CERN Ac

10 May 2017




Fast Timing for Collider Detectors - CERN Academic Training Program




150

}

Counts/ch

Counter Rj
£ 1 ch=0.16 ns.

AT~350ps

2le 2 360 316 : T in channels

25

-t n
wm o

Events / ch.
)

25

20

-y
(4]

Events / ch.

1 channel = 0.25 ns.

-

(a)

1 channel = 0.25 ns.

B (b)

-
o
1

t4-to “ch. number

o>ty

20 -10 O 10 20

ty-t2 “ch. number

Fast Timing for Collider Detectors - CERN Academic Training Program

rays with

timing

resolution




State-of-the-Art Time-of-Flight

A 03/07/2012 T
Pb-Pb ys,,,=2.76 TeV -

iop =80.0+ 0.2 ps
A=128 +1ps

® Time-of-flight 6,~80ps Particle Identification System (semi-relativitistic particles) with
a time reference (t0) forward detector that uses a high multiplicity of tracks
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Zous T 14.6cm
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Timing from the Machine

RF_Rx  RF_Tx

TTC backbone e Signals received per beam:

RF_Rx anou “ Ry
TTC off- detector’RFZTTC e ® Frev a..k.a.. Ol’blt 11 kHZ

- % e Bunch clock: 40.079 MHz
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Luminal Region at the LHC and HL-LHC
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Circular Colliders and Detector Timing Measurements

® Bunch Trains at LEP (1995)

® Four bunch trains of up to 4 bunchlets each (spacing
247 .5ns, 87\;)

® Phase lock for synchronous BGO calorimeter
readout gate (5us)

* Offline analysis tagged which bunchlet within a
train the signal event originated from (and
corrected for signal integration)
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* e'e is forgiving — less than 1 event per crossing
and very loose trigger (triggered on and counted
single photons above 1 GeV to cross-check number
of neutrino families from ISR)

General truism: Experimentalists will do everything they can to
accommodate higher luminosity operation of the collider
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CMS simulation

Signal Vertex Efficiency
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Longitudinal view

Timingll Timing laye

Fast Timing for Collider Detectors - CERN Academic Training Program



| 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



3D vs. 4D Vertex Reconstruction

Simulated Vertices

3D Reconstructed Vertices EXAMPLES OF
—&—— 4D Reconstruction Vertices MERGED VERTICES IN 3D

——— 4D Tracks
“C Pile-up = 50
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» 4D reconstruction with track time information at ~25
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Signal Vertex Track Purity
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Pile-up = 200

CMS Simulation
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Track Fast Timing Hits
recorded in low occupancy
region before reaching

calorimeter

Cluster association with track aided

by EM core timing (when available)
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Time Development of Energy Deposition in Hadronic Showers

A. Para (CALOR 2016)

cell local time of first hit (ns)
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At nsec scale the timing is dominated by geometry (time of flight) even for hadronic showers.

‘Local’ time = T —z/c
Dual-Gate Calorimeter (TOF within hadronic
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Missing Transverse Energy Resolution vs. Vertex Density

CMS Simulation
Preliminary

—#—— 50mm Flat Met 200PU
—#— 33mm Gaus Met 200PL

50mm Flat Met 140PU

1.5 2 2.5
vertex density (events/mm)
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calorimeters will benefit track-cluster association and provide neutral
EM timing
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atical or

ening is straight-forward and

known signals avaluate fc ency with Monte Carlo and existing data are

evaluated to extrapolate the rates for higher luminosities
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Silicon Devices with no gain

Run 3365 Spill 3 Event 789
—— 211.5 um Pad 1 59.47 MIP
—— 211.5 um Pad 2 70.93 MIP

ADC counts

Averaged
Pulses

5
t-t,. [NS]

Two sensors of the same type tested at the same time:
133,211 and 285 um depletion thickness (capacitance 22.5, 13.6, and 9.9 pf)

n-on-p FZ-dd sensorswith 5x5 mm? sensitive area from Hamamatsu

ClVldec broadband amplif er (2 GHz, 40 dB)
1 ADCcount = 0.25 mV
Noise level ~ 2 mV
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Noise was modeled by a Gaussian centered at zero
Events selection required signalsfrom MCP and the back sensor
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Timing Resolution depends on amplitude of signal
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Silicon device timing

e 50 GeV 4 X,

e 50 GeV 4 X,

ot )= s ®C

A ®@C 2eX

G(tmean-t'ef) = 2o
——— Si 133 pm: A=1.08+0.02,C=0.020+0.001
——— Si 211 um: A=1.03+0.02,C=0.020+0.001

—+—— Si 285 pm: A=1.09+0.02,C=0.021+0.001 __.

——— Si 133 um: A=0.75+0.01,C=0.020+0.001
——— Si 211 um: A=0.38+0.01,C=0.019+0.001
—&—— Si285 um: A=0.33+0.01,C=0.021+0.001 __.
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Fast Component of Showers

* 50 GeV electron - 50 GeV electrons

- 50 GeV pions « B0 GeV piOHS

- 50 GeV protons - 50 GeV protons

0.3 0.4 05
calorimeter global time (ns)

cell local time (ns)

After the time-of-flight correction the core of the shower develops at the time scales of
tens of picoseconds. Even for hadronic showers.

Fast Timing for Collider Detectors - CERN Academic Training Program

26



Fast Component of Showers

50 GeV electrons TE + 50 GeV electrons
50 GeV pions 3 - 50 GeV pions

50 GeV protons - 50 GeV protons

5 ) . 0.3 0.4 0.5

calorimeter global time (ns) cell local time (ns)

About 80% (on average) of the energy of hadronic showers is deposited within 0.5 ns)
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