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4 ™
ATLAS HGTD high luminosity upgrade

e LHC will be upgraded in 2024-2026 to High Luminosity LHC

® Instantaneous luminosity will be ~7.5-103% 25
e ~3.5 times the current ~2.2-10%*cm-2s-1 for LHC run-II

To maintain performance ATLAS will be upgraded (phase-II) for HL-LHC

® The pileup density is larger than the longitudinal resolution of ITK (new ATLAS
tracker) in the end-cap region (pseudo rapidity > 2.4)
® New end-cap timing pixel detector: High Granularity Timing Detector

* Main requirements for HGTD: time resolution of 30 ps per track

Pseudorapidity coverage 24 < || <40
Thickness in z 75 mm (+50 mm moderator)
Position of active layers in z 3435 mm < z < 3485 mm
qs Radial extension:

B e A Total 110 mm < R < 10.00 mm
. Active area 120mm < R < 640mm
Time resolution per track 30 ps

Number of hits per track:
24 < |yl <31 2
3.1 <|n <40 3
Pixel size 1.3 x 1.3 mm?
Number of channels 3.54M
Active area 6.3 m?
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HGTD sensors - LGADs

multiplication layer
° High electric field in the multiplication 1ayer
e Full sensor is 35um, 50um or 80um thick

LGADs have intrinsic modest internal gain (10-50)

° G= 9L6ap (collected charge of LGAD vs same size PiN)

QpiN
® Better signal to noise ratio, sharp rise edge

e Time resolution < 30 ps
e HGTD Working with several vendors of thin LGADs

e CNM (Spain), HPK (Japan), FBK (Italy), BNL (USA)

® Sensor are tested in the Lab with a B-source and at Test

Beams

® Evaluation of time resolution, gain, signal over noise
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* LGAD: silicon detector with a thin (<5pm) and highly doped (~10'® P++)

Normalized Average Pulses ( at -20C )

HPK 500 ECX20840

Time (ps)
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4 ™
Radiation damage on LGADs

n
* At HL-LHC the HGTD sensors will get a Z10° ';;L'A"s' 'ls'.mula't.;nbre[.lm.naryl .
total tluence of ~3.7E15 N_ q/ cm’? § | Fucasmisin
® LGAD performance deteriorate with E B | |
. . 9 % <_*+f * Rear layer
radlathn damage § %&/&ﬂﬁ;.. I N S I Front layer
® Reduced gain, worse time resolution E et
2 N%MM:* +¢+
® Most widely accepted radiation damage = | e,

) . T ] — i et +H ]
explanation for LGADs is acceptor | -
removal o T FoeTS Fovs Feev FoeT
® M. Ferrero et al. arXiv:1802.01745, G. Kramberger et al. JINST 10 (2015) P07006 20 30 40 50 60 70

R [em]
® Sensors need to be tested before and after S e s o Lo
. . 3 LT MUItlpllcatlon layer 4 HPK 50D Bulk (depth = 30 micron)
irradiation g ) me——
"g S * B : - 1;15 N/em3
® Tested cold (-30C) to reduce the current R R e
which increases after radiation damage : ond ) ‘* etz wems
g * B35 Bulk
® Jrradiation campaign was done at CERN ] X 835 Multiplication Layer
(proton) and |SI (neutrons)
1.E+11 18'0

Fluence [neq/ecm2]
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4 ™
Laboratory testing - Sr90 telescope

* For testing sensors are mounted on analog readout board
designed at UCSC (Ned Spencer, Max Wilder, Zach Galloway)
with fast amplifier (22 ohm input impedance, bw>1GHz)
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® Both 1channel and 4channel boards
* Dynamic laboratory testing with MiP electrons (Sr90 3-source)

* Signal shape, noise, collected charge, gain, time resolution

e However with this method the position information is not

available

Climatic
Chamber

* Test beam with telescope tracker
* Efficiency, gain and time resolution as a function of position

® TB with pion (CERN), proton (FNAL) and electron beam
(SLAC)

® For official HTGD test beam result at CERN check out
yesterday Lucia’s presentation:
° https: / /indico.cern.ch/event/ 731649/ contributions/3237215/

Metal  Source B-Source DUT  Trigger Sensor
Support  Shield  (*°Sr)
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https://indico.cern.ch/event/731649/contributions/3237215/
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SLAC End station A

SLAC end station A left its mark
on particle physics history

Researchers at SLAC observed for the first
time electrons scattering at wide angles
much more frequently than expected.

By the early 1970s, detailed analyses of the
distribution of the scattered electrons
measured in the giant magnetic
spectrometers in End Station A revealed
three scattering centers within the nucleon.

First experimental evidence that
quarks were 1n fact real.

Physicists Jerome Friedman, Henry Kendall,
and Richard Taylor received the Nobel Prize
for this discovery in 1990
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SLAC Beam setup

e Rate of the beam is constant 5Hz, it is

usually stable

® Electron bunches are really short (~ns)
® Beam intensity and shape can be

adjusted in ESA beamline

® Through the phone with the operator

* Important to stay in the good
configuration to maximize data taking

® Beam will change energy 9am/9pm
® Every time it needs to be retuned

* CALADIUM telescope is on the beam
line in the center of End Station A

® The entire setup is moveable
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Test beam setup

® Sensors are mounted on amplifier
boards on the center stage

® 6 slot alignment mounter with alignment
rods to keep boards into places

® Stage sits on the telescope frame and it is
moveable independently (x, y, rotation)
® For warm measurements the mounter
sits directly on the stage

® For cold measurements it’s inside a cold
box half filled with dry ice
® Dry air pumped inside the box

® Temperature/ humidity is monitored by a
sensor read remotely

® Can reach -30C but dry ice needs to be

replenished often
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Test beam setup

® Centered on the Caladium plane

e Sensors and SiPM are read out by a GHz LeCroy scope

® Scope is read out by a PC in the counting house with custom DAQ software
® (Caladium and LeCroy Scope are triggered by a 5Hz beam trigger
* HV is supplied by a CAEN remote controlled HV supply
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® Time reference is given by a SiPM mounted on one of the planes of the Caladium
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SLAC setup overview
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SLAC Test Beam sessions

® Test beam sessions:

* April 2018 (first attempt)

® May-June 2018 (Parasitic)

® October 2018 (short test session)
® December 2018

¢ |n the last December session new
Hamamatsu production for HGTD
was tested

e However analysis is still in progress

o Presenting some results for previous
sessions

° Mostly preliminary/ incomplete results
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Data reconstruction and matching

® Reconstruction and tracking of
Caladium data done with EUTelescope
(v01-19-02)

® Clustering, aligning and fitting

e Hot pixels are masked in the process
® LeCroy scope data analyzed with
custom software

* Starting from analog pulse coming from
the amplifier

Track Y hits

o Synchronization between Caladium rack X s
tracking data and scope data is done
with time matching

® Precise enough since the rate is low (5Hz) .

o Example tracking of an event with 2
electrons using 4 Caladium planes
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Time resolution

® Time resolution measured is the same seen
with b—scope measurements

* Looking at the coincidence hit of two
detectors with time resolution of CNM LG
(~35ps) and HPK II type D (~15ps)

* Total time resolution (squared sum) ~36ps

e Sensors are aligned thanks to the mounter

® Time resolution of beam trigger
® ~40-50 ps
* Sub-optimal for precision studies on LGADs
® Probed with a sensors with precise timing

° Looking at ToA 200 mV on beam trigger

* For timing reference the SiPM will be used
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Pulse area for multiple hits

® Pulse area of sensor for: 1 e-, 2 e-, 3e-
® At 4e- the amplifier saturates

HPK type D Pulse Area

sk MPV 8.1E-12
<o 180—
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Hits vs position

® Beam is the halo of events
* Entirely in the Caladium plane, covering all of the sensors
* 3 pads of the array are clearly seen

e Rate ~2000 good hits per pad for a 1h run

Graph

Y [mm]
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Y position [mm]

First look at inter pad distance
(with low statistic)
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Conclusions

® Successful test beam “trials” conducted at SLAC for HGTD
during 2018

® Sensors were tested with more statistic during the December
2018 test beam to produce real results

e However analysis is still in process

e SLLAC beam is now closed for 1.5 years

® No test beams are foreseen in the near future

Garias @

EXPERIMENT
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Backup
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4 ™
Sensor testing - Sr90 telescope
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® Dynamic laboratory testing
* Using MiP electrons Sr90 3-source

o Sessssensnannn

* Signal shape, noise, collected charge, gain, time resolution

e B-telescope
® Sensors mounted on analog readout board
desi gned at U CSC ned spencer, Max Wilder, Zach Galloway) With
fast amplifier (22 ohm input impedance,

LGAD  LGAD or Sif / Chamber Alli:grgl:‘:nt
N\ bandwidth > 1GHz)
S e .
~ Trigger sensor (fast timing trigger) on the back
I) l@m DUT (Device Under Test) is read in coincidence
} ol ® Setup in climate chamber to run cold and dry
\x. n 20C/-20C/-30C

m

Climatic

® (no position information)

Metal  Source B-Source DUT  Trigger Sensor

Support  Shield  (%°Sr)
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https://doi.org/10.1016/j.nima.2018.11.121

e Radiation damage for LGADs can be
parameterized

© Ny(®) = geprd + Na(p=0)e ¢
® Initial acceptor removal mechanism:

Ny (p=0)e ¢

Ionizing radiation produces interstitial Si atoms

Interstitials inactivate the doping elements (Boron)
via kick-out reactions that produce ion-acceptor
complexes

Reduction of gain

Parameter ¢ depends on initial doping

® Acceptor creation: g, f f¢

By creation of deep traps

Dr. Simone M. Mazza on behalf of the ATLAS Liquid Argon

Calorimeter Group

Acceptor density [1/cm3]
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Radiation damage on LGADs

e The Widely accepted explanation is acceptor
removal

Multiplication layer

® HPK 50D Multiplication Layer

4+ HPK 50D Bulk (depth = 30 micron)

_....‘i ........... ;____ !.: = 1.5e16 N/ecm3
N - 1e15 Nfecm3
................ - *\ - 114 Nfcm3
' —4e12 Nfcm3

* K e3sBUk

% B35 Multiplication Layer

Y. Zhao et al. 10.1016/j.nima.2018.08.040
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LGADs timing resolution

Sensor time resolution main terms

2 2 2 2 2
timing — Ttime walk + O Landau noise + T Jitter + ITpC

a
Edge
Threshold
Discriminator

¢ Time walk:

Time »

<> Time given by the ® Minimized by using for time reference the %
Time Walk CFD 50%. no time . . . .
walk CFD (constant fraction discriminator)
instead of time over threshold
Noise ontop  / ¢ Landau term:
of the signal. - .
= * Reduced for thinner sensors (50,35 pum)
/oAt v . T
| " ® Proportional to 1 /dV
Noise T,ise dt P
T Jitter = o] -
dV/at[CFD%| ~ SNR e Reduced by increasing S/N ratio with gain
Dr. Simone M. Mazza on behalf of the ATLAS Liquid Argon
K Calorimeter Group 10/12/2018 /
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