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Standard Model

Standard Model of Elementary Particles

R — ® Higgs couplings to massive particles
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Beyond the standard model

Interactions

@ Electromagnetism (y) ® Dark matter
® Weak interaction (W, Z bosons) ® Mass Hierarchy problem

@ Strong interaction (gluons) @ Gravitation

oGravitation = BSM models: SUSY, gravitons...
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/ \ CERN accelerator, current world largest particle

ALICE 3 Ln(b

accelerator:

Tk
N\ HiRadMat

@ proton-proton collisions at (now) /s = 13 TeV,
target luminosity: 300 fb-1

® LHC experiments: ATLAS & CMS (general
purpose experiments), LHCb (b physics), ALICE

T T T T T T T T T (strong interaction)
ATLAS Online Luminosity
e 2011 PP (8= 7 TeV
— 2012pp (s=8TeV
e 2015 pp (S =13TeV
— 2016 pp (=13 TeV
— 2017 pp s =13TeV
w— 2018 pp 15 =13 TeV

~J
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® ATLAS experiment recorded luminosity:

BN
o

» Run1 (/s =7 and 8 TeV): 30 fb""
accumulated

W
o
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Delivered Luminosity [fb™]
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» Run2 (s = 13 TeV): 136 fb"! accumulated
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Physics results - State of the art

N N e
@ Higgs discovery in 5 channels . -
@ Higgs mass and couplings =
characterization (recently b and t)
1 i ' .
® Electroweak measurements _1 "
@ Cross section measurements O e LI
?::‘:g,‘:;?lfrgg?r'yb_, —e—q Total Stat. B Syst
® top mass and couplings measurement : Kol OmiiOone
LHC Run 1 H— 125.09 = 0.24 ( = 0.21 2 0.11) GeV
—.|.~. ...... . ...........
@ BSM SearCheS H 22" 4] EI 2488 =037 (= 0.37 = 0.05) GeV
H =) =1 125.11 2 0.42 ( = 0.21 = 0.36) GeV
Combined o—é—l 124.98 = 0.28 ( = 0.19 = 0.21) GeV

A 1 A A A A l A A A A L A A A A 1 A A A A 1 . A A A 1 A
124 1245 125 125.5 126 126.5
m,, [GeV

Next:
@ Higgs couplings to second generation family

Good b-tagging and
tracking (hence

e Higgs self couplings
good sensors) are

e Higgs boson in BSM physics ?
fundamental
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ATLAS detector

25m
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Tile calorimeters

LAr hadronic end-cap and
\ forward calorimeters

Pixel detector

LAr electromagnetic calorimeters

Muon chambers Solenoid magnet | Transition radiation fracker

Semiconductor tracker

® Inner detector: measurement of tracks & vertices reconstruction

® Electromagnetic calorimeter: reconstruction of electrons and
photons energy

@ Hadronic calorimeter: measures hadrons energy

® Muon spectrometer: records muon trajectories

Cylindrical geometry,
~4 1 angular coverage

v n = —In(tan(0/2))
pr =p sin(6)

40 MHz

Level 1 - input
from Calo and MS

100 kHz

HLT - selection of
interesting events
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@ ITracks and vertices reconstruction (- R=1082mm
Momentum resolution:
olpr) —4
38X 107 !pr (GeV)@0.015. TRT<
TRT & SCT
® TI:'(T: proportional drift tubes, up to 36 w
points/track. f R=514mm
® SCT: silicon micro-strips detector scT < SISy
R=371mm
L R =299mm

Pixels

1 R=122.5mm !
Closest detector to the beam pipe, spom. | pewimmae F
R =50.5mm —
composed of a barrel and two end caps: A

o 4 pixel barrel layers (IBL, BLayer, L1 & L2), IBL inserted in 2015 to allow a better
reconstruction of b-objects

@ IBL cell size 50 pm x 250 pm ; BLayer/L1/L2 cell size 50 pm x 400 pm

e Overall spatial resolution: ~10 pm in the r-¢ direction, ~100 pm in the z direction




Silicon sensors

@ P/N junction Viep =

@ Drift of carriers following electric Field E

@ Diffusion

® Lorentz angle: deflection angle caused by B

Silicon pixel sensors Planar n-inn (ID like) _ Planar n-in-p (ITk like)

——
@ Planar: highly doped implant on top of M r——————f— w
a low-doped Si bulk n-in-n (ID-like), n-in- v I [ o=

p (ITk), medium radiation hardness, less I
costy than 3D, HEP classic sensors T

(p-spray)
N Bulk

§§§

3D <«UsedinIBL

p*t MIP p* " MP p* n*
1 ] 4 e

® 3D: highly doped Si columns through

low-doped Si bulk -> high radiation sl¢ g “slo-
hardness, low yield }’;'3? | e .,\
® CMOS: industrial mature technology, ettz*. =

« low cost », less radiation hard - el
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Non lonizing Energy Loss = microscopic defects = macroscopic effects:

l. Pintilie, Vertex 2016

+/- charged at RT

P L cc @ Charge trapping: electrons or
s EV= Ej ;2.5415 ﬁ":fcm'-' .T”"” B 30K .
Pontdefects o= 1710%cn m holes trapped in defect centers

s EV=E -0545eV V. ©
o, P = 1,710 cm? —_ bk
op®=910" cm?

e e @ Change in operational bias
, ONVIEK = 410 em?
Extended defects » S+ ff-g;g?fe:'_’::: B0 VOItage
e on, MR N
> o, ‘-;?3.18'4::-,115 Point defects Extended defects
 Eomag oty @ Type inversion of n-type bulk in
000 DESY-THESIS-1999-040 e p-type bulk
c —
S 1000 02 :
S 500/ type inversion £ @ Increase in leakage current
I , ~
) 1(5)8 10Mom2 10! Tc_> AI(®,T,t)=1(®,T,t)— Iy = a(t,T)Vdepq)
r— ) T ' D —
IZJ Ig lo() .:
2 7| n-type p - type >
S5 | “  Annealing: Evolution of defects
-1 0 U 1 2 3 lO-l .
10 10 10 10 10° with T and t

D, [ 10" cm™ ]




Radiation damage digitizer

@ Production of electric field maps
@ Evolution of cluster size vs temperature and bias voltage
@ Charge collection efficiency, comparison to data

® Cluster & Track properties variations
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implant (n*) 1 %
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z zone § ";
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pitch: 50 x X) Bfield | | S
(250-400) pm2 : : | 2
-

bias voltage (p*) electrode

ID pixel layers are irradiated which implies:

T\l

ATLAS Internal
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Run 2 Delivered Luminosity [fb™]

JINST 13 C03046 (2018)

@ Charge collection efficiency drops due to charge trapping

® Modification of the depletion voltage

® Evolution of the Lorentz angle with the fluence and operational bias voltage

= I[mplementation in MC simulations at the digitization level of the fluence and its

effect on pixel layers




LPNHE Radiation damage digitizer
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1. Production of electric field maps for various fluence and bias voltage

2. Validation: Charge collection efficiency, comparison to data

3. Prediction: impact of radiation damages on Cluster & Track properties

Benchmarks 0 1 2 3 4 5 6
Luminosit 30fb—1 30fb—1 75 fb~1 130 b~
Y 0fb1 0fb—1 15fb1 I / / “
(Run2) end 2016 | end 2016 | end 2017 | end 2018
® (104 neq/cm?) , .
d |V o V o \ o V o V o V o \
V (V)

IBL 0 80 0 80 1 80 2 80 2 150 5) 350 | 8.7 | 400
BLayer 0150 | 0.7 | 150 | 1.2 | 150 | 1.7 | 150 | 1.7 | 350 | 3.1 | 350 | 4.6 | 400
Layer 1 01150 | 0.3 [ 150 | 0.5 | 150 | 0.7 | 150 | 0.7 | 250 | 1.3 | 250 | 2.1 | 250
Layer 2 O (150 [ 0.2 | 150 [ 0.3 ] 150 |04 | 150 | 0.4 | 150 | 0.8 | 150 | 1.3 | 150

7 benchmarks considered (corresponding to Run2 benchmarks)  Use of tracks from Z=>uu samples



Electric field maps

E. Field [V/cm)]

20000

T

*9=0
& o= 110" nJem’
s Dm0 n../crn’
you s.‘ou l\../Cl'ﬂ’

electron and hole capture cross sections

Chiochia model of radiation damage used to simulate E field maps of the ID planar pixel sensors:

Parameters: traps energy EA and ED, effective concentration NA and ND and

NIMA 568 (2006) 51-55

N
150

200
Bulk Depth [um]

Fluence E# ER N Np oD & ap o)
(eV) (eV) (10 em=3) | (10" em=3) | (10°'® em?) | (10715 em?)
(10" ngq/cm?) +0.4% + 0.4% + 10% + 10% + 10% + 10%
1 3.6 5
2 Ec-0.52¢V | Ey+0.48¢V 6.8 10 6.60 1.65
5 | 14 34

Pa

variations

rameters

§ 22000F-
=, 20000f-
3 18000}
5 160001
5 14000
i 12000
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6000
4000
2000
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e Nominal B
4 energy +0.4%
v energy - 0.4%
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sl d
150 200
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i 12000
10000
8000
6000
4000
2000

E 22000F
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P
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= T
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A energy + 0.4%*:
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oO
[5)]
o

P B
100

P -
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Bulk depth [um]

[V.
o
o
S
S
S

N I

00 “‘50“‘

I
150 200
Bulk depth [um]

P R
100

energy

® Moderately sensitive to the defect
concentration variation

@ Highly sensitive to modifications in the trap

@ Slightly sensitive to the capture cross section

variations

= Variations on acceptor observables give
larger variation in E field compared to

variation of donor observables

A=Acceptor ; D=Donor ; h = holes ; e = electrons
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Charge Collection Efficiency

Fluence
14 2
[1 MeV 10™ n g /cm]

Bias Voltage [V]

—
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- standalone simulation ALLPIX
_‘.‘.-wvf'-.-‘-:.:.:.. ............. -
: ,r:...- '.':. ........ ? ........... :
- ’ “re. O ", | T YFe, ’ -
o ‘.'.f .T o ‘e ., i
- ATLAS Internal '*-.,’ |
- ... -.. .“ -
- IBL planar modules A ]
5 _;?_ . N i
-« DatagOV o
-~ = Data150V " “
¢ Data3s0Vv ﬂﬂ
¢ Standalone Simulation 80 V
s Standalone Simulation 150 V
¢ Standalone Simulation 350 V 1
i | ; i i i s il
10 10
Integrated Luminosity [fb”]
E [ [ [ [ [ [ [ E
= 3
— v p—
= E E
= A=
= - = A 3
= OBL eIBL data . ° 3
= [B-layer ALayer 1 O =
= ATLAS Simulation Internal S
= imulation Interna _—
= ptf’c" > 1 GeV, central n modules, Zuu ATHENA E
:No Raldiation Begirlming ~15Ifb’1 Nea: End NearI End Encli of Encli of =
Damage Run 2 of 2016 of 2016 2017 2018
= O 3
= O O =
= | =
= = 2 % & 1% ¢ 3
= O 0 Q =
E A A A 3
= ) v vV =

Charge collection efficiency

CCE = average charge after
irradiation / before irradiation

Validation of the radiation damage
digitizer model = Comparison of
CCE from simulations and data:

@ Charge collection efficiency: good
level of agreement between
simulations and data

@ Caveat: variations in terms of
threshold, tuning, temperature and
annealing not yet implemented.

Systematic errors not represented in
ATHENA validation plot




Cluster size

Cluster size in ¢

Sl — | | | | | —
c -a~ ATLAS Simulation Internal OBL  B-layer]
(O] — _
, . N 260 g‘?ﬁiri' ?é”eo\‘/j”’es’ L sLayer 1 vLayer 2=
o Highly sensitive to fluence, s ,,bF "7 E
moderately sensitive to S 22F v 5 3
change in bias voltage 2E . E
1.8;— g A g O —;
o Sensitive to the modification ::’;_ 6 8 o 3 v E
in Lorentz angle e E
1 ?\lo Raldiation Begirlming ~1 5I o NearI End NearI End Enclj of Enclj of -
Damage Run 2 of 2016 of 2016 2017 2018
2 BE ' ' =
e Between the end of 2017 =, ] 0 3
and the end of 2018, Cs : E© 5 o 0 o | E
in ¢ increases of more = 0E . - O
;f’ 300 £~ n x N
than 20% (BLayer, L1 and i 0g B Z Z Z @ v v 3
05 - . =
L2) and 10% for IBL ¢ e
P o2E g g 2 % v




Tracking properties

Unbiased residuals resolution

'g' [ [ [ [ [ [ [ I _|
£ 00%4ATL AS Simulation Internal, Zuu 9BL  FB-layer]
éoozzép’;ac">20 GeV, central 1 modules ALayer1VLayer2§ Cut on tracks: P >20GeV
3 ool ; - required to mitigate multiple
; 0.018|— % —] .
LR 5 v v 6 7 scattering
3 0.016/— Y —
7 - | O A2
T 0014 o O J 2 = © — . .
T F . i g E e Degradation of the spatial
& 0.012— A A —
‘5 _ A A ] . .
S ouf 2 E resolution with fluence
0.008 :No Rald atiol Begirlming ~1 5I fo! NearI End NearI End Entlj of En(!i of :
P e IBL: Degradation by 20% / 6%
s 10E- © 3 . .
., = in the short / long pixel
2 b Q : .3
. e - o 3 direction between the
é’ 3002— A A A _E . .
iwe®8 B 8 ® ©® v 9 beginning of Run2 and the
7 S 5 3 predictions for the end of Run2
i o o=
P E 5 e 0 5 4 2

Next:

* Use of higher p; samples and higher statistics (ttbar and Vh, h = bb samples)

* Quantify impact on b-tagging and higher level physics objects



ITk pixels LPNHE R&D
Sensors performance

@ LPNHE ITk pixel sensor productions
@ Blasing options comparison
@ Performance of thin and irradiated planar pixel sensors

@ Performance of active edge sensors




LHC

Run 1 | | Run 2 | | Run 3
Injector upgrade
lice consolidation cryo Point 4 i 4
7 TeV 8 TeV .gutton collimators DS collimation ?nrtyt;)rlé’lglton ) HL LH.C
R2E project P2-P7(11 T dip.) regions installation
Civil Eng. P1-P5 T N\

2014

2019

2020

14 TeV

5to7x
nominal
luminosity

r

energy

_/
radiation
o damage experiment
e oo nominal uminosit 1 | P e 1 | — — | upgrade phase 2

. ———
EX

The LHC will be upgraded in high luminosity
LHC (HL-LHC) and the data taking will start in
2026:

@ Goal: integrated luminosity of 4000 fb-1

@ Need to upgrade accelerators and
experiments

® ATLAS Inner Tracker upgrade (ITk - pixels)

ATLAS HL-LHC Physics goals:

® Precision measurements

int
luminosity

rated

® Measurement of Higgs boson self couplings

® BSM physics searches




LPNHE Inner Tracker upgrade
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i i e s L s ATLAS Simulation Internal T

ATLAS data taking phase in HL LHC conditions: 5§ ™ ladiiy E
34 2 &Y [Tk Inclined Duals 10"7 §

o Peak luminosity of L ~7.5x 10%cm™s o §
. . . . 20 10 8

® 200 inelastic pp collisions per bunch crossing g,
HouooHoH thiedobabirholoiiniodobaniotetaniniotorinioiarinie )

o o o TITTTITT T T il Ho iiii]i;lii'l" : c

o Maximum fluence in inner tracker 2.5 x 10'° —{TTTTTTT m 11111 10" >
R AR RY B @

neq/cm2 (5 times IBL fluence) | -

— 14
300 10

z [em]

Inner Tracker (ITk) All silicon tracker (pixels + strips) to cope with radiation level

| T T T I T T T ‘

1400 A TLAS Slmulatlon Internal

C ITk Layout
1200~ n=10

R [mm]

ITk pixels:

1000F ® Instrumented up to | n I<4
- n=20
800
600 e Less material budget and 1 additional layer
400 . compare to Run2 thanks to the inclined layout
n=3.

\ 1

200

40 @ Increase in tracking and b-tagging performance
|

b 500 1000 1500 2000 2500 3000‘ 3500 Compared to Run?
z [mm]




ITK pixels challenges

Radiation hardness Pile up compliance

e Granularity: 50 pm x 50 pm or 25 pm
Goal: 97% hit-efficiency with a x100 pm pitch instead of 50 pm x 250 pm

16 2
fluence up to 1.3 x 10~ ney/cm” for ® New chip RD53: 50 pm x 50 pm to deal

innermost layer (to be replaced once) with high data rate at HL-LHC

e Problem: Radiation induced

charge trapping and decrease in Geometrical acceptance increase
the collected signal

ITk Layout
n=10 n=20 Outer End Cap

%\\\M‘M\.)« NN
HMHIIII I
)/MIIII |1 | |

R [mm]
w S
g O O,
o O o

»
=
e
(DA
v
5
=
g_;
o |
3
5
@
S
m_
—

o Solution: Radiation harder
sensors 0

250}
200
150 =%

w
=)

—

= 3D sensors for innermost

e

layer =] ﬂuluwn L
. . 504.4. | [ ]
(perpendicular drift, e r—————————
. . 500 1 000 1 500 2000 2500 3000 3500
smaller collection distance) 2o

e Instrument at high eta, cf Inclined

= Thinner planar sensors for layout

the outermost layers:
LPNHE thin sensors

® Reduction of dead area = Active

edge sensors @
,A ”




Production 2 Production 3
Thin sensors AE & Thin sensors

FRRRRRRNRERENENY

o Active edge, DRIE o Standard edge e Active staggered edge
process ® 130 pm thick e 50 -75 pm pixel to

e 100 pm pixel to trench, o Bias dots (punch- trench, 0-1 GR
0-2 Guard Rings (GR) through mechanism) e 130 pm thick

© 200 pm thick ® Non-uniform irradiation: o Temporary metal

e Temporary metal Average 1x10'"° neq/cm2 o Irradiated uniformly at

3x10" neq/c:m2

Peak at 1.4x10"° ne/cm’ @a
,A ”

o Not irradiated




Testbeams

Test of sensors in particle beams (Testbeams):

o DESY: 4 GeV/c electrons beam, important
multiple scattering contribution on spatial
resolution (~30 pm)

e CERN-SPS: 120 GeV/c pions beam, small
multiple scattering contribution on spatial
resolution (~4um)

o EUDET telescope: 6 planes of mimosa
sensors (pixel size 18.4 pm x 18.4 pm), 1
reference FEI4 DUT for temporal
coincidence, 2 scintillators for trigger

® 11 testbeams, 3 LPNHE productions tested

e Sensors irradiated at CERN Irrad facilities
or KIT

- “V
Y |
A
! et

121 :

Cc;:‘r,;;e: A Collimator 22
Fiber . e e v entogzoalilcoas;
Target Y, : D'PO\'G Magnet 7502 124 F T24/1 F
A L |

“©  pESYN




Thin and irradiated sensors
performance



R&D biasing structures

LPNHE 7 - Prod 1 W80 - Prod 2 M1.4 - Prod 3
Temporary Metal Bias Dot Temporary Metal

Un-irradiated

100 120 80 100 120

V = 600 V V=100V

Fluence
3 x 10" neq/cm2

o
N
o
Y
o
=]
o

80 100 120

V=600V

Fluence
1 x 1016 neq/cm2

- - NNWWH O
ououocuocuoouo

N
o
S
o
[+2]
o

o |II||II|I|IIII|IIII|IIIIIIIlIIIIIIIIIIIlIIIIIIIII

In pixel hit efficiency (half pixels considered):

e Degradation of efficiency in the corner with bias dot

e More uniform efficiency for temporary metal, even after irradiation
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® Thickness: 130 pm

® Biasing system: bias dot

® Classic edge, 2 Guard rings

® Irradiated non uniformly in two times at CERN irradiation
facility: peak fluence 1.4 x 10" neq/cm2

Thin sensors (Production 2)

Thin sensor - W80

arXiv:1810.07279 (October 2018)

Y [mm]

| | | |
| o [©2] S N o N » (0] [ee]

-
o
©
|
(o2}
IS

I A)

Leakage current and power dissipation

Sensor power dissipation at -25°C ~40mW/cm’=> 4 times more than 3D sensors

8

4 1X10" o, T=37°C
% “ Current related damage rate oa: A = oV &
80 ————— 1x10"n_/on?, T=-40°C | . . . . 15
e . o Compatible with literature value at 3x 10
——4—— 3x10"n_Jom?, T=-38°C | 2 17

” n /ecm (x=4.010 A/cm)
50 ? €q -17
“ o Higher value (x=8.0 10 A/cm ) for highest
: | fluence due to impact ionisation and limited
- : TessbtssssssdsETTTES annealing
M 0T L e il g i OV D PO

100 200 300 400 500 600 700

(V3p 4x smaller)




Y [mm]

Irradiation

Horizontal profile, ROI: Up

g o Data from CERN irradiation facility: 2D gaussian
G of fluence profile, +/- 2 mm uncertainty on fluence ,
3 : peak position. To obtain a more constraint peak
‘3 position: }
‘& Pol 2 fit on ]
K] . .
f ?O;'Zont]fl' average e Plot the average ToT (Time-over-Threshold)
= 10 proftie . . .
L T T TSP T vertical and horizontal profiles for several
000 6000 8000 10000 12000 14000 16000 'X.m) . .
«0°  configurations,
14 €

¢ o Fit with a pol2 function and extract the

minimum position (X and Y), use it as the new
10

fluence peak

8 A ToT B ‘
MRTRES 85 S0MN * 600V, Hosizontal bin 3 500V, Horizomal bin + 400V, Horzontal bin
-2 Threshold = 850 e |
4 6 ToT configuration: 8ToT at 4000e | | ©00V. Vertical bin —f— 500V, Vertical bin + 400V, Verfical bin
No Fluence peak constraint With Fluence peak constraint
-6 4 T T
& 8 F
- B - 8
-8 % e |
10 8 6 4 2 0 2 4 6 8 10 $ - I
X [mm] | o $
6 o
As a result: Less dispersion of -: |
£ 3
ToT for same fluence —p ._
> 3
2 2}
b by |

arXiv:1810.07279 (October 2018)
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CCE = average charge after irradiation/
before irradiation

Hecht fit - > extraction of B the effective trapping constant

LL — T % T
O 1—l'g.| """ gl"a """"""""
&) - BT & Threshold=1200e 6ToTat6éke 600V
- L £ frrie
- . 8 & 18
0.9 L\ ;tg: """ E:""g """""""
- AT ™ + Threshold=1000e 6ToTat4ke 600V
| gl oy [
0.8 NN B i § o ; : — T
- N3 i@ : : 5
- g g hH
- b OO D - 3 T RREEEEE R R PP R R RE TR R TR T PR R PR PP T SRR Dl EEEERE P
0.7 WANE 3 : 5 o
- NHR: s g
e R — S —"—r
: : : : )
— : : : c
C é 3
0.5 I SRR S o A B 22 0 SR ot I 0 A IR SRR A "_; -----------------
— : : . 2
== } Sy g
04__ """" T i oo
0 s e AL
:—illli'{!:J ----- EEEY [ETPP PP | ----- foo--- I-I-Iv}lllliij ----- - oo 1o ;
0.2
0 2 4 6 8 10 12 14

Fluence [n /cm?]
eq

Charge collection efficiency

@ CCE highly dependent of the
threshold target

@ CCE drops drastically with the
fluence (<30% at 1.3 x 10%¢ neq/cmz)

= This data will be used to compare

with radiation damage digitization
at high (ITk-like) fluence

eReference e = 6.6 £ 0.3 x10™"cm?/
ns and ph = 10.1 £ 0.3 x 10 "cm?/ns

(from Kramberger et al ATL-INDET-2002-006)

o Lower values found (different tuning,

| = annealing, approximations used ...):
x

@ at intermediate fluence: Be = Bh =
5.5+0.2 x 10 %cm®/ns

Fluence (10ls Neq /CIIIQ)

2.7 | 3.5 | 3.8 | 13.1

® at high fluence: fe = fh = 3.6 =

Thr=1200e, 6ToT at 6000e, CCE = | 61% | 53% | 51%

21%

0.1 x10™ "®cm®/ns

Thr=1000e, 6ToT at 4000e, CCE = | 7T1% | 64% | 62% | 29%

arXiv:1810.07279 (October 2018)




Hit Efficiency

Efficiency higher than 97% up to 4 x 10" neq/cm2 for the red configuration and 7.5 x 10"

neq/cm2 for the blue one
® Large impact of

1 threshold settings
0'98_ T *:;.-f:. .......................... K M Efciency requiement 97%) ® Negative imPaCt of bias
= IRy — 3 .
e 3 ‘; = g = LI : dots on efficiency
- S I = = - 3
0.94|— 1L LiETOT “ . '8
- ¥, 2% , : .
. R B SRNER) S ® Thin sensor of
0.92f 5 gg e :fﬁ E . .
11 — NS production 2 suited for
0.9 — £: %8 ] :
- LW I°
. ——+—— Threshold=1200e 6ToTatéke 150V _—:w ; - Layer 1 and c.>L.1termost o
. —+7 Threshold=1200e 6ToTat6ke 600V H \ Iayers (hlt eﬁICIGnCy >97 A)
Tk .
0.86) —+—— Threshold=1000e 6ToTatde 600V . e ro up tO max ﬂuence recewed)
0 2 4 5 8 10 12 [ 13]
luence [n_/cm
= As expected, not suited
for innermost layer (low
Fluence (10" neq/cm?) 2.7 |35 . 3.8 | 7.45 . 13.1 h|t efﬁciency and t00 h|gh
Threshold (electrons) 1200 | 1200 | 1200 @ 1000 | 1000

sensor power dissipation)

ToT tuning (ToT corresponding to electrons) | 6at6 | 6at6 | 6at6 | 6Gatd | Gatd
Extrapolated Hit Efficiency (% + 0.5%) | 98.6 | 97.6 | 97.2  97.0 @ 88.6

arXiv:1810.07279 (October 2018)




Thin and Edgeless sensors,
unirradiated & irradiated



Standard Active edge (Production 1)
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Active edge sensors
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Efficiency in the edge area:
o Efficiency higher than 80% up to 75 pm from last pixel

e Blue triangles (DESY low energetic e), multiple scattering smear the spatial resolution
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e GR don't influence efticiency, supported by TCAD simulations
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Track impact position [um]
M1.4 sensor, staggered edge, 0 GR, ~50 pm last pixel to last edge, 130 um thick, before
irradiation:
= 2 fences of discontinued edges (such sensors do not require a support wafer)
= The efficiency follows the edge pattern
= The efficiency is higher than 50% up to 44 pm from the last pixel




LPNHE ) Comparison with TCAD

PARIS

TCAD Simulations - Electric field Edge Efficiency

Simulation of the electric field  Outer fence Inner fence ProjectionX of biny=3 [y=28..42]
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Sensor Power Dissipation (mW/cm?)

107"

1072

Irradiated at 2.7x10'® nyo/cm?, T=-38°C

Unirradiated, Room temperature

IIIIIIIIIII

i 1
20

Irradiated at 2.710'° n,/cm? T=-38°C |

Unirradiated, T=-40C

g TR, A e N e e MO U A
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.......................................................
.....

20 4

100

® M1.4 irradiated uniformly at 2.7
x 1013 neq/c:m2

@ Early soft breakdown around
90V (observed by other ITk group)

= discharges at the edge of the
sensor between the sensor and
the chip

@ Estimation of a value (x = 1.4 +
0.2 x 10" A/cm), compatible with

partial depletion of the sensor

® At 100-110 V and -25°C Sensor

power dissipation is 0.4 mW/cm®




Active edge sensors

3 . PN A Edge efficiency after
- iy T G —+ S T . . . .
5 4* = 4 *J‘r+ Ml irradiation + in soft BD
O - ] S
£ | i conditions:
0.8— - L
| * Unirr. - V., =50 V - Thr. = 1000 e | . ® Comparable to
0.6 + ®=2.7x10"" - V. = 100 V - Thr. = 1000 e . unirradiated
- -f— ;. Nk performance
] Pixel edge | Trench i}
0.4 9 mll ¢ Efficiency higher
~ | Eff. @ plateau: + 7 o y g
- L 99.5% d : than 80% up to 25
0.0 -97:4% | | ] pum from last pixel
"7|_ | Resolution ~ 20 um | f _
- | | i peSRl © Plateau Efficiency:
fa850 19900 19950 20000 20050 20100
Track impact position [um]



b-tagging upgrade for ITk

@ b-tagging at ITk
® SV1 Optimization

® b-tagging extrapolation at high pT




®2 local parameters:
longitudinal and
transversal impact
e, . parameters dO & z0

q/ @3 global

parameters: q/pT, ¢
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The addition of the IBL helped to improve the

tracking performance

Massive b-hadrons
production at LHC, Jet

” Jet axis

essential to L7
reconstruct correctly / Secondary

: . s M vertex
jets containing b-

hadrons (b-jets)

. X — length
Primary vertex /.Z Decay leng

O Impact parameter

Long b-hadrons lifetime (~1.5 ps), b-jets are
characterized by:

@ Displaced secondary vertex at several

hundreds of pm from the primary vertex -
SV1

@ Large impact parameters - IP3D

@ Decay topology involving c hadrons:
dominant decay channel b—cW - JetFitter

b-tagging algorithms combined using
multivariate techniques to optimize
the b-tagging




b-tagging upgrade

Massive b-hadrons
production at LHC,
essential to
reconstruct correctly
jets containing b-
hadrons (b-jets)

Zetaxs| | b-tagging at ITk:

/
/
7/ Secondary
/7 » vertex

e crucial ingredient in a large number of
analysis including hh = bbbb and hh —
bbyy channels ...

. ) —— length
Primary vertex /.2 Uacey leng

g AE— * have to be upgraded to deal with HL-

LHC conditions and ITk geometry
Long b-hadrons lifetime (~1.5 ps), b-jets are

characterized by: @ IP3D - already optimized (ITk pixel TDR)
@ Displaced secondary vertex at several ® SV1 - Optimization study
hundreds of pm from the primary vertex - . .
v presented in next slides
o Large impact parameters - IP3D @ JetFitter and Multivariate techniques:

effort ongoing
@ Decay topology involving ¢ hadrons:

dominant decay channel b—cW - JetFitter Other studies:

b-tagging algorithms combined using e ITk layouts comparison

multivariate techniques to optimize e b-tagging performance at high pT
the b-tagging using Z' samples




SV1 Optimization

Secondary vertex finder algorithm (SVF)

Goal: Create a pool of secondary vertices (SV) passing a set of criteria. Afterwards the
SV1 algorithm classifies the SV from b, c and light jets.

1. Tracks selection inside a jet: Cuts on silicon hits, on track p.. ...
2. Formation of all possible 2-track vertices

3. Selection on the 2-track vertices: Vertex cleaning disentangle true SV from long
lived particles (Ks or A) decay vertices, photon conversion vertices and vertices
from hadronic interaction with matter (material rejection).

4. Merging of the 2-track vertices into multi-tracks vertices

Optimization studies

e Material rejection: Update the SVF algorithm to obtain a material rejection which
matches the ITk geometry

® p; cuts and Silicon hit cuts optimization @6
, ”




LPNHE SV1: Material cleaning

PARIS

.‘*é’ ATLAS Work in Progress 2 e ——
> fhis=14 Tev, toar, Light-flavour jets | 2 10° i wmmemneeeoenns | © Y€llOW spikes correspond to
g 107 A———— - light jets created by hadronic
= AR D interaction with beam pipes or
102F " pixel layers
f (03 ® Using material rejection allow
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||||||||| [ Vs=14TeV tibar bjets | hadronic interaction but also
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= The light-jet mis-tag
rate is diminished by at
least 20 % over the jet
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Several p_ cut options (700, 00 and 1100 MeV) and cuts on the number of silicon hits (7,9 and 11) investigated

1 FTTLI I T T T2 e The most stringent
R o e == 1 selection (1100 MeV,

10_1 R

T TTII]

© SiHits Cut=11) gives
e better results (lower I-

SV1 | mistag rate # 70% eff.
SV1 | mistag rate # 70% eff.

mistag rate) at
§ 1;%:. : .. i . S I . ':é § 13225—'1"i""i""i""g""i""i""i""i""i""_ medium and high r]
0 LT It 2 o N
;. - + —--—+—]— = | and along the full p;
"o 55 45 %5 550 555 ’ L R BT S V- B N range.
jetp_(GeV) - jet
o 10— =
§ = Si7;Pt700 =
r) —  f simulation Si:9; Pt 900 -
: : A - [ jetp >25GeV, i<5  Si11; Pt 1100|
® The configuration (1100 MeV, Si Hits Cut=11) 3 10°} it e - =
. . . . L - -
results in an increase of the Light-flavour jet =2 .
rejection of roughly 30% compared to the =
(700 MeV, Si Hits Cut=7) configuration .
1.5F
1
0.5

05 055 06 065 07 0.75
b-jet efficiency,




Conclusions

e Good Hit-Efficiency for thin sensors at ITk outermost layer fluences

Thin and e The temporary metal option results in more uniform and higher hit
efficiency even after irradiation

e Charge collection efficiency: drops drastically with the fluence: To be

S€NSors used to validate radiation damage model at ITk like fluence

e Active edge: Edge efficiency recovered for 2 edge designs and for

irradiated sensor in soft breakdown regime

irradiated

Next: Test of irradiated small pitch pixels modules + tests on irradiated standard active edge modules.

ITk decision on design features: early 2019

Radiation e Evaluation of the impact of Chiochia model parameters variations
damage e Validation of radiation damage digitizer on charge collection efficiency

digitizer ® Impact of fluence and bias voltage on tracks and clusters

Next: Redo the study with higher pT samples and higher statistics, quantify impact on

b-tagging and higher level physics objects using ttbar and Vh, h>bb samples

JHEle[e[[jleN o SV1 optimization using updated material rejection and
for ITk stringent tracks criteria: increase of light-flavour jet rejection




