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Prospects for Flavor Physics@HL-LHC

Flavor physics in a nutshell (c/o V. Vagnoni)

* Precision measurements and probes of rare decays e.g. BO(S) 2 Ul
* Flavor anomalies with hints of new physics e.g. b—=2>sl*I

* Spectroscopy

Prospects at HL-LHC:

* More data
* Enhanced capabilities: e.g. tracking, track trigger, precision timing, ...
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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 extension, muon system extension etc.
Improve function:

— higher resolution tracker&endcap calo; L1 tracking etc.
New detector(s):

— Fast timing detectors

Increase bandwith:
— trigger & DAQ



HL-LHC Upgrade: CMS Overview

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

« L1-Trigger: 12.5 s latency - output 750 kHz * Replace FE/ BF electronics
* HLT output =7.5 kHz * Lower operating temperature (8°)

Barrel EM calorimeter

Muon systems
»—> * Replace DT & CSC FE/BE
- electronics

* 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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HL-LHC Upgrade: ATLAS Overview

muon detectors tile calorimeter  liquid-argon calorimeter

i

New Small-Wheel (NSW)
inner muon stations (LS2)

N
New inner barrel muon

chambers: for trigger )

Replace electronics,
{1  readout, & power
system for calorimetry y

" Potential forward muon

. tagger — N
| Revision of trigger
Potential fast timing system

detector

ixel detemtracker

New all-silicon ]

toroid magnets
solenoid magnet

inner tracker (ITK)
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Tracker Upgrade: CMS
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* Thinner pixels (285um > 150um): radiation hard

e Smaller pixels: improve resolution, maintain occupancy
Outer Tracker:

* 6 layers + 5 disks of pixels-strip/ strip-strip modules

wr oo

* Two-sided sensor modules = stubs = L1 tracking finding
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Tracker Upgrade: ATLAS

€ 1400 -ATLAS Simulation Preliminary  atias ik pixel TR — OUter strip detector:
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Inner pixel detector: small (50x50) & thin pixels with extended |n|~4
* 5 barrel layers with inclined sensors starting at |n|~1
* In endcaps: rings instead of disks to reduce material
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Tracker Trigger Upgrade

— . CMS L1 track trigger
ot *—\)/\\ pass  Two-sided sensor modules in OT
[l TITTTT i -'1 A - —>stubs: correlated hit pairs, consistent

Sensors .
) EREREEE ||>||||||| |||.||?|?)|W|th>=ZGthrack
3 % <ot e Stubs form input to track finding at L1
trigger rate of 750kHz (15-20k stubs/BX)
e 12.5us latency (~4 us processing time)

1 =4 mm

high p+ low p;

ATLAS Hardware-based track trigger

e FTK (current): >=1GeV tracks at 100kHz ‘Data e
. Formatter| i
e Update for HL-LHC conditions T

e Regional tracking: ~10% of detector, Finding
. EEE
higher rate(1MHz), pT >2-4GeV oo
 Global tracking: full detector, lower
rate(~100kHz), pT >1-2GeV

Both experiments’ tracker triggers
adopt pattern recognition and massive ROB
parallel processing.
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CMS Simulation

Tracker Upgrade: Object Performance
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Tracker Upgrade FIavor Physrcs
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Calorimetry Upgrade: Barrel

Off Detector
?@ﬁa (OD)

€Y | Trigger

For the CMS detector:

e The crystals in the ECAL will be kept for duration of LHC

* The FE & BE electronics will be replaced for more
precise timing, useful in both pile-up mitigation and
searches for new physics

e 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

For the ATLAS detector:

04/05/2018

e The liquid argon ECAL and tile HCAL are expected to be
functional through the lifetime of the LHC

* The front & back end electronics, and power supplies will
be replaced for HL-LHC conditions

* Readout upgrade will allow high res. info at LO trigger
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Calorlmetry Upgrade: Endcap

=~ =" | For the CMS experiment,

. the endcap calorimeter will be

replaced with a silicon-based

Wit calorimeter (HGCAL):

e High granularity and 3D imaging to

help mitigate PU

e Fast signal collection (<10ns) and fast

| timing capability (few tens of ps)

. = 4D info in space-time to reconstruct
showers
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. Other than the CMS endcap canrlmeter (HGCAL) upgrades to calorimetry is limited
* Better timing resolution on electronic upgrades, and more calo info at trigger level,
should help with hadronic/yy/ee reconstruction

» ~30ps timing resolution for particles of tens of GeV @ CMS upgrade
e HGCAL@CMS offers high granularity spatial and timing resolution for charged
particles & photons: prospects for B physics?

04/05/2018 Yangyang Cheng | Detectors@HL-LHC 13




R (m)

I\/Iuon Upgrade CMS
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a = " Muon system upgrade scope for HL-LHC:
E___ﬂ ass * Existing detectors:
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Muon Upgrade: ATLAS

TG& D=k Shasldmg

Phase-1 (ongoing, installation during LS2):
e New Small Wheel (NSW) with Micromegas
(MM) & small-strips Thin Gap Chambers
(sTGC) to replace the innermost endcap
| e e Upgrades to barrel RPCs
&= Maintain momentum resolution and keep
single muon trigger rate under control

IP side
1720 mm Small Sestor

9285 mm

MDT chamber

Ay EOS
12m RPCs EMS
HO side
RTINS Detector Wheel B?US _
Phase 2 (for HL-LHC) | _‘7\_TGCS
BMS
* NSW will be kept for HL-LHC g e Kees
. 1
* Major upgrades to the muon barrel to  «{ [ sirece [ misrs [
. 1 2 3 4 5 6 7 vy8|BEE mmmmm
increase acceptance&robustness RS RS
* new inner RPC stations Fracap
* remove some old MDTs MM
* MDT info added to hardware trigger I e e R B
* Potential addition of forward muon tagger Highn  sTacs
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Muon Upgrade: Performance

Improved performance with HL-LHC upgrade: (CMS example)

* Higher efficiency & lower rate (purer sample): minimal dependency on pile-up
* Improved timing resolution w/ eletronics upgrade

 Extended forward coverage : |n|<2.4 2 |n|<2.8

* Benefits from the L1 track trigger for prompt muons, incl. the lower pT regime

One of the “cleanest” channels for Lepton Flavor Violation (LFV) is t=3u, where finals

state muons have low momenta and are significantly boosted in forward direction:

CMS Phase-2 Simuiation 3000 b, 14 TeV, 0 PU CMS Phase-2 Simulation 3000 fb', 14 TeV, 200 PU
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Fast Timing Upgrade: CMS

e Calorimeter upgrades (ECAL electronics + HGCAL) will =4

Barrel: LYSO crystal/ mip

—
EFE'S?;,""’ ‘)ﬁ

\ optical

\photons

\

-‘/ SIPM

provide precise (a few 10s of ps) timing for highenergy .~ | | ¢

photons in barrel and high energy hadrons/photons in
endcap

* Additional timing layer (barrel+ endcaps outside tracker
volume) can provide precision timing for charged hadrons

& converted photons downtoafewGev. K

* Traditional 3D vertex fit upgraded to a 4D fit
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Fast Timing Upgrade: ATLAS

Moderator +support
Rout=110 cm

The High Granularity Timing Detector
(HGTD) for ATLAS upgrade will be located
just outside the ITK envelop at z~¥3500mm
e 120mm to 640mm in radius
e covers the forward region of 2.4<|n|<4.2
* Consists of four silicon layers
e 1.3mmx1.3mm silicon pads
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Timing Upgrade: Prospects for Flavor

CMS simulation preliminary 13 TeV
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HL-LHC Upgrade: Trigger

CMS - 200 PU l
‘ Detectors
40 MHz < T

L1
Muons
Calorimeters
Tracks

750 kHz

FE
pipelines

Se

4.5 MBevt size |B -
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g e

> |

12.5 us

30 Tbps [

Processor
farms
>
(Y

>

40 GB/s G‘

7.5 kHz

U4/Ud/ LULS

e L1 Trigger: increase output & latency
e High-Level Trigger: output rate increase up to 10kHz
* Processing power scales with pile-up and L1 rate

Trigger

output rate / latency

DAQH/
Event Filter
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Y ¥
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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
e 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; ...

— improved trigger capabilities: more info, higher rate, L1 tracking etc.

 Higher luminosity + a more powerful machine + improved
techniques =2 new possibilities for flavor physics
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Tracker Upgrade: CMS Performance

Tracking
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Calorimetry Upgrade: CMS Performance

14 TeV, 200 PU

Results shown for barrel calorimetry : 025 AR DOAM ML AN AR A
r Phase-2 Simulation T
upgrade: HGCAL results in progress oo Unconverted Foyy photons ]
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Loose Muon Efficiency

Muon Upgrade CMS Performance

CMS Phase 2 Slmulatmn

L1 trigger efficiency

— Improved performance with HL-LHC upgrade:

< Higher efficiency: minimal dependency on pile-up

* Lower rate: better measurement = much purer sample
"3« |mproved timing resolution w/ eletronics upgrade

In|<2.4 2> |n|<2.8
* Benefits from the L1 track trigger for prompt muons
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Timing Upgrade: LLP Prospects

. =
(lllustrations c/o A. Ledovskoy) Q M, P
Yo T xXN M D
E1,t1 oo N\ E22 C P o,Fo
D l \
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 A ©
—> full reconstruction! o
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HL-LHC Upgrade: CMS 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
Calendar Year I 2016 | 2017 I 2018 | 2019 | 2020 | 2021 | 2022 | 2023 I 2024 I 2025 | 2026
I I I I | | I I
weswiows L
' . ' [ Install.
Tracker: Quter Design - R&D - x .. Proto. Engin. 8 | Pre-prod. - Prod. - Ass. Float Comm.
Install.
Pixel Demo.| F 1 proto - Engin. gl Pre-prod. - Prod. - Assem. Float nsta
T I | | . = T : Comm.
o -4 o Insall.
Barrel Calorimeters | Design-R&D - Demo. Q ... Proto. - Engin. Q |... Pre-prod. 4 |... Prod. Float Assem.
- 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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