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Physics Beyond the (current) LHC
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High Lumi-LHC: x100 LHC data at TeV scale
* Measure Higgs properties in detail

* Probe rare SM processes

* Search for new physics: none @LHC yet!
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From the LHC to the HL-LHC
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Challenges from HL-LHC
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HL-LHC Upgrade: Objectives

Replace components:
— parts too damaged by the time of HL-LHC
— parts that will not survive HL-LHC environment

Extend coverage:
— tracker, muon extension etc.

Improve function:
— higher granularity pixels, endcap cal; L1 tracking etc.

New detector(s):

— Fast timing layer
Increase bandwith:
— trigger & DAQ



HL-LHC Upgrade: Overview

Trigger/HLT/DAQ
* Track information at L1-Trigger

* L1-Trigger: 12.5 us latency - output 750 kHz
* HLT output =7.5 kHz

Barrel EM calorimeter
* Replace FE/BE electronics
* Lower operating temperature (8°)

Muon systems
* Replace DT & CSC FE/BE
. electronics
[/ = Complete RPC coverage in
/ region 1.5<n<2.4

N tagging 2.4<n<3

* Rad. tolerant - high granu

* 3D capability |
+Timing layer Replace Tracker Radiation tolerant; high granularity
(outside tracking volume) * Extend |n| coverage up to 4
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Tracker Upgrade: Pixel
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* Increased coverage w/ more disks:
*|n|~2.5> |n|~4

 Radiation hardness w/ thinner pixels:
¢ 285um = 150um

* Improved resolution w/ smaller pixels:

* also maintains occupancy ~ 0.1%

* Reduced material budget
Yangyang Cheng | CMS Upgrade@LLP



Tracker Upgrade: OT & L1 Track Trigger
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For more on LLP prospects w/ L1 Track Trigger, see
Yuri Gershtein’s talk later today!
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Tracking efficiency

Tracker Upgrade: Performance

Tracking

performance with
increased coverage
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Tracker Upgrade: LLP Prospects

« Heavy stable charged particles (e.g. split SUSY): high dE/dx in silicon sensor
* Phase2 inner pixel has analogue readout:
* 4 (maybe more?) bit time-over-threshold info provides good resolution
* Phase2 outer tracker has digital readout + dedicated overthreshold bit (HIP flag)
with programmable threshold (currently set at 1.4MIP)
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o "L ) ) .
.E i CMS Phase-2 Simufation ; 10:_0M5 Phase.2 Simulation
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Calorimetry Upgrade: Barrel

* The crystals in the ECAL will be kept for duration of LHC
o (o]n) * The FE & BE electronics will be replaced for more
?«Eﬁ precise timing, useful in both pile-up mitigation and
searches for new physics
* Target (hardware fundamental limit): ~30ps for E >
~30GeV (1/10 of current limit)

* Current studies on HCAL Barrel radiation damage suggest
no need for replacement at HL-LHC: pending further study
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Calorimetry Upgrade: Endcap

:{fj o %= e EM Endcap: Pb/W/Cu + Si

1,] < * Front Hadronic endcap: SS + Si
||\ *Backing Hadronic endcap: brass + plastic
|| s e Hexogonal silicon sensors

* 100/200/300um thick: per radius
* CO2 cooling to operate at -30C to
minimize radiation damage

Leakage current @ 1000V

| Scales apphod 1o pod vaue
Quard ring: 1802

Fad | (mouse blte}: 1081
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| [NA]

gl [N
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The endcap calorimeter will be replaced with a silicon-
based calorimeter:

* high granularity and 3D imaging to help mitigate PU

* Fast signal collection (<10ns) and fast timing capability
(few tens of ps)

- 4D info in space-time to reconstruct showers

10/20/2017 Yangyang Cheng | CMS Upgrade@LLP 12




Calorimetry Upgrade: Performance

14 TeV, 200 PU
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HL-LHC Upgrade: Muon System
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Loose Muon Efficiency

Muon Upgrade: Performance

CMS Phase-2 Simulation

e L B B B I I
115E e Prased U 0, (=1 Tey 1 Improved performance with HL-LHC upgrade:
F + Phase-2 <PU> =140, Vs = 14 TeV ] . .. .. .
MW Phase2 <us- 200, - 14 Tey 7 ¢ Higher efficiency: minimal dependency on pile-up
1.05 —
)i * Lower rate: better measurement = much purer sample
095 1 e« Improved timing resolution w/ eletronics upgrade
0.92— —i *12.5ns - 1Insin DT
PeoE 1+ Extended forward coverage : |n|<2.4 2 |n|<2.8
0.8 - . .
E 1 e+ Benefits from the L1 track trigger for prompt muons
D'?UZI B I B YR ST
Muon [
C_.MS Phase 2 Slmulatlon _ 'E:M TeV <F’U=2[][_] CMS P.h.a.s.e 2 .S.Im.L.".a.“Dn - :F?I:IMI 'Il':el\i,lfilF’IU:l»I:2[]D
Prospectson £ Tt R S R E e e e ! M -
P 3 09E samenttaattiety Catesestu Tt et S 09—+ il E
LLP searches: I ‘:' E ik A e L % oat +%uﬁmﬂﬂ—ﬂ—-ﬂ_ﬁk—w—_n —
See Henning 3 o7f po AL E 8 07Eis _ E
’ = 06F 109445 eV 2 40-<tt <240 — z 065y 24sinls24. 7210, GV =
Ke”ers - {]55 * oT ' i E — 0.55 $ L1itrackibased vetd not appliec E
excellent talk  F ! E oaE 4 E
= I L1Mu(standalone) Performance - TE V¥ L1Mu: no vertex constraint (displaced) 3
on WedHGSde.’ 03; *;_ Phase-1 detector(C5C): i 0-3; i
02: i = Run-2 Trigger Configuration E 02: . ——&—— Phase-1+GE11(CSC+GE1): posiions only | 3
g . —=— Phase-2(CSC+GE11+GE21+MEQ)J ET - Phase-2(CSC+GE1 1+GE21+MED): 3
0. 1E #; : : : : : — [].‘Ii‘ff- . . positions and directions £
TR T (/- | BB (= O (VR 1o RS o R v R =

True muon P, [GeV] True muon P, [GeV]



HL-LHC Upgrade: Fast Timing

* Calorimeter upgrades (ECAL electronics + HGCAL)
will provide precise (a few 10s of ps) timing for high
energy photons in barrel and high energy
hadrons/photons in endcap

» Additional timing layer (outside tracker volume)
can provide precision timing for charged hadrons &
converted photons down to a few GeV.

* Traditional 3D vertex fit upgraded to a 4D fit

10/20/2017 Yangyang Cheng | CMS Upgrade@LLP
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Timing Upgrade: LLP Prospects

(lllustrations c/o A. Ledovskoy) M '|§
For more info, see dedicated talk later today! 78 Lo
Yo T XN M D
E1.t1 M0,P0,T0 E2,t2 - ——- N o
D l N
P1,T1 P2,T2 —
P b ™M, ¥,
Scenario 2: LLP decays to
visible + invisible particles.
If the invisible particle mass
Scenario 1: Long-lived particle (neutral is known + additional timing
or charged) is produced at IP, & at info = enough constraints
secondary vertex (SV), decays into two for unique solution J
observable particles (neutral or charged)  =>applicable for GMSB, X2 X1
-2 With timing info (t1,22>T1,2; iDM dark photon etc.
TO=T1=T2) +
the scenario has unique solution for SV AM ©
—> full reconstruction! o
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HL-LHC Upgrade: Trigger

* L1 Trigger: CMS - 200 PU l
* Increase output: 100kHz=> 750kHz, A0 Nz e
—
* Increase latency: 3.4us 2 12.5us K
* New track trigger at L1 (+ calo, muon, global) Muons g 125
. . Calorimeters /| | G| +4= B3
* High-Level Trigger: 5
* Processing power scales with pile-up and L1 rate | 5544, —»
e Qutput rate increase to 7.5kHz (up to 10kHz) 5
45MBevtsize |8 &
@5
Muon System . =
- T Swntchlng
‘ Trigger ‘ Primitives J, 30 Thps [ st ]
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i . g E|11
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HL-LHC Upgrade: Timeline

Tracker TDR
May 2017: pre-view document; end of June 2017: provide CMS approved version - including cost and responsibilities
Nov. 2017: final approval of the Tracker TDR
Barrel Calorimeters and Muons TDRs
Sep. 2017: provide CMS approved TDRs - including cost and responsibilities
Feb. 2018: final approval of the BC and Muons TDRs
Endcap Calorimeter TDR
Nov. 2017: provide CMS approved TDR - including cost and responsibilities
May. 2018: final approval of the Endcap Calorimeter TDRs

| 1 | 1 1
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I I I I | | I I
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T I | | . = T : Comm.
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- w Comm.
. . 4 . x |... Pre-prod. - Prod. - Assem. Calrimeter Endcap 1 [Float [Install.
Endcap Calorimeters Design - R&D - Demo.| @ |... Proto. - Engin. =1 -
P g = g w |,.. Pre-prod. - Prod. - Assem. Calrimeter Endcap 2 |Flnat |Cnmm.
L " " L I I I I I
Muons: GEM1 Engin. | ED/SR |Productior| - AssemhlﬂFloat |In51 all. Comm. ) ) | ) )
CSC |FE Engin.- Pre-prod. [ESRProd. [Install. Off- detec. [ESH... Pre-prod. - Prod. [Float [Install. Comm.
DT E e | Pre-prod. - Prod. |Float |In5ta|l. Comm.
GEM2-RPC3/4 |Design - R&D - Demo..| = |... Proto. - Engin. a |- Pre-prod. - Prod. - AssemReady to install. Comm.
GEMO ... Pre-prod. - Prod. - Assem. [Float [Install. Comm. |
. 1 e -3 o
Trigger Design - R&D | 2 |... Demo Proto. - Engin. ... Pre-prod. @ (Prod. Float Install. Comm.
I | 1 1 I I I
. o
DAQ/HLT Design - R&D| 2 |... Demo. - Proto. <--TDR--> ...Pre-prod. ¢ |Prod. - Assem. Float Install. Comm.
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Conclusions and Outlook

* The High-Luminosity LHC brings exciting physics potential

#MoarData and many experimental challenges:

high radiation, high pile-up, high data-rate

 Comprehensive upgrade program to address these challenges and

meet physics potential

improved spacial resolution: tracker; HGCAL; ...
increased forward coverage: pixel extension; muon; ...
improved timing information: HGCAL; MIP; electronics; ...

L1 tracking & other trigger/DAQ upgrades

* Higher luminosity + a more powerful machine + improved

techniques =2 new possibilities for LLP searches



----

.
''''''

»
‘e -
~
"""""

N slarky ‘ = =
Keep looking with a magnifying glass; you
never know what you might find...




