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 UAPP LHC timeline
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/ integrated
+ HL-LHC program : Extend studies beyond current LHC one with x10 in £
e Precision measurements

¢ Rare decays

- Understand Electroweak Symetry Breaking
— Search for new physics (direct/Indirect)
w Target for ATLAS detector : Maximise the physics outcome with the

delivered integrated luminosity adapting to difficult running conditions 2



cUAPP

LHC timeline (2)
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Baseline 5x10°* 140 3000
Ultimate 7.5x10* 200 4000
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c UAPP Running conditions

High particle density High radiation dose

r [cm]

AT AS Simulation Prelimnaryi|

z [cm]

- Replace sub-detector not sustaining integrated radiation dose
- Minimize degradation from pile-up (high granularity,fast timing)
- Improve or maintain current detector performances

o Allow higher event rate to increase trigger acceptance

total ionising dose [Gy]



< UAPP Detector upgrade Phase-2

TDAQ/Trigger

Calorimeters : LAr + Tile me

N\

&

| 1] _ Tile alorimeters
\ Qu 1) High Granularity Timing Detector |
o P et (HGTD) (2.5 <1 <4.0) @
T Mo Solenoid magnet | Transmon radianon acker o
Semiconductor fracker
New detector New electronic

IRN Terascale , May 2018 Jezequel S. (LAPP) 5



LAPP Detector upgrade documentations

« 2017 : Technical Design Report
o Last optimisation of detectors

. Technology availability

. Physics performances

o Define detector baseline and list remaining options

x 2017-2019 : High Granularity Timing Detector :Letter Of Intent -~ TDR

+ 2020 : Software and Computing TDR

IRN Terascale , May 2018 Jezequel S. (LAPP)
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Itk

E 1400 ATLAS Simulation a5

+ Completly new tracker : T o200 @'ﬂ?ﬁi -
- 1000 —
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PU jets
S. J

Keep HS jet P_threshold at same level as Run2 (~30 GeV in forward direction)



c UAPP Itk (2)

T NI e Pixel TDR

B-ta |n -q:% 10* wg —2<]ﬂ]<2 .......................... _E

* Brlaguing Sy — ;
o Better perfomances than current Run2 100 TN i s =

E T~ .

o Extension to forward direction B |
oS5 bie 065 67 555 b =

b-jet efficiency

» Detector production : Interest of IN2P3 labs
e Mechanics and cooling
o Electronics : Sensor + Front End

e Stave equipment and qualification

IRN Terascale , May 2018 Jezequel S. (LAPP) 8
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High Granularity Timing Detector

+ Main motivation : Reinforce PU rejection T OO o rem T ATLAS Simatation Prefiminary ]
o Tracker : Separate vertices along z (c(z)~50 mm) & 400;_;’r“u::"z;'ﬁg‘igm‘;;‘?M ’ = _
—reject vertices distant in z 20:; s :

o HGTD : Separate vertices in time (o(t)~ 180 ps) _mé_ '. T _

_ reject vertices distant in time 400 HGTD TP -

(single track resolution : 30 ps) —eoo;- B T e — ':3

Pseudorapidity coverage 24 < n| <4.0
Thickness in z 75 mm (+50 mm moderator)
Position of active layers in z 3435 mm < z < 3485 mm
Radial extension:

Total 110 mm < R < 1000 mm

Active area 120 mm < R < 640 mm
Time resolution per track 30 ps
Number of hits per track:

24 < n] < 3.1 2

31 < nl <40 3
Pixel size 1.3% 1.3 mm’
Number of channels 3.54M
Active area 6.3 m’

Track z0 - z,,, [mm]

Peripheral E_.ndcap
on-detector calorimeter wall
electronics

@mzps
Les deux infinis

& cooling lines)

Back cover

IRN Terascale , May 2018
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c UAPP HGTD performances

PU Jet rejectlon Electron isolation
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LAr calorimeters

+ Objectives and challenges :

@

=]

@

=]

@

@

Electron-photon : Precise energy measurement and triggering

Improve trigger capability (handle finer granularity)

Increase electronic level of saturation

I I Layer Presampler Front Middle Back
Dynam|C galn || range <06 >06 <08 >08 <08 >08 <08 >08 £A1/ TDR
MIP values [MeV] — — 50 3 250 300 — —
pA GeV-! 0.84 267 316 267 316 267 316
Current electr. M
Preamp. max. current [mA] 1 1 5 10 5
Max. energy [GeV] 1190 375 317 1873 3165 1873 1582
Req. for HL-LHC
Max. current from 5TeV 7' [mA] <0.05 051 084 081 536 7.8 091 090
Max. current from jets [mA] ~ <0.05 023 057 078 §6.78 7.13 | 163 242
Max. from both [mA] <0.05 051 084 081 §6.78 786 163 242
w Electronic upgrade : Interest of IN2P3 labs
On detector : Full front-end + calibration boards
Off detector : Lar Signal Processor + backend for triggering
IRN Terascale , May 2018 Jezequel S. (LAPP) 11



LAPP Tile calorimeters

+ Objectives and challenges :

g 10  ATLAS Intemal
. . . . = - niermna
o Sustain higher radiation dose 2 "Dj Tile Calorimeter
3 10 HL—I:HC Vs=14 TeV
o Simplify readout g 10 =200
_ _ £ 10° Dijet 2 TeV
o Increase electronic saturation 3 107 Min bias
. 10°®
o Increase granularity 10
- . —-10
. PU mitigation Tile TDR 121
1{]-12 “ TN TR N N NN TR SN N S N B “m.ﬂ.dl].ﬂﬂ]ﬂﬂﬂﬂ >(103
0 500 1000 1500 2000

E . IMeVl
Current electronic :
Saturation: 1.2-1.5 TeV

+ Electronic upgrade: Interest of IN2P3 lab
o Remote HV power-supply and update distribution among dynode
o Change front-end readout

o Upgrade of calibration laser system

IRN Terascale , May 2018 Jezequel S. (LAPP)
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HL-LHC Physics potential

IRN Terascale , May 2018 Jezequel S. (LAPP)
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 CAPP Physics performance computations

» Limitations :
o Not enough computing resources and software sofistication to make detailed
projection

e Not enough expert manpower to run full Run2-like analysis

+ Approaches : @

o Extrapolate Run2 results to 3000 fb-1 @ 14 TeV
. Pros : Fully benefit from Run-2 optimised tools
. Cons : Do not take into account benefit from Upgraded detectors and
degradation from PU
— Assumption : Benefit compensates degradation
e Convolute ‘smearing’ functions of particles response with truth-level samples
. Pros/Cons : Opposite to ‘Extrapolation’
— Choice depends on channel study

IRN Strasbourg , May 2018 Jezequel S. (LAPP) 14



c UAPP Higgs coupling to fermion/bosons

+ HL-LHC : Reach the precision regime for Higgs — Sensitivity to new physics

Signal strength precision
U=0C/G,,:
from few % level to 10-20 %

\s =14 TeV: |Ldt=300 fb" ; |Ldt=3000 fb

H—yy  (comb.) %

H—s> ZZ (comb.) @
‘ | £ fb™ . Current published precision ~ 300 fb* extrapolation

H— WW (comb.) @
. - it | SN N from RunL (Stat N Syst.)

— Extrapolation to be redone from Run2

IRlunli » Based on extrapolation from Run2 data (36 fb*)

Rzunzj e Stick to Run2 acceptance

Hobb (comb)

- Syst. exp./theory have to be adressed

H—stt (VBF-like)

e VBF precision conservative : Gain from ItkiHGTD

H—up  (comb.)

0 02 04 extension not included

ATL-PUB-PHYS-2014-016 "
+

Run-1/Run-2 publications
IKN lerascale , IViay 20138 Jezequel S. (LAPP) 15




< CAPP Higgs self-coupling

+ HL-LHC : First opportunity to study Higgs self-coupling through HH production

.H OO0 ——-H
H -
%"’\AT{H}I [ | A t Kt
S H Q90

meaue ] CoONtext:
S Svtsonpreminay  MSnaen e 120 k HH events produced
E IITNRODT e e High background (bbbb, bbtt) or low B.R. (bbyy)
5 Channel ATLAS
ATLAS bbyy: - HH- bbbb | —4.1<\. . /A <87 @95% C.L
TDR Pixel 1 Dl hey< 8.7 @95 % C.L.
Pob"1'65"1‘1'6"1'1"5"iéb"1'5'5"1'3'6"1'35"1'46"1‘?2 i HH - bbrtrt 0.6 o
’ —4.0 <A, [hg, < 12.0 @95 % C.L.
3510”; - :lTLAS II-"‘re]Iin:lin;lr)‘( é“@ullmml -
%1 - (oo Lo eM non-resonant HH HH - bb'Y’y 1506
81 0.2 <k /he, < 6.9 @95 % C.L.
10 (stat only)
10°
tt(HH - bbbb 0.35
ATLAS 4b ( ) ©

ATL-PHYS-PUB-2016-024

o * HH- bbyy: Naive extrapolation to HE-LHC

m,; [GeV]




cCAPP Other Higgs topics

CMS i ATLAS |  LHCb

Couplings Studiesé vvik Vv ok szp_s

Differential
CrossSections vk vk
Width v
CPV vk v
Rare Decays ' MM,CC 2v,J/py,FCNC Hcc/Hbb
HMH;PY.CC -
LFV; Invisible, : Qlyugggs

Exotic Decays

DarkSusy; 4jets :

DiHiggs Vv ik vv ok ®|N2_P_3

. : A->Zh, high mass | pp, ZZ, A->Zh,
Additional Soalarsé rT, low mass yy | T, WW A

Legend: Past Studies, 2017 TDRs, Wishlist for 2018

Detailed presentation from J. Stark

IRN Terascale , May 2018 Jezequel S. (LAPP)
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c UAPP Search for new Physics : High mass

* Statistically limited

* Calorimeter linearity critical

E E T | T 1T ‘ L ‘ T T TT | LI | LI ‘ T TT | T T TT ‘ 1T \:
m% o ATLAS Internal -+ Expected limit _]
o {s = 14 TeV, 3000 fb’* B Expected+ 16 = mz =2TeV (o x50)
102 B 7 —ee Expected+ 26 <= 14 TeV m. =3 TeV (o x 50)
=~ - -7 E Vs = e B ff (truth m_< 1.1 TeV)
- <u> =200 > 7 J‘ p B < (truth mg> 1.1Tev)
10°% = - L = 3000 fb ) weiets
: LAY TDR A [ singte top
B 7 ’ I z+jets
10*427 = Z — tt
o § Tile TDR
109 7’ -
= 2% - ee 3
1077_.‘..|‘..‘|‘H.m.igﬂ. I | [
25 3 35 4 45 5 55 6 65 7 75
M, [TeV]

4.4 TeV (36 fb?) - 6.3 TeV (3000 fbY) 3 TeV (300 fb) — 4 TeV (3000 fb)

IRN Terascale , May 2018 Jezequel S. (LAPP)



c UAPP Susy : Long Lived Particles

displaced

o hergec HSCP dilepton B lepton
—— any charge MW quark
photon
W anything
disappearing displaced
[ ¥ . ' track 4 lepton
» Great discovery potential: many NP models predict LLPs Py
» - small couplings: RPV decays, dark sector coupling o
) small mass-splittings: degenerate next-LSP ‘7
\ , displaced ' .".‘ displaced
) heavy messengers, split SUSY, hidden valley i " phoon
1 v Not pictured:
displaced A 4 displaced out of time decays
@D J. Antoreli LLPForur\:en?A)éyTZ,zmﬁ canversion 3

q) _I T T T | T T T T I L T | T T T T T T T T I T T T 7T I T T T T T T T I_ >‘ 17 - | — . | —r — ‘ —r — | . — : | 3 — . | ; e s |7
O — . . 1 — 3
E 1'4: ATLAS Simulation a ? 0.9F-ATLAS Simulation Preliminary Tile Cal =
o3 - my=2TeV,m,=100GeV,T.=1ns N, 27 = G F s=13Tev lle Cal. 1
g 1.2~ % P g ] = 0.8BF-(m,, m) = (125, 25) GeV A-Layer -
< 1: . 2 0.73— 0« {u=10 "" —E
Z'_E mﬁ—o——.—_._ —&— Tk Inclined Duals 7 g E_ v 10 < ; 20 36@&& 3
Mo o F- = OO o ==<3-- [Tk Inclined Duals (w/ material) g 0.6 E 5 S W < 30 *4‘.1 ..* =

0.8 R . S —#— ATLASRun2 ] S 055 o 30¢ a0 5 a E

C --{3-- ATLAS Run 2 (w/ material) ] Lt - 1 R

0.6 il — 04F N ) =

C ) N 0_3;‘2—/1[8 TDR 8 =
04-Pixel TDR =+ E ] o E

C -_E}-_- :8::8: ] - i ara & E

02 2= E 0.1 A

) P RPN AR R . - -0V BTN e o PR OD: el L | SSessceBRsand

100 200 300 400 500 600 700 800 500 1000 1500 2000 2500 3000 3500

R-hadron Decay Radius [mm] Ly [mm]

IRN Terascale , May 2018 Jezequel S. (LAPP) 19
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7 [ps]

Susy LLP : Disappearing tracks

m (%f) ~m 6610)

ATLAS Simulation Pyliminary

Pixels IBL

Pixel TDR

ATLAS Simulation
ITk Inclined Duals, (u) = 200

Tracks + Tracklets
Tracks
Tracklets

Tracks, Run 2
------ Tracklets, Run 2

Pure wino LSP scenario, Inl <2.2_|

------ Tracks + Tracklets, Run 2

%, %, 7, %, production, tanp = 5, 11 > 0 Pure Wino & 1_17”'7”' 77777777
103__||||||||||||||||||||v|||v||||||__ QC) L
- ATLAS Simulation . © -
T fs=14TeV, L = 3000 fb”! 7 = B
- ’ — L —
I All limits at 95% CL — c 08_
S i .-‘
................. s [
...................................................... A f— !
= 06 i H
5 i {
102 0 !
Q r H
o 0.4 !
I
d
Expected limit (+1c,,) 0.2 L
- Theory . g
Run 2 observed limit E &
C 11 1 1 l ) T — I ) I l 1 1 11 I 1 1 11 l ) I I — I ) I T — ]
100 200 300 400 500 600 700 800

m(x,) [GeV]

200

Y Ll | P
400 600 800 1000

Chargino decay radius [mm]

20
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c UAPP Standard Model : Vector boson scattering

Amplitude " p
/ w/o Higgs i
unitarity . "
bound | , "
w/ Higgs
E
tagging jet (4)
W Z+)) @'ﬂf!ﬁ
tagging jet (3)
ATL-PHYS-PUB-2013-006

é 'ATLAS Simulation IIDreIin"mary . VBS WZ (SM)
0 J—L:SOOOTD" ___SMVBSWZ + -
. fry=1.0Tev* 3
WEW= + ) [ vBswz sm) 3
) 250F- SMWZ QcD 3
Pixe [ T@ R E 200F- =
g 1502— é
. . 100F- 3
Without forward tracking 4.5% L1560  OF Z

With forward tracking 3.9% 06 07 0809 i

CERN-LHCC-2017-005 Jezequel S. (LAPP) 21
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< CAPP CERN Yellow Report

+ Common document ‘LHC experiments + theorists’
+« Previous publications (2013-2014) based on Runl analysis methods
— Expect significant gain applying improved Run2 algorithms
-~ Exp/theo systematics more critical
. Many improvements in analysis performance and systematic reduction

developed in last 10 years — should continue over coming 20 years

« Also adressing HE-LHC potential :
e 15abt @ 27 TeV (LHC tunnel with 16 T magnets)

o Extension of 14 TeV analysis assuming same detector performances

x Timescale:
o EXxperiment PUB notes : End summer 2018
o CERN YR : End autumn 2018

IRN Terascale , May 2018 Jezequel S. (LAPP)
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c UAPP Conclusion

HL-LHC program : Both discovery and precision machine

« Detector upgrades :
e Most TDRs published : Baseline layouts defined but few remaining options still
o Enter in Memorandom of Understand negociation for commitments in
construction/qualification
o Construction program (2018-2025) :
. Involving physicists and engineers in all ATLAS-IN2P3 labs

Opportunity to improve expertise in new technologies implemented in large detectors
+xPhysics potential :

<End 2018 : CERN Yellow Report (including HE-LHC) with better precision
oStill opportunities for improvements thanks to new ideas/algorithms (ex : H- cc)

HL-LHC program : Rich physics program for coming 20 years

IRN Terascale , May 2018 Jezequel S. (LAPP) 23
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Backup

IRN Terascale , May 2018

Jezequel S. (LAPP)
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c UAPP Displaced vertices

3612.0
ID end-plate

e ITK | Run-2 —

€ 1400-ATLAS Simulation S 10 .y
o _ ITk Inclined Y ———— = PPF
12001 n=10 - -
— A1086.0 i 88,0 PPE1 Fa [N
1000 - = I i Ll =20
- - i l‘ dtcap)
800 19 |TRT(barrel) P ThT gadrcap} Cryostat
B Strlps / ,g — 1 R G i R R A A T
600 = / O o0 ) A S0, 0 | |=25
Phase- - = © o f | Pixel Las
SR = 4007 b R - | - B <tendioap) oo 'S upnort tuke
parre! - LRixelyy L LI B et A besi »
runp 200 TS T L T T O O - e A i
pixel LA R § w4 v \1' | : ggg —_P-i-x-e_i—-_— I J| s
barrel 0 et e e e MR R ST BRI ISR I oad il
0 500 1000 1500 2000 2500 80 L R TE E U 2 ()
777777 z|mmg
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Calorimeters-backup

CMS ee+up

Frafimingry

CMS ec 196"

Frafiminan

CMS ppu 188 1b"

Prafminary

LHCb pp 3 fb”

ATLAS ee+up 4.8 b

DDee8.71b’

CDF ee+up 9.4 ™
SLD: A,

LEP + SLD: A7y

LEP + SLD

SMP-16-007

0.23101 = 0.00052

0.23056 = 0.00086

0.23125 = 0.00060

0.23142 + 0.00106

0.23080 = 0.00120

0.23147 = 0.00047

0.23221 + 0.00046

0.23098 = 0.00026
0.23221 = 0.00029
—— 0.23153 = 0.00016
U.I23 U.ZI‘.]'I U.2I32 0.233
si n2l£l'l;'},':'1t

e Strong consistency test of the SM in
global EWK fits

y ASIiNPBw = 16e® <= Amw =8 MeV

e LEP/SLD discrepancy mandates
further investigation

FB

CFy_ 2428

: ct14 NNLO Error

<10.015— asinco,, = 40x10*

Experimental sensitivity

0.01 o !

0.005

RN TR

-0.005

60 80 100 120 140 160 180 200
Mee GeV

IRN Terascale , May 2018
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Itk-backup

3 —
-5 10 III‘-I'- I‘llﬁl J.IllI :_II[ LTI T T T T T TTT | I § >
-'6' ATLAY narauorn ()]
D O]
Ty [ T A\/+F HAN
o Vs=14"TeV, tt, xuis=2001 iy 'E'
3 min — 1<hyi<2 B
(&) wiIve - —
— 2<Ini<3 ;
102 \ — 3<nl<4
; mi<2:5
NN A ;
N N Ca RUN 2 (k2.5
‘\K\\
.......... \‘\
\% :
RN
e
B .\
| 1 AP | i \\\
menrncuuudis ) :
BO*R0) 2
UTOU M mn
1 L1l 1111 1111 1111 1111 1111 1111 L1l | 111
0.55 0.6 065 0.7 0.75 0.8 085 09 095 1
b-jet efficiency
}2 I L L B B L L B B Y BN L B L
= - \s=14TeV, < p > =200 ATLAS Simulation -
> 10*E Tk Inclined Duals <15 =
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c E E
il i &
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1 1 IIIIII|
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IRN Terascale , May 2018
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0.85 09 0.9 1

Efficiency for hard-scatter jets

:I LI I L | L | L I L L L B | | T T1T°T I:
455 ATLAS Simulation —4—
45_ /s = 14 TeV, 3000 fb” E
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E —— —o— H —>4p, ITk 7
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CUAPP

Had-had accelerator parameters

parameter FCC-hh HE-LHC (HL) LHC
collision energy cms [TeV] 100 27 14
dipole field [T] 16 16 8.33
circumference [km] 100 27 27
straight section length [m] 1400 528 528
#IP 2 main & 2 2&2 2&2
beam current [A] 0.5 1.12 (1.12) 0.58
bunch intensity [107] 1 1(0.2) 2.2 (0.44) (2.2) 1.15
bunch spacing [ns] 25 25 (5) 25 (5) 25
rms bunch length [cm] 7.55 7.55 (8.1) 7.55
peak luminosity [103¢ cm2s] 5 30 25 (5) 1
events/bunch crossing 170 1k (200) ~800 (160) (139) 27
stored energy/beam [GJ] 8.4 1.3 (0.7) 0.36
beta* [m] 1.1-0.3 0.25 (0.20) 0.55
norm. emittance [um] 2.2 (0.4) 2.5 (0.5) (2.5) 3.75

IRN Terascale , May 2018

Jezequel S. (LAPP)
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