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LHC and HL-LHC
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* Run2 (right now) : Energy : Js =13TeV Integrated luminosity : fL ~100 /™"

Instantaneous luminosity : . ~1x10*cm™>s™
* Increase of the luminosity -> Upgrade : HL-LHC (2019 and 2024)
* More luminosity -> see signal with a smaller cross section
* HL-LHC : Instantaneous luminosity : L =5x10*cm™s™" Integrated luminosity (2037) :fL ~3000 b
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Pile-up in ATLAS

(\jW'Xy ° Pile-up:interaction happening during the same
S ) bunch crossing as the event we are interested in

HL-LHC ti event in ATLAS ITK

at <p>=200

e Create track and calorimeter cluster that could
be associated by error to the event of interests

e Affect the signal reconstruction and can create
fakes

* Increase of the instantaneous luminosity ->

Simulation of the pile up in Atlas for 200 events _ )
increase of the pile up

Hard-scatter jet

Spurious
pileup jet

Jetrom ¢ Run2: 40 pile up interaction in ATLAS (per
Pileup bunch crossing)

HL-LHC : 200 pile up interaction in ATLAS

Pileup ““7 Hard scatter
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Pile-up in ATLAS

)('1'0‘6'1"“I“"I""I""I""I""I""I""l""_
T 1200l S HL-LHC challenges:
5 10000 - » order 200 events Pileup
S soof —j e zspread: 150ps (= 45mm nominal)
® 600t & e tspread: 175ps (nominal)
400f- = ATLAS tracker upgrade:
200} 3 * Extended coverage of tracker (up
955560150 1605065766 783™860 ™ %s0 ton=4)

Position along z [mm] * Resolves vertices in z
S | | * Limited resolution in the forward
a2 s 5!1400 ) .

2 1400F- 3 region -> Merged vertices
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Pile-up in ATLAS
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HL-LHC challenges:

e order 200 events Pileup

e zspread: 150ps (= 45mm nominal)

* tspread: 175ps (nominal)

ATLAS tracker upgrade:

* Extended coverage of tracker (up
to n=4)

e Resolves verticesin z

e Limited resolution in the forward
region -> Merged vertices

PU vertex (Merged)

HS vertex



Pile-

up in ATLAS

x‘1'0‘6'l"“l“"I""l""l""l""l""l""l""_
T 1200 2 = HL-LHC Cha"engES:
5 10000 - » order 200 events Pileup
S soof = e zspread: 150ps (= 45mm nominal)
“ o[- E * tspread: 175ps (nominal)
400f- = ATLAS tracker upgrade:
200/ - * Extended coverage of tracker (up
B - R = T R o to n=4)

Position along z [mm] * Resolves verticesin z
T * Limited resolution in the forward
a2 s §l14oo ) .

2 1400 = region -> Merged vertices
E - 1 —1200
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1000 =
eoof— _f“-’Esoo
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Pile-up in ATLAS

x‘1'0‘6'l"“l“"I""l""l""l""l""l""l""_
@ 12001 - - HL-LHC chaIIenges:
5 1000F- =  order 200 events Pileup
S soof = e zspread: 150ps (= 45mm nominal)
® 600l E  tspread: 175ps (nominal)
400f- = ATLAS tracker upgrade:
200} 3 * Extended coverage of tracker (up
D R LT to n=4)

Position along z [mm] * Resolves vertices in z
Y ¢ e Limited resolution in the forward
S - §l14oo . .

2 1400 = region -> Merged vertices
F 12000 4 7'

10005— 1000

eoo%— _%“’Esoo

600 2 {600

400
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—350 -200-150-100 -50 O 50 100 150 200 250

Position along z [mm] PU vertex (Merged)
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Pile-up in ATLAS

x‘1'0‘6'1"“l“"I""l""l""l""l""l""l""_
@ 12001 - HL-LHC chaIIenges:
5 1000F- =  order 200 events Pileup
S soof = e zspread: 150ps (= 45mm nominal)
“ o[- E * tspread: 175ps (nominal)
400l . ATLAS tracker upgrade:
200} 3 * Extended coverage of tracker (up
O s s B to n=4)
Position along z [mm] * Resolves vertices in z
1600 e e 10 e Limited resolution in the forward
2 g §l14oo . .
2 1400 = region -> Merged vertices
F 12000 4 7'
- 4 —1000
1000 =
aoof— _f"!lsoo

—gSO -200-150-100 -50 O 50 100 150 200 250
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Position along z [mm] PU vertex (Merged)
HS vertex
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Pile-up in ATLAS

R A HL-LHC challenges:
2 ook E « order 200 events Pileup
§ 800, E e zspread: 150ps (= 45mm nominal)
S ool E * tspread: 175ps (nominal)
400l . ATLAS tracker upgrade:
200/ . * Extended coverage of tracker (up
B to n=4)
Position along z [mm] e Resolves verticesin z
— 1600 * Limited resolution in the forward
o 1400 region -> Merged vertices
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Pile-up in ATLAS
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HL-LHC challenges:

e order 200 events Pileup

e zspread: 150ps (= 45mm nominal)

* tspread: 175ps (nominal)

ATLAS tracker upgrade:

* Extended coverage of tracker (up
to n=4)

e Resolves verticesin z

e Limited resolution in the forward
region -> Merged vertices

PU vertex (Merged)
HS vertex




Pile-up in ATLAS

el e HL-LHC challenges:
5 10000 - « order 200 events Pileup
§ wol EO e zspread: 150ps (* 45mm nominal)
® ol ]  tspread: 175ps (nominal)
wol- A ATLAS tracker upgrade:
200 . * Extended coverage of tracker (up
5656155 160 ~56™"0" 55 760" 150200 250 to n=4)
Position along z [mm] * Resolves vertices in z
— 1600 x10° * Limited resolution in the forward
2 1400 . .
2 1400 o, region -> Merged vertices
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Pile-up in ATLAS

g ool T TS HL-LHC challenges:
2 ook P  order 200 events Pileup
é 800 = e zspread: 150ps (= 45mm nominal)
S b ¢ Y Y 3 * tspread: 175ps (nominal)

awof- i g ATLAS tracker upgrade:

200f- k * Extended coverage of tracker (up

S G S 300 %50 to n=4)

Position along z [mm] * Resolves vertices in z

— * Limited resolution in the forward
g region -> Merged vertices
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Position along z [mm] PU vertex (Merged)
HS vertex
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1000F

800}

Pile-up in ATLAS
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HL-LHC challenges:

e order 200 events Pileup

e zspread: 150ps (= 45mm nominal)

* tspread: 175ps (nominal)

ATLAS tracker upgrade:

* Extended coverage of tracker (up
to n=4)

e Resolves verticesin z

10" * Limited resolution in the forward
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Pile-up in ATLAS

T oreoofoc T ] HL-LHC challenges:
;13’ 1000 — e order 200 events Pileup
£ wol - N e zspread: 150ps (* 45mm nominal)
g 600/ E e tspread: 175ps (nominal)

a0 - ATLAS tracker upgrade:

200 E « Extended coverage of tracker (up

B o - R R to n=4)
Position along z [mm] * Resolves vertices in z

— 1600 x10" * Limited resolution in the forward
g 1400 _:ZZ region -> Merged vertices
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Pile-up in ATLAS

e o T T T ATLAS Preliminary |
g [ HGTD-Si Simulation i
s = Electrons p_ = 45 GeV .
< 08 T ]
- Run 2,<u> =30, o,= 45mm :
0.6 Nominal,<u> =200, o, = 45mm __
0.4 ]
0.2 ]
S I P I I T I ol
0 0.5 1 1.5 2 25 3 3.5 4 4.5 5
pileup density [vertex/mm]
* Forward region
e Use timing to resolve the vertices at
same z, but distributed in time
* Allows us to determine if a track is
coming from pile-up or from the
event
28/11/17

Merged vertices :

* HL-LHC : same interaction region, more
interaction -> increase of the density of
interaction

* Larger probability of having merged
vertex

600

— ——PB—— Truth vertex track outside the HGTD

8 g HGT 'Sl Truth vertex with no track
-~ 500EZee event, <u> = 200 -
400f; Nominal beam spot o, = dsmm, . e T _
300F | 3
200F- I
-100F o 2
~200- T2
BRI H R
_40 T B FHEH A TR BT cbu v vl g T B
—900 -80 60 -40 20 O 20 40 60 80 100

z[mm]
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HGTD in ATLAS

ELECTROMAGNETIC CALORIMETER HADRONIC CALORIMETER MUON DETECTOR
BARREL ENDCAP BARREL ENDCAP BARREL ENDCAP
Accordeon lead absorbers Accordeon lead absorbers Flat iron absorbers Flat Copper absorbers
Liquid Argon Liquid Argon Scintillator Tiles Liquid Argon
INNER DETECTOR

MAGNETS:  BARREL TOROID SOLENOID ENDCAP TOROID — —
20500 A - 4 TESLA 6000 A-2TESLA 20500 A - 4 TESLA SHIELDING: DISK TOROID FORWARD
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HGTD in ATLAS

MUON DETECTOR

HADRONIC CALORIMETER
ENDCAP

BARREL

ENDCAP

ELECTROMAGNETIC CALORIMETER
BARREL ENDCAP BARREL
Accordeon lead absorbers Accordeon lead absorbers Flat iron absorbers Flat Copper absorbers
Liquid Argon Liquid Argon Scintillator Tiles Liquid Argon
INNER DETECTOR
— o o . /
K
Q
R /55 S -

i
[ |

H
L {

o
4
" .
S
\ i
MAGNETS:  BARREL TOROID SOLENOID ENDCAP TOROID — - —
20500 A -4 TESLA 6000 A-2TESLA 20500 A -4 TESLA SHIELDING: DISK TOROID FORWARD
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HGTD in ATLAS

ELECTROMAGNETIC CALORIMETER HADRONIC CALORIMETER MUON DETECTOR
BARREL ENDCAP BARREL ENDCAP BARREL ENDCAP
Accordeon lead absorbers Accordeon lead absorbers Flat iron absorbers Flat Copper absorbers
Liquid Argon Liquid Argon Scintillator Tiles Liquid Argon

INNER DETECTOR

NSOA-ATESLA  G00A-2TESLA 20500 A-gffesta | | SHIELDING: DISK TOROID FORWARD|

MAGNETS:  BARREL TOROID SOLENOID EVDC-\P#;OID

>

350 400 450 500 550 600 650 7 (cm)
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HGTD in ATLAS

ELECTROMAGNETIC CALORIMETER HADRONIC CALORIMETER MUON DETECTOR
BARREL ENDCAP BARREL ENDCAP BARREL ENDCAP
Accordeon lead absorbers Accordeon lead absorbers Flat iron absorbers Flat Copper absorbers
Liquid Argon Liquid Argon Scintillator Tiles Liquid Argon

INNER DETECTOR

NSOA-ATESLA  G00A-2TESLA 20500 A-gffesta | | SHIELDING: DISK TOROID FORWARD|

MAGNETS:  BARREL TOROID SOLENOID EVDC-\P#;OID

--n=3.7

350 I 400 450 500 550 600 650 7 (cm)

>
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HGTD in ATLAS

ELECTROMAGNETIC CALORIMETER HADRONIC CALORIMETER MUON DETECTOR
BARREL ENDCAP BARREL ENDCAP BARREL ENDCAP

Accordeon lead absorbers Accordeon lead absorbers| Flat iron absorbers Flat Copper absorbers

Liquid Argon Liquid Argon Scintillator Tiles Liquid Argon
/
) e - - 7= :
4 ll 'a— e (o Moderator +support
\ % > = ' Feedthrough Rout=110 cm
? i]ﬂ /services

MAGNETS:

BARREL TOROID
20500 A -4 TESLA

SOLENOID
6000 A -2 TESLA

Off detector
Electronics

EMEC

40 +
Si sensors + ASICs
- Ri, ~ 120 mm ; n~4.0
30} s ] Ryy =650 mm ; n=2.4
20+
10+

I
3506 mm

550 600
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HGTD Geometry

Moderator +support
Feedthrough Rout=110 cm
/services

Off detector
Electronics

Incoming
particle

decided)

* Detector in the end-caps (3.5 meter
from the interaction point)

* Pseudorapidity coverage :2.4< |n| <4
(120 < R < 640 mm)

» 2-4 layers of active material (to be

* Granularity : 1.3x1.3 mm? sensors ->
stay bellow 10% occupancy

Si sensors + ASICs
R Ri, ~ 120 mm ; n~4.0
R, =650 mm ; n=2.4
—
VA
9
TP —e-Si- tximm M - o200 e Layer 1 —
g E  —=Si-13x13mm° = o Layer2 3
Q [T — Si-2x2mm® ]
3 B e Si, E>0.02MeV Layer3
8 30+ e Layer4
g 204, -
T
g 10 :8._8 ......... b e —
£ = 'Y =
g 2 . 8 ) CE A -
= C ° o g = s, ATLAS Preliminary
£ 3+ e ., 8 g -, Full simulation -
) 2 | 8 8 - —
=4 - @ = A
] - » 8 = A &
= | ' 8 o= = 4
£ 1= S @ a g = =
& = e, ¢ g 3
g = = 8 . 8 g .
< H ~ T8 . g &
= 3107~ S 8 s L
2 2x107" - =
_D___-h‘ 'll __________________ 10—1__ | 11 1 II 111 1 II 11 1 II 111 | 1111 I 11 1 II 11 1 I| 1111 II IIF
20°C cavern ambient temperatur'e/ 300 350 400 450 500 550 600

z| B0 00 50
/ ’Incoming
28/11/17 particle Corentin Allaire (LAL)

Radius [mm]

7



Current [pA]

Precise timing measurement ?

© N W & & & 4 &
P S S S S S

Cathode

Reg h‘
Gain layer
n

Anode
Ring

50 yum LGAD signal

—=Sum
«««Primarye+h

- Gaine+h

28/11/17

0.4 0.6 0.8 1.0 1.2
Time [ns]

 Silicon based detector (PN junction)

* Particle go through the detector -> creation of
electrons-holes pairs

* The drifting of those pairs create the signal

 Timing resolution inversely proportional to
(Signal/background)

* LGAD sensors : Silicon detector with a gain :
extra PN junction in the detector -> high

electric field -> showering -> Gain

* Expected time resolution : 30 ps (60 ps after
irradiation)

Corentin Allaire (LAL) 8



Forward detector

z, resolution [mm]

I B B R B L ]
- ATLAS Simulation Preliminary .
5; 1GeV B
| e 2 GEV i
M — 5 GeV f
4 —— 10GeV .
3
2F .
1 =
0; ““““ HHH\HH\HHIH:
0 0.5 1 1.5 2 5 3 3.5 >
HGTD region n
Spurious Hard-scatter jet
pileup jet
Jet from
pileup
-/ “Zywindow VA
Pileup Hard scatter

28/11/17

Forward detector : 2.4 < |n| < 4 (between 2°
and 10° from the beam axis)

In the forward region the resolution of the
tracker on the position of the vertices decrease

It is much more likely to have merged vertex in
this region

Forward detector :

Useful for the VBF production of the Higgs
in which the Higgs is produced with 2
forward jets

Can be use to increase the n region in
which some analysis are perform

Can provide luminosity measurement that
can improve all the analysis
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HGTD full simulation

Incoming particle

)

Ratios : Space:

x10:1 * Imm between absorber (including cooling) and HV kapton
yld * Imm between layers Total width : 42.8mm
Aerogel: Smm Carbon Fiber: Cooling : 3mm
Imm
HV Kapton : Si-Sensor : Glue : PCB: Chip height :
0.15mm 0.15mm 0.2mm 1.5mm 1.2mm

Detector composed of :

 1.3mm x 1.3mm pads in a 4x2cm? modules

* Modules put together into “staves” of
various length

* Dead area between the staves and between
the quarter of detector

28/11/17 Corentin Allaire (LAL)

Geometry simulated in a “simplistic”

way in Geant4

More advanced implementation of the
geometry done at the analysis level

T HGTD-Si

400

n
o
o

' ATLAS Simu

Position Y [mm]
o

200

400

| T T ‘ 1T | T
lation Internal

[

MRS

L 1 1 1 | L Il
‘69%00 -400

N I I
-200 0

7200 400 600

Position X [mm]
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Time Simulation in the HGTD

Amplitude [keV]
N
o

— Noise : 1.5%

— Noise : 3%

ATLAS Preliminary
HGTD Simulation

W
(=)

20

10

1200 1400 1600 1800 2000 2200 2400

2600 2800 3000 3200
Time [ps]

©
o

__(x1)mm® ATLAS Preliminary
o0=33ps ) HGTD-SIiW Simulation

__ (3x3)mm Muons p_ =1 TeV
o0=59ps samplingTO

Events(Nomalised)/10 ps
o o
o o
(o)) (o]

0.04

0.02

St o

28/11/17

Ll L L1l T i L
-0.3 -0.2 -0.1 0 0.1 0.2 0.3 0.4
Time [ns]
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Applied knowledge from test beam to the
simulation

Pulse shape obtain using august 2016 test
beam

Cell resolution simulated by adding a gaussian
noise on the pulses and by making the width
vary to simulate the Landau fluctuation.

Time resolution dominated by Landau
fluctuation and not the noise on the
amplitude

Each hit in the HGTD -> 1 pulse :
* Energydefined asE__,

* Time definedatE=E__ /2 (pseudo CFD)

max

Time resolution (Amplitude + form +
electronic resolution) : 32 ps
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Design studies ree=1 i

dead zones

e HGTD : Detector not yet approved -> design still need to
be studied

* Important variable : number of hit associated to a track
-> directly proportional to the time resolution

* Fill Factor : fraction of active area wrt the size of the pad

(link to the inter-pad space) Fill factor : 90%
Pad:1x1 mm?
Inter-pad : 50pum

Polyboron 20.mm outside HGTD

HGTD back cover, CF panels & honeycomb

* In the design the pads are put together in
2x4 cm modules

ITK Moderator, Polyboron 30.mm inside the HGTD cold volume

 The modules are on both side of each layer

 20% overlap

Total envelope: 125.mm/ HGTD=75.mm & moderator=50.mm

* Those two effects where studied in the
simulation using 1 TeV Muons

l_HGEfw_nt cover, CF panels & honeycomb _ —f i e v
4

HGTD Heaters
ZIA

v
- 4
20°C cavern ambient temperatures
7
4
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Hit Multiplicity

i
oy . . . — 2633438 2633438 2633438 2.6 33438 2.633.43.8
Number of hit in the HGTD taking into accountthe o -
. S~ 102 ATLAS Full Simulation Preliminary g ee8g
fill factor and the overlap £ L HGTD-Si4 layers Laaa SR
. . = " Muons, p_=1TeV
Normalize to 1 hit per layer matched to the g Hons. =178 R
=} E A A
extrapolated track E F g
Studies of the performance of the detector as f; L . p 9"
. .. = E A A @
function of the number of layer needed to optimise & ¢ . 4 b4 007 ®
oc L
the cost Lpe o 2
107'E ) + & & Fill factor 94%: 30 um, <N >=4.25
Fill factor : 2 Layers 3 Layers 4 Layers - + 0 Fill factor 90% : 50 um, <N, >=4.10
90% 102 B [L i A Fill factor 81% : 100 pm, <N, >=3.71
S ! x | ! x
<o,> 43 ps 37 ps 32 ps 0 1 2 3 > 4
Number of hits
N, =0 0.5% 0.11 % 0.07 %
. 26 3 34 38 26 3 34 3.8 26 3 34 38 n — 26 3 3438 26 3 3438 26 3 3438 26 3 3438 /n
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Tracking studies

= 500EZee event, <u> = 200 -
400 ;_N(?m|na‘|‘ b - Reconstructed vertex ’ _:
300F | LS
200 S
c o o =
100 o ¥ —
co o) " -
o o
~100E- o S
~200F- T
-300F | i HECHD e
_40 :\ \3\ ‘ \3\3 3\3:“\\ I I TH IV PN I N T P ST TR ETH AT T w\ii\iim\ EHL 3\33\ \33‘ Il Il \:

—QOO -80 -60 -40 -20 20 40 60 80 100
z[mm]

600 Mmm@ww— G Truth vertex track outside the
g E HGTD'Sl Iru:: ve:ex :Nithkno l‘razk he HaT
= 500[-Zee event, <u> = 200 o T v tot oot T
400 z_ Nominall beam §pot lo,= 45rnm Hecod?sthC‘ed vertex —~
<= i | i o
200F- o ? | ? B
= P o o E
100 ! ! ! ! : —
0 - ! o ! ! 3
— ! ; ; o ‘ =
- o ° : C\)O 3
~100F- 1 o 1 =
SO ? o E
—200¢- 1 - © E
~300F- § =
: Il Il Il ‘ 3 Il Il Il 3 ‘ Il Il Il ‘ Il 3\ Il ‘ Il : Il Il ‘ Il 3 Il Il ‘ Il 3 Il Il I :
40%0 32 34 36 38 40 42 44
z[mm]

e Position in z and t of the Truth Vertex, <u>=200 and nominal beam spot
* All tracks are extrapolated up to the HGTD (z= +3500 mm) and match to a truth

vertex

* For the track within the acceptance of the HGTD the number of hit match to the
track (at most one per layer) is used to compute the timing resolution on that

vertex

e More than 50% of the vertices have at least a track in the HGTD



5D electron reconstruction

[
H D I W .
I -
L]
Ratios :  Space:
x10:1  1mm between absorber (including cooling) and HV kapton Total width : 53.3mm
¥l + 1mm between layers
C T Cooling : 3mm Tungsten:
3.5mm
: Si-Sensor:  Glue :
0.15mm 0.2mm .

PCB : Chip height :
1.5Smm 1.2mm

* First layer = beginning of the Cluster
 Compute “tracks” inside the HGTD
* Reject the one not in time and use the

remaining one to determine if the cluster
is or not an electron

28/11/17 Corentin Allaire (LAL)

Studied the possibility of HGTD with
tungsten absorber

5D algorithm to reconstruct electron
(x,y,2,t,E)

Electron : EM shower -> Conical

Pile-up : Hadronic shower -> Cylindrical

p==

15



5D electron reconstruction

ATLAS Simulation Preliminary ATLAS Simulation Preliminary
HGTD-SIW =200 HGTD-SiW u=200
Electrons p =45 GeV  Sampling 3 Electrons p_ = 45 GeV  Sampling 3
700 —
B Z
600 W l70 %
500 = % 60
400 % | 50
300 38 j
200 ?8 30
100 608 20
J’;K)O2OO
/))
° K™ o 200 400““6
—40_% 00 £on— 400200 *® 0
ATLAS Simulation Preliminary
HGTD-SIW =200 . . . .
Electrons p, = 45 GeV Sampling 3 * Example of the discrimination of pileup
B.: * Work using only HGTD information
g e 50 * The resolution on the time of the electron
s 50 cluster is of the order of 10ps
% H e * The use of tungsten in the HGTD was later
10 ’ ® abandoned because of additional radiation
0 . . .
o * induced in the ITk and the dynamic range
1,330 10 .
7o w0 O of the electronics
80 P 1))
300 70 70
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Pile-up jets rejection

Pile-up jets rejection

Pileup-jet rejection

300 I e = * Pileup-jet rejection in forward region
— PowhegPythia tt ATLAS Simulation Preliminary ] . .
2501 30<p<50 GV HGTD.S| = as a function of hard-scatter jet
- 2.4<il<4.0 Vs=14TeV, < u>=200 ] efﬁciency
200[— - .
E o ] * ITk-only (black) and ITk + HGTD with
190 ~ 1Tk, oft) = 15 ps E different o(t)
C — ITk, oft) =30 ps 7 . . . .
1001 — Tk, oft) = 60 ps E * With o(t) = 30 ps, rejection improved
50l - by factor of 4
b . E * HGTD gives performance similar to
0.8 0.85 0.9 0.95 1 : -
Efficiency for hard-scatter jets that In barrel outto n - 4
600T ] -
- PowhegPythia tt ATLAS Simulation Preliminary . Uj’g T4 T T T T T T
500— pift>50 GeV HGTD-SI — 1.3FATLAS Simulation Preliminary E=j4 TeV =
C 2.4<h|<4.0 Is=14TeV, <u>=200 ] 1 oF |nc|mze/d Barrel E
C - CE =ITk Su=2% =
400: . 11 T o0 Pc;thegPythiatf =
- — Tk ] = =Tk o®=30ps 30<p®'<50 GeV 3
300p — ITk, oft) = 15 ps = e E<pT< ° =
C — ITk, o(t) = 30 ps n 0.9;— _;
200 — Tk, o(t)=60ps - 0.8E 3
100} = 3 E
= ] 0.6 =
I P T B ; 1] 055””,””,”” E
.8 0.85 0.9 0.95 1 ~0 0.5 1 4
n

Efficiency for hard-scatter jets
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b-tagging

e Studies of H->bb need a way to

10*

identify jets coming from b -> S = Mt HGTD @<k <40) E

b-tagging ® ~. @@ —m i

. . = —— [Tk+HGTD (60ps) LT

* b-jets ->displaced vertex->largez; & N NN e ITK+HGTD (30p§)

. oy . c = — : ; : 3

window -> very sensitive to pileup- 2 S — [TheHATD (1509 £

track contamination B ]

° HGTD -> reduchon Of the PU 102 = e e =

contamination -> Improvement of - ]

the b-tagging efficiency - .

10 E_ ......... .............. .............. .. .............. .. .............. ............................................................... _E

) : = ATLAS Siimulatibn Preléiminar? i =

Spurious Hard-scatter jet ~  ttsimulation, jetgpT >20 GeV,:Ini>2.4 T

pileup jet B |
Jet from v IRINETE W IV S S WA W W |

pileup £ 4:_ E

o C i

fe) 3 -

g - .

2 =

1 PO T ST S [N ST SR N SN (NN SN SN T SN NN ST T SN T NN SR S ST T ST SN ST ST TN SN T ST SR SR [ T SR T A S SN S S S N S S .__

05 055 0.6 065 0.7 075 0.8 0.85 0.9 095 1

<z Oiwjﬁd(\jw“ > Z b-jet efficiency
Pileup Hard scatter

b
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Lepton isolation

* Track isolation used in many analysis with
leptons to fight QCD background

isolation cone N
P4
* Isolated lepton -> Lepton that come from the
studied process (and not from showering)
PU vertex
(zo. 1) o
gr —ATLAS Full Simulation Preliminary —e— ITk 3
Hs Vertex 31 05F (s=14 TeV, <u> = 200 ITk+HGTD (0,=60ps)
(zo, 12) WIS 5 o —e— ITk+HGTD (0,=45ps) ]
1= HGTD-Si —e— ITk+HGTD (0t=30ps)_:
- —eo— ITk+HGTD (0 =15ps)
P|I_eup-robust when using only tracks from 0.95F—t——%— |
primary vertex % |

ﬁ

Not robust to merged/close-by vertices 0.85

0.8
HGTD can mitigate the merged vertices problem

_CD-IIII|IIII|IIII|IIII|IIII|II

L . 0.75
by associating a time to each track
1 1 1 1 I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
075 0.5 1 1.5 2 2.5 3 5
Computed with full simulation and different time Pileup density [vertices/mm]

resolution
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Luminosity

Knowing precisely the number of 2 - 'ATLAS Simulation Preliminary 2.40<hi<3.15 i
interaction per crossing is important : g 10000~ pgTD-si a=48.59 = 0.02 ]
* Correction of the signal in the % - :’k Ir:clined Barrel b=-0.00.1 E
calorimeter R S z
* Luminosity already the dominant £ %5 —yae -
uncertainty in in (some) SM & 4000 i%//////%//% i
High granularity detector in the forward 2000 ?//////// a=21682001 "
region -> good luminometer oA/ LT
Number of hits in the HGTD scale linearly g 11'%21_2.40<|n|<2.80 ]
with the number of vertex R WM_
Non linearity : = 099~ | fee .
* Multihit -> Solve by the low i} ?zz | | | |
occupancy é 1 0240 <l <3.15 * ]
. Afterglow (background activity) -> £ oeal | T yw:
can be determine with the time 09875 50 100 150 200

resolution by looking before and
after the collision

28/11/17 Corentin Allaire (LAL)

Number of interactions
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Events normalized to unity

Ratio to tf

Physics channels (examples)

VBF: qqH>qqWW* - qq evuv: © 3000
. BDT o
* 43% bg reduction L
 dominated by top background rejection 2000
(fwd b-tagging)
* 3% pileup rejection
« Relative improvement : 8% 1000
ATLAS Simulation_PreIiminary o ff
Ryt - s o
10—1__ N‘H'E‘S=3 o tWH
— ———a 181 9
i g
=3 i e
B e @E? \
S =208
10_2:. PR | | | | | | :_jF_‘:_i:: 1
1.5
05 05 i 15 7] 25 3 35 4
(most forward light jet)|
28/11/17 Corentin Allaire (LAL)

ATLAS Simulation Preliminary
" {s=14TeVv,3.0ab" Bww [l z+jets
:;.”.:}’.H’.:;.: D tf D Single Top
""""" e L] Weiets dd [llwzizz
it Woow  [Jvern
== SM (stat)

N N I | | N N I | I I | I

-0.2 0 0.2 0.4

BDT Output
tH with H to bbar:

Relative improvement : 11%
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Conclusion

Timing information can enhance the ATLAS detector
capabilities under HL-LHC conditions :

* Assigning time to tracks can improve offline physics
* Lepton isolation, b-tagging ...
* (Can provide luminosity mesurement

The design of this detector was fully simulated allowing
us to study :

* The different possible design of the Detector
 The performance of the detector with object reconstruction



