
GLOBAL CONTROLLER

4-fold TAC per channel (de-randomization)
TDC binning 40 and 20 ps

energy measurement: 8 bit, noise ~1 LSB

GLOBAL BIAS

max rate per channel 0.6 M hits/s, limited by output links (3.2 Gb/s)

power consumption ~5-8 mW/channel

Total power budget for BTL in the range between 12 kW and 18 kW
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HGTD Electronics

Time Walk Correction (HGTD-Si):

* TimeOverThreshold (TOT)

* ConstantFractionDiscriminator (CFD)
* <10-20ps from electronicgimulaﬁon

Vihwm b Arming/TOT discriminator '
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Fero crossing discrinmimator

Electronics:
130nm TSMC
S0mW/cm?
Cd= 2pF or 20pF
Bump bonding or glueing
ASIC foreseen in 2017

Sensors:
TaC * Short risetime: S00ps
S et il * Large S/NandS
TOT wrigger a1 * Study in testbeam

““ Sreer Il e Dedicated electronics
{ FD_irigeer n—|_|_
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Equalized effective LYSO thickness

<0.6 3.75 1-19 250

0.6 - 3.0 20-35 200

1.1

>1.1 2.3 36-56 153
crystal weight per tray ~11.2 kg

Pseudorapidity
0.8 1 1.2

Constant thickness: 3 mm
Equalised thickness

Slant thickness / x
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Slant thickness (mm)
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Impact of Out-Of-Time (OOT) Pile-up and backscatter from ECAL

At <nPU>=200, probability to have total energy from PU in a cell above 0.1 keV is small
(13.3% at eta=0 and 22.8% at eta=1.5)

Most of the cells are unaffected by “in-time” PU at <nPU>=200 and have zero time jitter
For typical discrimination thresholds of 20-200 phe contribution to time resolution <8ps

threshold fraction 0.02
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