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LHC on the energy frontier ATLAS

EXPERIMENT

Run Number: 311287, Event Number: 23231681

Large data set:

150 fb-1 recorded

'

7/ x 106 Higgs bosons produced

Analysis strategies extremely
sophisticated

This example: N 3

I I jets =
31 signal regions . ATLAS arXiv:1708.02794
+ corresponding control regions




LHC on the intensity frontier

Precision measurements often challenging, but huge particle yields
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LHC on the intensity frontier

Precision measurements often challenging, but huge particle yields

e HL-LIC Yield for exotic decay modes:
1 B ILC (500 GeV)
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Sensitive to tiny couplings!

Complimentary sensitivity for signals with
- Low rates

- Relatively low backgrounds (online + offline)



New directions / priorities for the LHC

Precision measurements Hadronic final states Soft final states

Trigger strategies
Data scouting
Special runs (e.g. Pb-Pb)

Precision Calculations Machine learning

Strong theory support Theory support pickingup  Limited theory support



New directions / priorities for the LHC

The case for more theory involvement:
- Online selection increasingly sophisticated Soft final states

« Resources are limited (pandwidth and people)

~ S

Theory priors Complementarity
(Dark matter, naturalness, (LHCDb, Belle Il, NAG2, ...)
minimality, ...)
L Trigger strategies
- Long-lived particles Data scouting

Special runs (e.g. Pb-Pb)

A sense of urgency:
« Decisions before data taking

* Phase Il upgrade design happening now



Long Lived particles

Why start with long-lived particles?

Pragmatic reason: Displaced decay gives new handle to reject backgrounds

Theory reason: Light particles tend to be long-lived
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Long Lived particles
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Another simple example

Scalar singlet extension of Higgs sector:
(Most minimal extension of the Standard Model)

Production: (for mg < ms - mg)
Br[B — X ¢] ~ 6 s5 (1 —m;/m%)?

R. S. Willey and H. L. Yu (1982)

R. Chivukula and A. V. Manohar (1988)

B. Grinstein, L. J. Hall, and L. Randal (1988)
B. Batell, M. Pospelov, A. Ritz (0911.4938)

poH H



https://arxiv.org/abs/0911.4938
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Another simple example

Scalar singlet extension of Higgs sector: p¢H'H
(Most minimal extension of the Standard Model)

Decay:

10!

chiral pert. theory-+dispersion i interpol. Eportu‘b. theory

-\1 | | —— This work

_ 1 |
10 | N Winkler

—_

3
w
I

cT X s (cm)
— —

-] -]
Lo

—_

7
Ne)
I

—
|
—_
—_

CTthis work
CTWinkler

o = =
ot O Ot

1071 10° 10! 10°

Y. Gerhstein, SK, R. Redigolo: arXiv 2012.07864 mg (GeV) M. Winkler: arXiv 1809.01876


https://arxiv.org/abs/1809.01876

ings to do with the phase |l upgrade
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Displaced vertex triggers CODEX-b experiment
(Higgs & B decays) (Higgs & B decays)




Trigger basics

High level (HLT)

40 MHz 100 kHz

Only 0.0025 % of all collisions get recorded @&

—» Triggers are critical to the experimental programs at ATLAS, CMS and LHCb!

Currently only tracking at HLT step

12



Detector layout (CMS)

Om 2m 3m
Magnetic Field
Directed O ut
@ 4T >>>
Silicon
Tracker
ECAL
St Electromagnetic
" ’l]' Calorimeter
HCAL - Hadron Superconducting
Calorimeter Solenoid
i

Transverse slice
through CMS

Iron return yoke interspersed
with Muon Chambers

Derived from CMS Detector Slice from CERN

CERN, 2004




Detector layout as seen by L1 trigger

Magnetic Field
Directed O ut

RS | Electromagnetic
" }'l]' Calorimeter

HCAL - Hadron Superconducting
Calorimeter Solenoid Iron return yoke interspersed
i with Muon Chambers

Transverse slice
through CMS

Displaced decay looks prompt to the L1 trigger, and is unlikely to be recorded
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Triggers at HL-LHC

~200 collisions per event in HL-LHC conditions

A N T————

ST NN W W DI 20w st st
SRR N T

e SSN TR

T T A

= HL—LHC: Pileup of 250
LHC: Pileup of 25 ATL-UPGRADE-PROC-2012-003

Major upgrades to the trigger being developed:
* More bandwidth

* More capabilities — tracking at L1 trigger!

What else can we do beyond just pile-up mitigation?
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CMS Level 1 track trigger

Phase |l tracker layout
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Displaced tracks

Key point: For moderate displacements, stubs are still reconstructed

In principle, track trigger could find displaced tracks

Impact parameter in
the transverse plane

Y. Gershtein: arXiv 1705.04321
CMS PAS FTR-18-018

'

C M S Phase-2 Simulation Preliminary

Muon Gun No PU ¢
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Toy detector simulation

track reco efficiency

Y. Gershtein: arXiv 1705.04321
Y. Gershtein, SK: arXiv 1907.00007
Y. Gerhstein, SK, R. Redigolo: arXiv 2012.07864
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Toy simulation
CMS simulation

Procedure:

0.00 7
0.8 1
0.6 1
0.4 1

0271 pr=5GeV

0.0 ¥ f
0.8 1
0.6 1
0.4 A

027 pp =75 GeV
0.0 :

do| (cm)

1. Propagate track
(including multiple scattering)

2. Find the stubs

(smearing for resolution)

3. Fit a helix to the stubs
(require at least 5 stubs)

4. Reconstruct a vertex

\ Impact parameter in transverse plane
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Signal & Background

Signal: displaced dimuon resonance -
B — X.¢ L m :
L g 5 -
ZJMT‘

Backgrounds:

- Fake vertices — Vertex quality & muon matching

« Kaons (Kg »ntn") — Muon matching

- B-mesons — Cut vertex radial distance (Lxy>1.5 cm)

Goal: suppress background factor of 10-4 with minimal cuts on signal

Y. Gershtein, SK: arXiv 1907.00007
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Trigger yield

Total yields for our (Level-1) trigger strategy, for different pT thresholds

o4 -

# events
Br[B— X ] xBr[p—utu]

Competitive with LHCb, much better than a (generous) normal dimuon trigger

Y. Gershtein, SK: arXiv 1907.00007



2
Projected sensitivity

Reach:
Model independent Scalar mixing with Higgs
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CMS reach is a bit optimistic, since “junk” backgrounds are not modeled

LHCb reach (optimistically) rescaled from current limits

J. Evans, A. Gandrakota, SK, H. Routray: arXiv 2008.06918


https://arxiv.org/abs/2008.06918

Other applications

DV + MET

Heavy Neutral Leptons,
Inelastic Dark Matter

Multi-track DV

Axion-like particles
Exotic Higgs decays

Y. Gerhstein, SK, R. Redigolo: arXiv 2012.07864

Double DV

Dark Showers
Pair production of LLPs




Other applications

Multi-track DV

Axion-like particles
Exotic Higgs decays

Selection

« 4 reconstructed tracks (pT > 2 GeV)
- Good quality vertex
° ny > 3 cm

Backgrounds
- Fake vertices — > 4 tracks
*  B-mesons — Vertex distance
- Material interactions — 2?

Experimentally very challenging: must perform a
preliminary study to verify that it is worth the effort

Y. Gerhstein, SK, R. Redigolo: arXiv 2012.07864
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Material interactions

Standard Model particles create secondaries in detector material
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Must verify that this does not swamps the trigger bandwidth!
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Interactions with detector material

Pion gun in GEANT4 1cm

L P

>
\
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Y. Gerhstein, SK, R. Redigolo: arXiv 2012.07864
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Interactions with detector material

Fold in particle production rate

Pythia 8 + GEANT4 1 pr >2GeV

_____ 1 pr >3 GeV
101 _ :____' :___1“_ 1 pr >4 GeV
_ ' - (1) = 200
- T
210 4
: .
107° -
10~ - -
10 107
hadron py (GeV)
Rate is likely manageable
Baelkgrodtiverats spptieary;
* AssSU min track pr 2 GeV 3 GeV 4 GeV
« Non secondaries (kHz) 25 5 1
. Noijc DB-mesons (kHz) 0.13 0.04 0.01
" fake vertices (kHz) 0.04 0.01 0.004

Y. Gershtein, SK, D. Redigolo: in progress



Results

Example: h — SS

L3 hadrons
10° h— SS 100 h—SS
mg =5 GeV —— DV trigger (CMS) mg = 15 GeV —— DV trigger (CMS)
—— muon ROI (ATLAS) : —— muon ROI (ATLAS)
PRELIMINARY PRELIMINARY
1071 4 1071 -
& &
g 5
—2 -2
10 I vi 10 1 v
1072 101 10° 10! 102 10° 104 1072 101 10° 10! 107 103 104
c7 (cm) ct (cm)

Qualitative gain in sensitivity appears possible

Y. Gerhstein, SK, R. Redigolo: arXiv 2012.07864
ATLAS muon ROI trigger: arXiv 1811.07370
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Results
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Y. Gerhstein, SK, R. Redigolo: arXiv 2012.07864
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Things to do with the phase Il upgrade

v& CODEX-b
—_——

¢
Displaced vertex triggers CODEX-b experiment
(Higgs & B decays) (Higgs & B decays)

For particles with very long lifetimes, trigger and background challenges
cannot always be overcome

!

Need an external detector, shielded by a very thick hadron absorber



. ')
Why an external detector for long-lived particles?

myLLp

heavier (2 10GeV) —

« lighter (< 10MeV)

LHC coverage
(ATLAS, CMS, LHCb)

SCHEMATIC

L} 1] 1 L}

+near ~m far—

CT

 Low mass
- High cr

 Medium center of mass

mLLp

heavier (2 10GeV) —

+ lighter (< 10MeV)

LHC coverage
(ATLAS, CMS, LHCb)

Forward Transverse
. (CODEX-b,
(FASER, SHiP, MATHUSLA, AL3X, ...)
NA62, ...)
SCHEMATIC
+<lighter ~ c¢, bb, 77 h,t heavier —
vE

This is where exotic
Higgs & B decays live!



C O DEX-b V. Gligorov, SK, M. Papucci, D. Robinson: 1708.02243

DELPHI DAQ CODEX-b expression of interest:1911.00481
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Data acquisition is being moved to surface for run 3



C O D E X _ b V. Gligorov, SK, M. Papucci, D. Robinson: 1708.02243
s % 2 DELPHI CODEX-b box | .
. (. N [() .| = . .
B S | s |I| RBE6
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VAW .
d j=
i ATLAS 2DV
1074 ¢ — CODEX-b i
10_5 : ' ' l
10~ 10! 10° 0
cT [m]
I /1 | [ YA &} 7 | 1HIm I 11l Z

shield veto
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With ~ 4 meters of shielding, background free



Other models
Higgs decays
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See CODEX-b “expression of interest”: 1911.00481

Inelastic dark matter

Ei}resn Variations, Fermionic iDM, m 4r=3m1, A=0.03, ap=0.1
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Tentative detector design

10 m

Inner station

Face statio

Resistive Plate Chamber (RPC) panels
 Relatively cheap

 Large surface area possible
(e.g. ATLAS/CMS, ARGO, MATHUSLA, ...)

Fully integrated in LHCDb trigger and
reconstruction streams

Design drivers:
- Faces stations: recover acceptance for particles with low boost

* Inner stations: minimize distance to first tracked point



Backgrounds: hadron absorber

7_7'_" —_— — —

I educible: suppre

shield veto
UXA shield Pb shield UXA shield Pb shield

Neutral particles producead

Neutral particles punching in the shield

through the shield

Rate is small, but flux is large (!) Mostly from muons

Muon veto in middle of shield is critical



Backgrounds: hadron absorber

Events/bin

Example:
— - .
i K(I)/ £ = 300fb~1
- —— IP Flux x 10712 ]
i [ 1 Veto Yield x 1074
[ BG Net Yield
- _,_—l E : |
| — |=
_ — |
B
T | 1 o =
0.1 1 10 100

Ekin [Ge\/]

Backgrounds fully
suppressed for ~ 4.5 m
of shielding (Pb)




Backgrounds: Cavern

Soft particles swept towards detector: concrete wall is important

‘\'\.,‘;; §4sooo N

, l\-‘g“\r"ﬁ‘ P8 = 40000
UX85 23 5000 . _ 1]
concrete ,«30000 Pk 5 : ,1
Ezsooo SN
20000 % et |
15000F = =i
10000 )
5000 |
CODEX-b 0F .
20000
z(mm) mother vtx
Important to understand detector noise and fake
backgrounds LHCb magnet

B. Dey et. al. :arXiv 1912.03846
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Backgrounds: Measurement campaign

Muon data taken in various places in the cavern

DELPHI CODEX-b box M Beam line .
25th July 10 Aug
| | 1 | 1
- 0.9 v v -+ * *
‘g— 0.8 | il ! T
g 4 : i
= 0.6 .
e 05 Lumi rate | e ’ ’ ] P . “
%‘_Z” g-: MD. no beam I I . v I:' ' !
01 till ~ 30" o RN R Y » % P
05 533 * EEREETEY) . 15338 M M 1534 :
d ' ' "B UTC time [s]
tect
ereetar 1 : 2 131 4.5, 6
positions . . .
|} 1 | | | |
1 ) ! ) ! | ) |
) . M ' f ' '
F% 10 [log scale] : Ft d;r'z‘f ri;:l: "-"T'-; e '-'.'
g 3 , ... ’ . ' ? 1 1 » WM‘ ax -
; 7.71 10 . a‘. w " m
FE
o m A RN n
10 N . 2 o x10*
15325 - . " 1534
UTC time [s)

shield veto

UXA shield I’b shield Irs

Good agreement with simulation and simulation is a bit conservative

B. Dey et. al. :arXiv 1912.03846
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CODEX-3 CODEX-b

Demonstrator detector
Features

« Cube of resistive plate chambers (RPC’s)

- Identical design to ATLAS muon chamber
2107.00 mm panels

2107.00 mm

(Goals

» Test event reconstruction strategy

- Measure background rate

Full detector would be roughly (10 m)3



40
Status & outlook CODEX-b

e

30+ collaborators (ATLAS, CMS & LHCb)

Completed “Expression of Interest”: arXiv 1911.00481

Demonstrator detector design completed (CODEX-[3)

Planning for Letter of Intent and technical design report

2020 2021 2022 2023 2024 2025 2026
LS 2 Run 3 LS 3
CODEX-j3 Production Install data taking Removal
CODEX-b Production
Partial Install
2027 2028 2029 2030 2031 2032 2033 =—p
Run 4 LS 4 Run 5 —

CODEX-b cl;::f;l:lt{igré | Remaining Install data taking -y




Collaboration CODEX-b

) = A i
rrrerer I“‘ . .
University of

BERKELEY LAB Cl N CI N N ATI

UNIVERSITA DEGLI STUDI DI ROMA INFN

— . Sezione di
Dipartimento di Fisica L,/ Roma Tor Vergata

UNIVERSITYOF L P N/;'*E\

\ -m " 2\ Eotvos Lorand
BIRMINGHAM

‘s V°) University

PARIS




Conclusion

The LHC is a Higgs & B factory...

... Higgs and B decays are golden
opportunities for beyond the
Standard Model physics

New (trigger) strategies & dedicated detectors could yield qualitatively new
reach...

... but we must be bold and continue to innovate!

Thank you!



Toy detector simulation

Procedure:

7
\
100 -
\
380 w
@ 60 |-
> P
°f Q
20 - ,
0 &L | | | | |
IP 0 20 40 60 80 100
x (cm)

Y. Gershtein: arXiv 1705.04321
Y. Gershtein, SK: arXiv 1907.00007
Y. Gerhstein, SK, R. Redigolo: arXiv 2012.07864

1. Propagate track
(including multiple scattering)

2. Find the stubs

(smearing for resolution)

3. Fit a helix to the stubs
(require at least 5 stubs)

4. Reconstruct a vertex



Some notation

Vertex is never perfect:
A; measures vertex quality

Y. Gershtein, SK: arXiv 1907.00007
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Fighting fakes

Assume 30 fake tracks per event — 225 fake “vertices” per event!

Distance between tracks in z-direction Impact parameter of mother
dg
A, <1.0cm dy < 0.1cm
~ 10-2 suppression ~ 10-2 suppression

Y. Gershtein, SK: arXiv 1907.00007
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Background rates

Target: backgrounds = 1kHz

Rates, before demanding matching with muon system:

minimum pp selection fakes (kHz) Kg (kHz)

(3, 3) GeV 1000 300
(4, 4) GeV 600 240
(5, 3) GeV 840 200

Rate in ~ 1 kHz regime if the muon fake rate < 5% per track
(see CMS-TDR-021)

Lxy > 1.5 cm and do > 0.1 cm reduce true muons from B-meson decays < 1 kHz

Y. Gershtein, SK: arXiv 1907.00007



LHCb searches
Exclusive search strategy: reconstruct the whole decay chain
BT - K¥p — KXptp~ arXiv:1612.07818
B - K00 — K*nFpuTp~  arXiv:1508.04004

Reconstruct both vertices in the VELO

3 lifetime bins:

s 107
©
Prompt: t < lps £ I LHCb 95% CL
Displaced: 1ps <t < 10ps < 107 | B°—~K*%,
% 4 B+—>K+X
Very displaced: 10 ps <t ot 2
_ 107
Low background, but fairly low
signal efficiency o

Cosmological| constraints
2x10™" 1 2 3 4 5
m, [GeV/c]
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Offline analysis

Main background from B-meson decays

For example:

BT — uty, DX

L oy, Kt
10° — =7 NS (3ab ) Can be reduced to O(1) levels with:
R E— s N - Cuts on vertex displacement

(> 7.5 cm)

 |solation cuts

* Minimal pT cuts

0.5 1.0 20 3.0 N _
My (GeV) Additional cuts (next slide)

J. Evans, A. Gandrakota, SK, H. Routray: arXiv 2008.06918


https://arxiv.org/abs/2008.06918

Additional cuts

Main background from B-meson decays

For example:
« Background passing the Lxy cut is high pr

BT — uty, DX

L ,u,_DMKJF - Signal tends to point back to IP
B meson background ) mey = 2 GeV, ¢t =5 cm .
10 10
10% - 10% 1
> >
& &
\_; | 10—2 \_/1 ‘ 10_2
S S
N N
signal region signal region
10! I 1073 10 I 1073
10° 102 10 10V 102 10*
Lay/dg Lay/dy

J. Evans, A. Gandrakota, SK, H. Routray: arXiv 2008.06918


https://arxiv.org/abs/2008.06918

Examples of things to do now

10

34 fb™ (13 TeV, 2018)

11 Online Reconstructed Dimuon Events
10 pT(u) > 3 GeV, n(n) < 2.4, opposite sign

10"

Events/GeV

10° " Y(0s)
10°
107
10°
10°
10

1 10 ) 102
u* u invariant mass [GeV]

Data scouting / Data parking
(B decays)

! !

Strongly coupled extensions of the
Standard Model produce very exotic events

“Dark showers”

(Higgs decays)

Scouting: record small fraction of the event
Parking: reconstruct event later

- Search of displaced vertices Allow to search of phenomena which would

. . . otherwise not pass the trigger thresholds
« Machine learning techniques

But plan must be in place before data taking!
Event display by Matt Strassler
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Axion-like particle

pp — aj (NLO)

1 2 92 Oés a ~ 30 f — 106 GeV —_— pp > 20 GeV
Ea D) —m,a — — — GG ¢ ——- pr>30 GeV
2 81 fq 30 7 —.= Hyp > 100 GeV
a 25 1
=20 -
o
15 A
04 T
5 T
O I I I I I
0 5! 10 15 20 29 30

Huge gluon luminosity at low invariant mass, we can get away with very high f,

Lifetime:

Y. Gerhstein, SK, R. Redigolo: arXiv 2012.07864
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Axion-like particle

Efficiency:
]-OO N . N N
1 my, =2 GeV —— This work 1 my, =4 GeV 1 my, =10 GeV
] ——- pr > 30 GeV ] ]
—= Hp > 100 GeV
107" - 1
%
-
ks
@)
=
D)
].0_2 _ -]
1073 : :
1073 10° 103 107t 10t

cT (cm)

Y. Gerhstein, SK, R. Redigolo: arXiv 2012.07864
See also: A. Hook, S. Kumar, Z. Liu, R. Sundrum: 1911.12364
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Axion-like particle

Result:

10V 30.0
_____________________________ b T~ i DFSZ: EW Doublet below 500 GeV ] 25 . 0

20.0

axion quality (A = 5)

1/f. (GeV™H
S
=
(-
Nr events

10.0

- 9.0

10-8 | | | | | 0.0

0 D 10 15 20 25 30
mg (GeV)

Y. Gerhstein, SK, R. Redigolo: arXiv 2012.07864



Ultra-peripheral collisions Vel

e

N\

. R .
B 5 A\ N i
EMs CMS Experimeqt’ &IC}" : ) ]
N \ ¢
Data recorded: 2040-Nay-1 448’37 44.420271 G| 37:44 GEST) |
Run/Event: 151076%4205388 . ~\\ )
< |
-
3 |

Exclusive Y production

Pb + Pb - Pb +Pb + T

’ -",-"j / 'W,‘/ /
Pb  Head-on Pb-Pb collision
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Axion-like particles

Axion-like particles (ALP’s): £ D HQFWFW
10— Mg =15 GeV |
Ph Ze Pb g == My = S Brem |
> T . ' m, = 40 GeV Fakes |
>
a C LBL
2 | VNN = 5.5 TeV |
! z | [Ldt=1nb"" |
o o = X |
Pb Ze Pb >
Dominant background: light-by-light scattering! 10 20 30 40 o0
Moy (GeV)
Pb o — Pb
Y
s
/ -
Pb - > Pb SK, T. Lin, H. K. Lou, T. Melia: 1709.07110

SK, T. Lin, H. K. Lou, T. Melia: 1607.06083



Light-by-light scattering

—r

l'i-‘ll'lll .Il.ilhﬁ.l

e | _'1
==

Events / GeV

ATLAS
Pb+Pb s, = 5.02 TeV

—e— Data 2018, 1.7 nb”’
[_|Signal (yy — vv)
] CEP gg — vy

EI Yy — ee

1] L v 'ra

VT

N | a ul n n, W W

PbPb (5.02 TeV) — yy, observed
- PbPb (5.02 TeV) — yy, expected

10 20 30 40 50 60 70 80 90 100
Nature Physics 13 (2017) 852 m, (GeV)

ATLAS: 1904.03536

SK, T. Lin, H. K. Lou, T. Melia: 1709.07110
CMS: 1810.04602

SK, T. Lin, H. K- Lou, T. Melia: 1607.06083
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CODEX-b Reach

A :
Model: L>OupHH + 5 O?H'H With A =0

107° ¢

~\ Il IE
N LHCb, 3 b~ AXE W

\_I\ NA62 >\ — E b /W\L\
\ 7 - S
S AN N b B > - - >

A/ _
SN /S (LHCB, 300fb ; <
N ~ - \

\ N
10fb ! ¥ 72N N
h SHiP .

CODEX-b . \ .

sin? 0

10—12 | =< NATHUSLA | _;

V. Gligorov, SK, M. Papucci, D. Robinson: 1708.02243
CODEX-b expression of interest:1911.00481



Other models
Higgs decays

my =05 GeV m.y,

=10GeV

Br[h — 474

1074 ‘._,-/ ! ‘e ATLAS 2DV 3 ATLA/S 1DV
; —— CODEX-b mmm ATLAS 2DV
—— CODEX-b & pSh = CODEX-b
/=== 1ab~!, 20x10x 10m —— CODEX-b & pSh
Y ;o MATHUSLA Y === lab!, 20x10x10m
1075 [ 1 1 1 1 il : 1
10t 10t 10*  10° 107! 10! 103 10°
c7 [m] 7 [m]
1076 ¢ " — T T =TT
- SN r'| |
\ \’ SN h
L X LHCH, 3| [+"/
\) eSS | O\
I ‘ / - -~ |
10-8 T~ L~ N WK > -l | =
I_LAR h //'\/l‘ S
L NG
~ \
S |
> = ~
N g0 L S _ _FASER N -
= ’ - S ]
' CODEX-b \ , J
\ 7/ SHiP
. ]
v
L \
10_12 2 \ —
L N
\
RN MATHUSLA
- h ~ 7 - ~
10-14 . R R S I -, I
0.5 1.0 2.0 5.0
my, (GeV)

See CODEX-b “expression of interest”: 1911.00481

Inelastic dark matter

Ei}resn Variations, Fermionic iDM, m 4r=3m1, A=0.03, ap=0.1

1072

1074

1071

/

1074

larger Ethresn
default Ethresh
smaller Eipcon

T T TTTTg

[ B |

L1 1 1N

Heavy Neutral Leptons

S~
R, NAG2 ]
o '/ --- DUNE
e --- SHiP
P / --- FASER E
/ S/ — CODEX-b

L 1 1

11 1 11

1075 ————

[E—

1076

108

Br[B — X, ¢]

. A
Y
N
10—10 L S Smeao2?
<
N L.

10
my [GeV]

mm ~ B X inv
— = 0.5GeV
===+ LHCb B = K(p — pup)
— 1, = 1GeV

-==- LHCH B — K(p — up)
— 1, = 2GeV

— 1, = 3GeV

1 10

107

106 /1

103 J—

104 __’,/” \‘

100 - ',.--‘“4
. 102_________..---""

cr [m]

10"t

107"

1072p === =="* MATHUSLA
——- CODEX-b
| 1073} - —- - FASERR®
1074
01 02 05 1 2 5 10 20 50

mys [GeV]

10712 '

101

10! 103 10° 107
7 [m]

Z decays
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Performance

Track impact parameter in transverse plane Vertex distance in transverse plane

Fairly good resolution on do, resolution on vertex location is poor as expected.

Y. Gershtein, SK: arXiv 1907.00007



60
Stub reconstruction efficiency

CMS Phase-2 Simulation s=14TeV, Electrons, 0 PU

y

et L L L L L LT T T R R P P T P P P P P P PP PP PP PP PP

. -. ggggmmm

Stub efficienc
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ATLAS Muon ROI trigger
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