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Introduction

CMS@LHC => Very nlce detector performances and [swowa | T sotca | swnceiod | supersymmetry | Higgs | Top Physics
physics results, Higgs dlscover){](! but also many Hesey oo | 5 Phymn ] Forard Pryses
more measurements and searches.

Total 752

140+

Future of LHC => HL-LHC :

. Uﬁ to 3000 fb-1 but with the price of huge pileup (PU), a big |
challenge,

. ulogrades of detectors are crucial, mana%ing large PU but =
also getting beyond (larger acceptance, timing layer etc...)

100+

60 -

What are the physics motivations for HL-LHC :
Searches for new particles (high mass + rare ;
processes). st

Higgs boson : properties (such as CP, see talk V.Cherepanov) and rare
production/decays (see talk of R.Salerno).

Probing the SM :

* precision measurements,
* rare processes and couplings,

« probe SM in every corner of the phase space (diff cross sections, asymmetries, properties etc...),
=» indirect searches and EFTs !

Focusing here on IPHC activities/interests ’



LHC / HL-LHC Plan

HL-LHC IPHC
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Requirements for the phase 2 IPHC
CMS detector

° Challenges . Detector,
« high inst. luminosity (5-7.5 1034cm2s-")=> pileup (140-200), take dgt;
- high integrated lumi (3-4 ab-') => high irradiation, i
« computing : reconstruction and storage of the data.

. Reqwrements of the CMS Phase2 upgrade : .';?;‘,i'l”e“‘;ee
maintain (or even improve) the current performances during the 12.5 us
entire HL-LHC,

« detectors need to resist to large radiation,
« handle large number of pile-up events, software

* maintain acquisition rate to a manageable level. 7.5 KHz

CMS Experiment at the LHC, CERN ¢
Datarecorded: 2016-Oct-14 09:33:30,044032 GME
Run / Event 7LS: 283171 /95092595 7 195

— dedicated high pileup run in 2016
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CMS Phase 2 upgrades

L1 Trigger — HLT - DAQ A
» track information at L1 at 40 MHz Barrel EM Calorimeter m
* latency 3.2 us -> 12.5 ps « crystal granularity read-out at 40 MHz

* HLT input 100 kHz -> 750 kHiz « 30 ps ely TOF resolution at 30 GeV

Muon system 'LPNQM%&

* DT & CSC FE/BE new read-out
, * new GEM/RPC 1.6 <|n| <24
* GEM coverage up to |n| = 2.9

P (ipHc\ 4

new Tracker

» track-trigger at 40 MHz
* increased granularity

« extended acc. to |n| < 4 ﬁ
new MIP Timing Detector %

» Barrel layer: crystal + SiPM

) * Endcap layer: |n|<3

new Endca? Ca!orlmeters “" Low Gain Avalanche Diodes

* SiW - Scint-SiPM/SS « 30 ps TOF resolution

* 4D shower topology :
30 ps TOF resolution




CMS-TDR-014

Tracker upgrade

« with 2 strip sensors (2S).

Tracker Barrel “PS”
oth PS and 2S).

Tracker Barrel “2S”

_ (TBZS)b
(TBPS) and disks (

IPHC
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Entirely new design, with reduced material budget.
Inner tracker equipped with pixels, “stub — pass fail
(LT
Outer tracker contains “p+ modules” : 1*4”""{ OB
« fast estimation of track p, used at L1 trigger, d BERERRRLD
« with 1 pixel-1 strip sensors (PS), . > 57'00/””



Tracker Upgrade @IPHC IPHC
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 CMS upgrade projects at IPHC : contributions to the new tracker.
« Development of firmware and software for the DAQ (inner tracker).

 Participation to the construction of TB2S :

 integration of modules into ladders => for 50% of the ladders,
« R&D and production of supports of the wheel,

« assembly of the wheel (including production of the mechanicals pieces required for assembly).

wheel

~4500 2S modules 377 ladders
module ladder | 4 -
%\6
o

A

« Construction of a test beam facilil’gl at IPHC : beam line (added to the CYRCé
u

cyclotron) and a mini-telescope. Purpose : test module performances at high
particle rates.

. tBen?(fit a lot from the expertise gained during the construction of the current
racker:

» Phase 1 pixel (DAQ) and construction of the endcap strip detector (TEC),
« transmission of knowledge and expertise ongoing ! !



Some examples of HL-LHC
prospective analyses,
for direct and indirect searches

(a biased discussion)



Physics performance iy
direct search in SUSY g

CMS-TDR-019 .
w
« Search for EWKinos élower cross section compared to CMS  bobmes Prsce 1 Simaaton 'S "
strong production of SUSY particles) with final same sign L e e R Aiiaanas ’
dilepton states. pp — HF — W' R W' E; S o
10° BR(X; X8 — W*W*) = 25% P !
m(:) - m(X% =1 GeV wE

..... Exp., m()_(_ﬁ‘) =250 GeV
........ Exp., m(i?) =150 GeV
[ Expected = 1 s.d.
[ ] Expected = 2 s.d.

I Theoretical oy o,

-
@]
w

T II|I|II| T IIIIIIII T TTTT

* Challenging : relatively low masses and low p+ spectra =>
large Sﬁl I:?ackgroungl. e

T IIHII

* Use my as a discriminating variable. For a Br of 25%, the
limits on neutralino ¥2 and chargino 75 masses can
reach the TeV scale.

Illlll| 1 IlIHIIl | lIIIlIII 1|

-
o

T TTTIT

—

LI I|IIII|

95% CL limit on o(pp — X3 X2 = W*W?) [fb]
2

CMS Simulation, Vs = 14 TeV, L = 3000 fb"'

_1 ||||I||||I||||I||||I||||I||||||||||||||||||||||||
10450 500 550 600 650 700 750 800 850 900 950

W(lv) + jets m@2) = m() [GeV]
— Phase |, <PU>=0

— Phase |, <PU>=140

— Phase Il Conf3, <PU>=140
— Phase Il Conf4, <PU>=140

q

« Background studies for the search of DM in VBF.

Events / 20 GeV
=)

* New tracker geometrg (Phase Il Conf42 improves
a

108 ; L e 4 L
- very significantly the background rejection (here
\(/3V+J%§% compared to the current geometry (Phase ||
onf3).

q

107

ST TT T TT : -  TTTTT IO » Effects on missing H; presented here.
0 50 100 150 200 250 300 350 400 450 500 CMS-FTR-13-014 9
Hr (GeV)




Effective Field Theory

IPHC
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New vertices can arise from the contributions of new particles

“living at the loop level”.

X — c c
X V4 V4

If the new particles are heavy enough => modelling of the loop by a new

interaction vertex.

Wilson coefficients
(complex number)

N

Energy scale
of new physics

ZAZOGI

Higher order are neglected

Z A4081~ Z%Olo,m +

N\

Dimension-6
gauge invariant

operators
10




Physics performance

SM and EFT IPH
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F.Déliot Franc * Measurements of Higgs production and Higgs in
’ IB%%L:'?SQ..,,MV%ZQ&%sm;:,(:?; association with tops can be combined to
5 T e SR ) constrains dim-6 operators.
T 107 LEP i1
= s g
5 102k TEVATRON i é%
¥ 3 » Comparisons of run | measurements with
10k ; I expectations at HL-LHC.
10°k bt current HL-LHC
projections |
L AL L Bt B I N e I R e SRR B R AIULY SRUEUSRy T “"':_
1 — . « Several SM measurements (in particular in Higgs
ot i and top sector) can be combined to constrain
1 ] EFT.
Tk i iz
T e ot gt 0% a0 0% 0k 0 + Large statistic => test EFT in different regions of
PR A BRl= the phase space (differential cross sections
helps !).
. ﬁea;chlfgr top- u_arIEI;[Ig\(/Xg; Changing | - JHEP10(2016)123
eutra urrent in . " | LHC curren pp-ttH | HL—LHC 3000 fb!
pp-ttH
. . . . . = 1f 1= L pp~H
« Couplings investigated in top quark physics L L pp-Hi
t—->Hq,t—>Zq,t—> ggandt - yq. G £ o
S L S
* HL-LHC projections => large improvements , ,
expected, in particular on top-higgs couplings. i !
15 -10 -5 0 5 10 15  -15 -10 -5 0 5 10 15
Ci/A*[TeV2] Ciy/A*[TeV2]

11



Conclusion IPHC
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The HL-LHC provides great opportunities to push
fohrward the limits of the SM, and to search for news
physics.

Might be particularly relevant for the searches of
rare processes and for probing the SM on every
corner of the "phase space”.

IPHC involved in Higgs, SUSY and top quark
Ph[ysms => pursue and extend these topics in the
uture.

BOLDLY GO
;I;g) I:)eé(gtljogtgfgl e’[Q”e HL-LHC data, the detectors have B WHEHE E8N¥AN

| |
Upgrade activities started years ago, and continue BEFORE- i e
to ramp-up ! ; ot oy Wit

CMS group of IPHC fully on-board!
Very exiting time head ! 12
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track resolution vs n |p||c
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CMS Simulation CMS Simulation

1 I I..L._{...l..J...l..J...}..J_._l.__L..l...|.._J.__L..J l{ lJ lJ } LJ LJ_}.J 1T l+ LN FTTT | T | T T | T 1T | T T | T T L T T

~ Simulated muons

p _10GeV

- Simulated muUoONs - .
p = 10 GeV ----- | e -

T

° Phase 1 tracker

o0d) [cm]

. - Phase 1 tracker --------------- . | | |
i A Phase-2 tracker i ~ 4 Phase-2tracker |

©107

T TrTT

L1 | L1l | L1l | | | L1 | L1l | | l | |III||III|IIII|IIII|IIII|IIII|III 1 | IIII
4 3 2 -1 0 1 2 3 4 4 3 2 -1 0 1 2 3 4
Simulated trackn Simulated trackn

improved resolution and extended n range with Phase 2 pixel

(here same interactive tracking as current, adapted to Phase Tracker geometry)

14 Here and next slides from D.Bloch link



track and fake efficiency vs pr /iPHC
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CMS Phase-2 Simulation 14 TeV CMS Phase-2 Simulation 14 TeV
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Tracking efficiency

Trac
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 —e—<PU>=140
| ——<PU>=200 0.041#

0.0 v

Tracks from ft events
ld | <3.5cm 5

0.02 =™

1 —1 2 2
° Sirr11ulated tra1cq< o (Ge\}§) Reconsjcructed tra1(9< P, (Ge\}g

track reconstruction efficiency > 90% for p; > 1 GeV
fake rate < 2% (4%) at 140 (200) PU for p; within 1-100 GeV

15



track efficiency in jet core

Tracking efficiency

CMS Simulation_

>! I I T

T T T | T T | T T I‘k T |r,L>

T T T T T T T T T T T T T

R

e Phase-1tracker
Ao Phase-2 tracker
QCD jets,noPU
3TeV< p, < 3.5TeV

1072

107"

IPHC
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improved tracking in jet core thanks to better tracker granularity
important for high pt jets and boosted objects measurements !
16



Primary Vertex efficiency |p||c
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CMS Phase-2 Simulation 14 TeV CMS Phase-2 Simulation 14 TeV
O 1-2¥!!!!!!!! R w3001 1 trT
ol C i —e=<PU>=140 ] 8 = —— <PU>=140 .
= - ~— <PU> = 200 B e —— <PU>=200 .
> 1 S o | :
o) i Vertlces fromtevents : = i Vertices from t events |
g 0.8 a R 3200/ -
L ()
i o 8
0.6/ |
0.4- 100 .
0.2~ : :
0—3 P 107" 100 150 200 250
Closest distance in z [cm1] Simulated interactions

good PV reco. efficiency: linear dependence as a function of pileup
in the absence of timing info: PV merging rate significant for |Az| < 300 um

17
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Muon system

IPH
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+ DT and RPC: new readout with improved z and time precision

+  CSC forward: new readout at high bandwidth
. forward extension: new stations GEM, RPC at |n| < 2.4

In|=2.9
n 01 02 03 0.4 05 0.6 07 0.8 0.9 1.0 1.1
6° 843° 786° 73.1° 67.7° 625 57.5° 52.8°  484° 44.3° 40.4° 36.8° n e
‘ oo N N : N : - | 12 335
DTs
1 CSCs
M RPCs | 1.3 305°
B GEMs
l M iRPCs
8 o |14 21.7°
w |
= 15 252°
| I | 16 228°
|17 207°
~ 1.8 18.8°
| 19 17.0°
"'j Solenoid magnet | 20 15.4°
— |21 14.0°
C | 22 126°
: | 23 11.5°
HCAL - 24 104°
— 25 94°
_§£‘§L-_ |
e s I 30 57
| silicon : - @
| tracker Station 3 Station 4 I B
- Station 1 _1 40 2.1°
\\l\‘\_‘.'.\.“‘. i " e fpisipradeseay L-—-su-:--;:----—:—'-ssa—---l " 5.0 0.77°
0 1 2 3 4 5 6 7 8 9 10 1 12 z (m)

and new GEM MEQO (for trigger) within 2.4 <

CMS Phase-2 Simulation

(>J, 1.2 : T T T T I T T T T I T T T T | T T T T I T T T T I T T :
c - Ziy* — U, Py > 5 GeV =
-g 1.15 ® Phase2 <PU> =0, {5 =14 TeV =
q - + Phase-2 <PU> =140, {s = 14 TeV 3
w11 B Phase-2 <PU> =200, s = 14 TeV —
S - A Phase-1<PU>=35, {s=13TeV 5
= - .
R
o - -
(o] C ]
— 095 —
0.9F -
0.85 —
0.8 —
0.75 —
: 1 1 1 1 I L 1 1 L I 1 1 1 1 I 1 1 1 1 I L 1 1 L I L 1 :

0‘70 05 1 15 2 25
Muon n|

excellent muon reconstruction
efficiency up to In| < 2.9
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physics benefit

k-trigger allows improved L1 muon turn-on and much reduced rate

PU =140, 14 TeV

PU =140, 14 TeV

> - : —
Y [ CMSPhasell Simulation.............icocco.. —— —— 3
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o - i
B : [J)] i < Inl<1.1(Q=4)
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MIP Timing Detector IPH

Institut Plundbsa I|na| re

30 ps time of flight resolution for charged particles within |n| < 3.0
within Tracker Support Tube
« thin crystals (Lyso) 11x11 mm? + SiPM 4x4 mm?, ~250k channels, 40 m?
in front of High Granularity Calorimeter
« Si sensors with gain (LGAD) 1x3 mm? pads, ~250k channels, 12 m?

MTD d eSIg n Ove rVI eW TBK/AEEELEWI‘;rface ~ 25 mm thick

Surface ~40 m?
Radiation level ~2x10™ n, /cm

CMS Sensors: LYSO crystals + SlPMs
s

ENDCAPS

On the CE nose  ~ 42 mm thick
Surface ~12m?

Radiation level ~2x10"5 N, /cm?
Sensors: Si with internal gain (LGAD)

e Thin layer between tracker and calorimeters
e MIP sensitivity with time resolution of ~30 ps
20 e Hermetic coverage for |n|<3




precision timing at HL-LHC ('puc
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CMS Simulation <u> =200 CMS- Dp 2016-008  4sBouRG

’g Simulated Vertices I
~ 3D Reconstructed Vertices
- 06 —=&—— 4D Reconstructed Vertices
—+—— 4D Tracks
0.4_—
0.2f= : :
T i:::’?::::::';::f :m
Beamspot RMS At °::::§:*?3::::.’5:':: Al
Boan, 1 e o
2 —0.2_— e . * .*’
o~5cm - ¢ I
o=190ps it eI B S
- Beamspot RMS Az — z (cm)

* pileup vertices spread along beam direction and time:
P P P 9 CMS S/mulat/on prellm/nary 13 TeV

e 40r
precision timing for charged and neutral 5 :
—  35f zZpp event tracks
. . . © C
particles will be a key to reduce pileup S af T >0.9 GeV, hi<4.0.

L 7 - No timing, PU=200
contamination 3 o :wﬁ:m::g A0 PU20
.. . C £w/ Timing Inl< =
» track timing (c,~30 ps) will allow 3 pb. g TW/Timing i<t.5, PU=200

4D (space+time) vertex reconstruction 2 E HL'LHC : oo I\
- - @ 15 LHC J
* X 4-5 reduction of vertex merging rate B E . ,
. . u— 10¢ 1 ' ® v
and number of pileup tracks associated i 5; | R o
. o ] u D
to the signal PV gﬁg%i ; i A qa A
% 02040608 1 1.21.41.61.8 2
Density (events/mm)
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> prEpE > > [T

S [ CMS Pnase-2 Simulation w5 2l . S, 9: GMS Phase-2 Simulation ]
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.......... = PU=200 no MTD- = PU=200 no MTD-- - Endcap 1.5<n| <3.0 ]

+ PU=200 vith MTD : « PU=200 with MTD 0.6 ]

-3 : 3 ) B - -

10 T 0 Bl SR U 8240 "'|r1|i1|r|[1|r1:| 10 ¥ A% 0 T 8 ] A 0 W A 0 W S S0 W s CL. L L L L

04 05 06 07 08 09 1 04 05 06 07 08 09 1 0 05 1 15 2
b-jet efficiency b-jet efficiency PU density (events / mm)

with timing information, b-tagging performance improves
and is moderately sensitive to the high pileup conditions
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object performance: MET |p||c
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CMS Phase-2 Simulation preliminary ~ PU = 200 CMS Phase-2 Simulation preliminary ~ PU =200
—_— [T T T T ‘ T T T T l T T T T | T T T T ‘ ] ‘_/'\ [ T T T T T T T T T T T T T T T T T T T T
> B ] ' B i
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S | . MDD . o 10 ¢ ___MTD =
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s 35 I A = 10 = =
= Coo 1 __L—F’* ] > - 3
3_|30:— I ?___-— %ﬁ_,ﬁ-—r*——_ g 4: ]
~—" C I ______ 7 -
- P S ] o 10 & =
© o5 ;-==T§;; } —— + : — N E s
| - © - ]
! ! ~7 1 € T ]
20 L = S 107 =
C ///I _ =7 Z = E
15 - I 3 C 3
55 /// L I/ ] -8 g E
- -7 7 ! B c °c E
C s o ] 1 0% egge by — [ — ——— —— —
0 7I . 1 I | ‘ | | | I [ | | | | | 1 | | | ‘ : 0 = 1 1 1 I 7
0 0.5 1 1.5 2 0 50 100 150 200
Line density (events/mm) IuIl
(a) MET Resolution (b) MET Tails

15% improvement in MET resolution,
> 30% reduction in tail (will reduce background for BSM searches)
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High Granularity endcap
Z Calorimeter IPHC

I<

4D shower topology with timing resolution ~30 ps

+ electromagnetic calo: 28 layers Silicon/W-Pb (26 X,- 1.7 A)

* hadronic calo: 8 layers Si + 16 mixed Si-Scintillators tiles
within stainless still absorber (9 A)

= 6 million Silicon channels

% — 600 m2 = 3x CMS Tracker
— hexagonal silicon sensors

% — 100/200/300um thick
= mixed layers in hadronic part

— 500 m? plastic scintillator
— SiPM-on-tile readout
\7 NN = operation at -30°C
! — with COf(cooIing to mitigate increase

NANNN g
ANN

of Si leakage current after irradiation
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