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Exciting Time!
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= Hmmm Ok wha’r do These
| ’rell me. It looks like
searches involving third
generation is important,
precision measurement iIs
" also vital and maybe
something a bit more
crazy???? So....




Is there still > __
r .
room for |
naturalness?




Definition of Naturalness...A Different Point of View

® [he detectors are cylindrically
symmetric

e A natural physics object Is
originated from the

Inner Tracker ~ ~‘ _— ‘: ‘ ‘ ‘

Layers 0 33 50.5 88.5 122.5mm
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B-hadron Decay: A bit non-natural

e Due to b-hadrons’ long lifetimes,
they decay outside the

Inner Tracker
Layers 0 33 50.5 88.5 122.5mm
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B-hadron Decay: A bit non-natural FTAG-2020-002

I
ATLAS Simulation Preliminary

Z' sample up to 5 TeV
jet p. > 20 GeV,In| < 2.5

b-hadron L,, > 38.4 mm
b-hadron L,, > 55.0 mm
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http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/FTAG-2020-002/
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Inclusive search with
heavy flavor quarks
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Flagship Inclusive Searches

? | Dijet searches
| | Heavy particle |

e — = P ;

| MET  Mono-jet searches |
| Dark matter
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Inclusive Di-(b)-jet Search JHEP03(2020)145
e ATLAS has published the full Run 2 inclusive di-(b)-jet search

ATLAS .

Vs=13 TeV, 139 fb™ —— Background fit
— BumpHunter interval

o DMZ,m_=2TeV
DM Z',m_ =3 TeV

DM Z' gq=0.25, ox10
p-value = 0.83

e \/ery powerful/important
search

e Setting the most stringent
[imits on models with
narrow heavy resonances
INn the hadronic final states

I_I III|I|II IIIIIIIII IIIII|III II|I|IIII IIIIIIIII II|IIIIII IIIIIIIII I

b
<

O N

LIt III|"—'-IIIIII| I IIIIIII| I IIIIIII| I |IIIIII| | IIIIIII| ! IIIIIII| I I|IIIII| I |IIIIII| I IIIIIII| Il

I
N

Significance

10 Bingxuan Liu


https://link.springer.com/article/10.1007/JHEP03(2020)145

Heavy Particle Search with Associated b-quarks

= ¢ \What Iif the new heavy particle is exclusively coupled to third generation

* [t has to be produced in association with additional b-quarks at the LHC

e Multli-b-jet final state, two from the heavy particle decay and two from the
spectator quarks
e This type of Z' can incorporate the flavor physics anomalies observed in LHCb
e | epton Universality Violating Z' [JHEPQO/(2015)142, Admir, et.al]



https://link.springer.com/article/10.1007/JHEP07(2015)142

Lepton Universality Violating (LUV) £’ PhysRevD.105.012001

e No significant deviations are observed, limits are set on LUV Z
e First coverage up to 3 TeV in this final state

ATLAS
- YVs=13TeV, 103 fb
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- + 1o

— Background

— BumpHunter Interval
. bbZ'— bbbb (M, =1.6TeV,g =1,g_=0),0x20
' 0 bbZ'- bbbb (M, =25TeV,g =1,g =0),0x50

bbZ'— bbbb

9=19=0

—
o

4
L4
X4
4
4
4
L4
4
4
’
4
4
4
4
4

FD Fit Range: ' BH Scan Range:
[0.73, 3.67] TeV ' [1.30, 3.67] TeV
FD Fit x2 p-Value: 0.89 . BH p-Value: 0.55

—

—
<

10 IlllllllIllllllllll|~~l~~~l~l|"Lll|III|III|I
12141618 2 2224 26 28 3

m vz [TeV]

Significance
l{) _IL O a9 DN

12 Bingxuan Liu


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.012001

Traditional Approach: Functional Fit

e Heavy particle searches in hadronic final states usually have to deal with an
enormous multi-jet background

e Multi-jet simulation has large theoretical uncertainties and limited sample
Size
e Functional fit iIs widely applied

o 2 & i functions to fit the

data spectrum
e And ook for

N data
compared with the
background fit

13 Bingxuan Liu



Traditional Approach: Functional Fit

S Heavy particle searches in hadronic final states usually have to deal with an
enormous multi-jet background

e Multi-jet simulation has large theoretical uncertainties and limited sample
Size

But empirical functions may

break
Is there a more universal
approach?
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New Approach: Functional Decomposition

e Functional Decomposition
e Using orthonormal basis

e Analogous to Fourier
Analysis
e An Infinite series can

describe any given
spectrum

e [runcate the series so that
It Is sufficient to describe
the background not
incorporating new physics
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https://arxiv.org/abs/1805.04536

Decomposed Background PhysRevD.105.01200°
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e Using three moments Is sufficient to describe the background

* [he background components are not physical as they come from
mathematical forms
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.012001

Lepton Universality Violating Leptoquark

e Resonant leptoquark production gives peaks In the lepton-jet mass spectrum

e Models explaining the b-anomalies predicts b7 (b7v) final states

LHC 14 TeV,b + 1 LHC 14 TeV,b + 1
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e Need separate approaches for these two final states

JHEPO05(2021)057

Uli's talk
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https://indico.cern.ch/event/1059360/contributions/4452309/attachments/2283275/3880007/ATLASJETMET21.pdf
https://link.springer.com/article/10.1007/JHEP05(2021)057

How About Mono-jet”?

e Resonant leptoquark production gives peaks In the lepton-jet mass spectrum

e Models explaining the b-anomalies predicts b7 (b7v) final states

LHC 14 TeV,b + 1 LHC 14 TeV,b + 1

=Charm! 2
(U - cv,) ~ 48NL13 | My .

e Need separate approaches for these two final states

JHEPO05(2021)057

Uli's talk
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https://indico.cern.ch/event/1059360/contributions/4452309/attachments/2283275/3880007/ATLASJETMET21.pdf
https://link.springer.com/article/10.1007/JHEP05(2021)057

Inclusive Mono-jet PhysRevD.103.112006

e ATLAS has published the full Run 2 inclusive mono-jet search

ATLAS =~ bt e Excellent work done

¢ Data

E =13 TeV, 139 fb'1 *oo¢ Standard Model w. unc. .
b Signal Regior B 2 ) + e by the theorists

_ VBF Z(= Il / vv) + jets . :
105 PT(J1) > 150 GeV T W( Iv) + jets ® AmaZ|ﬂg preC|Se V
VBF W(=s Iv) + jets

-+ single top + Jets background

Diboson

S Mutiet + NCB estimation using MC

== m(t, %) = (600, 580) GeV

L e o e e Mono-HF (b or ¢)

| could have been
hiding here given the
large light et
contribution from V +
jets

7

Events / GeV
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.103.112006
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Inclusive Mono-jet

e Multl-jet and V + jets are dominated by light flavor jets

Vs=13TeV, 139.0 fb™

—_
@)

.. - e Better sensitivities can be
- ATLAS Simulation Preliminary i d via bott / N
- Pre-tag, hadronic jets b-flavor jets achieved via bottiomy/charm-

Bl c-ilavor jets tag 9 IN 9

Bl -favor et e However V + HF measurements
and simulations are not as we
studied as the inclusive case

® [heory Inputs are very important
and good opportunity to
collaborate again

Fractions

O I | l ] ] | l ] l | l | 1
600 800 1000 1200

ATL-PHYS-PUB-2022-010

Jet P, [GeV]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-010/

Heavy flavor associated
production mode

Flavor tagging performance
at high energy scale

Heavy flavor modeling at
high energy scale

Bingxuan Liu



FTAG-2021-004

ger For Run 3

— | | | | | | | .I .I | I | | | | | | | | | | | | -
= ATLAS Preliminary Simulation - C-jets rejection = F@COMM. RNNIP f. =0.07 7

- v§=13TeV, PFlow jets, Z' Sim. - == |ight-flavour jets rejection - Reference DIPS f, =0.07 J
[ 250 GeV < pr < 6 TeV == D|PS Default f =0.005

. e 1| *New b-taggers for ATLAS Run

: 3 physics programs are being
developed

e Already seen great

improvement in preliminary
results for high pT jets

® [he reason why projected
sensitivities are often
pessimistic
® Performance improvement!

c-jets ratio

light-flavour jets ratio
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http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/FTAG-2021-004/

Uncovered Phase Space
FTAG-2021-001
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e [eV scale jets are considered in these searches but the tagging performance
s only studied up to a few hundreds GeV in data

23 Bingxuan Liu


https://link.springer.com/content/pdf/10.1140/epjc/s10052-021-09843-w.pdf
http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/FTAG-2021-001/

b-tagging Calibration in Multi-jet Events

® Due to b-hadrons’ longer lifetimes they would
have tracks with positive large
p = 0

parameter

{s =13 TeV, 139.0 fb™

ATLAS Simulation Preliminary

70% OP, failed
[500, 600] GeV P Bin

o
o

g2 secondary
vertex

Fractions

o
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do\ I
‘ /" — primary vertex

—— b-flavor jets
------- c-flavor jets

— — |-flavor jets

O ] ] ] I | | ]
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ATL-PHYS-PUB-2022-010 ™™

24 Bingxuan Liu



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-010/
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b-tagging Calibration in Multi-jet Events
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-010/

b-tagging Calibration in Multi-jet Events

ATLAS Preliminary {s=13TeV, 1391b"

| | | | | | | | | | | | |

>~ ATLAS Preliminary {s=13TeV,139fb" —

—_
&)

Efficiencies
Scale Factors

DL1r 70% OP B stat @ Syst
-#- Data = Stat.

4 MC

DL1r 70% OP

1200 1200
Jetp_[GeV] Jetp_[GeV]

ATL-PHYS-PUB-2022-010 The perfpr"nance at TeV scale is not optimal.
Need to improve
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-010/

HF Measurement at High Energy Scale

S [ ATLAS Prelimnary  (5-13Tev, 13901" * Tuning the jet flavor fractions in
© — . .

i simulation to match the data

ke —4— 60% OP Fit , , o

= --4-- 70% OP Fit will s gﬂIfICaﬂt v reduce the

= -%:- 77% OP Fit :

= —+ - 85% OP Fit background estimate

pre-tag Region Fit

uncertainties

e Had a look at a specific phase
space (jets containing muons)
IN this calibration work

e A thorough measurement
would be ideal

I|IIIII|IIII
1000

O_IIII 11 1 IlIII|IIIII | 111
800

ATL-PHYS-PUB-2022-010

1200
jet P [GeV]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-010/

HF Flavor Associated Production

e Due to LHC PDF, soft additional heavy tlavor quarks are produced
e Extra objects to trigger on
e Additional heavy flavor quarks can go beyond the current tracker coverage
e [racker Upgrade (ITK) and forward flavor tagging

28 Bingxuan Liu



: HF Flavor Associated Production

——

4 Plenty room to optimize this
scenario:!




BSM Long-lived Particles (LLPs) Decay

e New physics can have particles
with significantly longer life-time
compared with the b-hadrons
* [hey decay further away from

Inner Tracker th c

Layers 0 33 50.5 88.5 122.5mm
30 Bingxuan Liu




Long-lived Particle Search

----- neutral displaced B BSM ® Of’[en cate Orize ‘On =
w— Charged aSCP dilepton M lepton : : J J
~— any charge W quark lived partlc\e
whme|  searches by where
P displaced the particle decays
rack d what the o
track lepton ana wnat the aecay
&oodepll, products are
e Displaced objects
e Jets, leptons,
NS photons, vertices
displaced : . | displaced e Nlon conventional
dijet | . n photon 0 bj octs
v ® Highly ionizing
_ : not pictured:
displaced v displaced out-of-time decays trgck, .
CMS Detector vertex GorTeian disappearing track

Figure credit: J. Antonelli
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Long-lived Particle Search

..... neutral HSCP displaced B BSM

-
w— Charged dilent ol S at e
= any charge e .qbup;:?;? I g n u r
photon
B anything -
B
disappearing displaced D r I Ve n =
track lepton
S CCLIIT T LOOk for
(L Dt special
N signatures in
displaced P 2K ) ) displaced the detector
dije ‘ S, photon
- ; = that have not
" . been searched
displaced [ - ".'“i'{,‘f‘ -
CMS Detector Certen displaced  out-of-time decays before

conversion

Figure credit: J. Antonelli
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Long-lived Particle Search

~ ¢ [hey are also well motivated theoretically
. e Predicted in many scenarios

e R-parity violated Supersymmetry

e [he lightest supersymmetric particles (LSP) can decay to SM particles
whose mean lifetimes are free parameters

e Becoming more important as traditional SUSY searches have excluded a
large parameter space

e Hidden valley scenarios

e A hidden sector is connected with SM and the new particles in the decay
chain can have long lifetimes

® HIgQs Is very sensitive to this scenario
e \Many other models as well
e Anomaly Mediated SUSY Breaking (AMSB), etc




Challenging!

® [he detectors were designed to
look for prompt decays or non-
orompt decays expected by SM

e Performance on exotic BSV non-
orompt decays were not
optimized

0 3 50.5 38.5 122.5mm
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b-tagging Long-lived Particles

* | ong-lived particles can have lifetimes similar as b-hadrons

e Can be b-tagged
e Standard searches with b-tagging have sensitivities to such LLPs

T * \We performed a re-interpretation of
 ATLAS the VH(H — aa — bbbb) search

B
5 (s=13TeV,36.1 10"
o

(& o206V o Observed | ; e Without changing analysis
S e S S strategy, the search is sensitive to
" cT, up to Imm

e Usually consider ¢t as a
parameter of the signal

e \/ery exciting to see the potential of
dedicated taggers targeting
intermediate lifetimes
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JHEP (2018) 31



https://link.springer.com/article/10.1007/JHEP10(2018)031

* Improving the performance on
those displaced signature
iIncreases the search sensitivity

3 50.5 38.5 122.5mm
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Large Radius Tracking in ATLAS

particle (LLP) searches

—
o

ATLAS Simulation Preliminary -

- L arge radius tracking

' ~
III|II|

-4+ Large radius and standard tracking

Displaced Ieptons
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Technical Efficiency

e | arge Radius Tracking (LRT) is a special tracking algorithm for long-lived

ATL-PHYS-PUB-2017-014

|III|III|III|III*IIIlIIIlIII

ATLAS Simulation Preliminary -

- [ arge radius tracking

-4 Large radius and standard tracking

Displaced hadrons
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¢ [t has been applied In many Run?2 LLP searches

e Good efficiency up to production radius ~ 300 mm!
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https://cds.cern.ch/record/2275635/files/ATL-PHYS-PUB-2017-014.pdf

VH4b Dedicated LLP Search

* Intermediate lifetime region has not
been covered well

e Displaced decays within the

A Clear Gap!

tracker volume . g .
e \We did a dedicated search using s ke :
L RT to cover this gap S [ arLas :
. . = "~ |s=13TeV }
e Searching for V+Higgs -> aa E 101 | crumstens2) imi §
(long-lived) -> 4 b-quarks via g S R :
displaced vertices (DV) > el e i5aev ‘
. “E ¢ —m,=25GeV —
reconstructed using LRT *  fx —m-40Gev z
O - €1 JHEP 10 (2018) 031 :
o | O! —e—m,=20GeV \\ )

A O: e m =30Gev S

107 { —e—m,=60GeVv E
— il nm. Ll . WRTTT B AW AT BN AW RTT m

10* 10° 102 107" 1 10 10® 10°
s proper decay length [m]

38 Eur. Phys. J. C 79 (2019) 481 Bingxuan Lit



https://link.springer.com/article/10.1140/epjc/s10052-019-6962-6

VH4b Dedicated LLP Search

* Intermediate lifetime region has not
been covered wel

| 1thi ATLAS
* Displaced decays within the ATLAS 1501 Vom
tracker volume ZH, H - aa s\ Bkg. p

, . . B(H — aa — bbbb) = 10%
e \We did a dedicated search using c

LRT to cover this gap

e Searching for V+Higgs -> aa
(long-lived) -> 4 b-quarks via s
displaced vertices (DV)

~

reconstructed using LRT ' -

1.2

0 1 > 2
Npy

Data/Bkg

e Signal region requires at least two
DVs

JHEP11(2021)229

. 4



https://link.springer.com/article/10.1007/JHEP11(2021)229

40

* Intermediate lifetime region has not
been covered well

e Displaced decays within the
tracker volume

e \We did a dedicated search using
LRT to cover this gap

e Searching for V+Higgs -> aa
(long-lived) -> 4 b-quarks via
displaced vertices (DV)
reconstructed using LRT

e Aiming at filling this gap
e And it did fill this gap

VH4b Dedicated LLP Search

Gap filled!

© /
© 1§ =
T : :
\I/ - —
x 107 E
S - ATLAS Preliminary - :
€ 1072k : fs=13Tev _
= = i m,=125GeV N -
O : : \-',\\ ’, :
o _3 m, = 15 GeV NP
o 107 . —— m,=35GeV E
] - 1 m, =55GeV CR+(MS1+MS2) -
O -5 m, =5 GeV -
o 10*=E: Prompt ---m, =8GeV —=
O - Of - m,=20GeV m, = 15 GeV :
o :D-§ --@- m, =30 GeV m, = 25 GeV _
107° : --@-m,=60GeV - --m, =40 GeV _
E ;Illlll ] IIIIIII| ] IIIIIII| ] IIIIIIII ] IIlIIIlI ] IIIIIIII | IIIIIII| 1 1 Illﬁ
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Mean proper lifetime ct_ [m]
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https://link.springer.com/article/10.1007/JHEP11(2021)229

NEW Large Radius Tracking in ATLAS IDTR-2021-003

e | RT has been significant updated/improved for Run3!
e Run2 LLP program can also benefit it from reprocessing

IlllllllllIIII|IIII|IIII|IIII
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ATLAS Simulation Preliminary Vs = 13 TeV—
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e Combined 7
W—=NI, N=llv «=  Large Radius Tracking —

my = 15 GeV, ct, = 100 mm ¢ Standard Tracking

_ e Combined i
VH, H—aa—bbbb «»  Large Radius Tracking —

m, = 55 GeV, ct, = 100 mm ¢  Standard Tracking
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/IDTR-2021-003/

NEW Large Radius Tracking in ATLAS

e Distance traveled before

Decay Within the LRT Reach L = 300 mm decaying: L = cpyt

e Save to assume a heavier mass
leads to a smaller y

e (Given the exponential nature of
the decays, the probability of a
LLP decaying within the LRT
reach (L = 300 mm) is
significant for a large part of the
parameter space

e Expecting good acceptance!

Probability

I I I I I I I I I I I
400 600 800

o
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NEW Large Radius Tracking in ATLAS IDTR-2021-003

. ® [he displaced vertex
2.2 — :
E _E_ATLAS Simulation Prefiminary ¢ (P Run2 Reconstruction performance Is
7 — ys=13 TeV, 139 fo ¢ LLP Run 3 Reconstruction - |mprOVed Slgnlflcant
8 1.8 VH.H-aa-bbbb [ Non-LLP Run 2 Reconstruction —
> 1 6E= m, = 55 GeV, ct.=100mm Non-LLP Run 3 Reconstruction _=
> = Active layers —
45_ {b\/ Q(\:\ Qi\g/ Qi\:b COO,\\ _E
1.2F =
= =
0.8{5 =
0.6 — e .
0.4 = Similar/Higher
0.2F . —= signal efficiencies
s 1
oC
S 107 T e e peem amem e o am o g T | 7Tt TTTToommommmsmmmsmessees :
S o Much lower :
fake rates 5
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/IDTR-2021-003/

NEW Large Radius Tracking in ATLAS IDTR-2021-003

A
———
—
— -

x10°
22_2—_"'|""|""|""|""|""|'---__+
- ATLAS Simulation Preliminary - = SO O
0 ¢ LLP Run 2 Reconstruction =
P °E /s =13 TeV, 139 fb” ¢ LLP Run 3 Reconstruction - Sensr'.'V'T'eS
8 1.8 VH H-—aa—bbbd e Non-LLP Run 2 Reconstruction —
S A M o P Non-LLP Run 3 Reconstruction = LL
Q .6E m, = 55 GeV, ct, = 100 mm Active layers - Of P
1.4 =
= o & & &F & =
268, = searches
i = .
05l = using the
0.6 — .
04 =3 | inner tracker
0.2 o _;

will be
amazing!

Run 3/ Run 2
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/IDTR-2021-003/

NEW Large Radius Tracklng in ATLAS IDTR-2021-003

* [he new algorithm only adds
~10% more tracks on average In
each event

* |t is enabled for every single
event collected by ATLAS

—
-
&)

IIII|IIII|IIII|IIII|IIII|IIII:

ATLAS Simulation Preliminary Vs =13 TeV -

tt all hadronic

—_
o
N

‘Number of Tracks

0 Standard Tracking
e No additional fi\tering ofr = Large Radius Tracking

. ' 103? —
processing Is needed - oo
* Save computational resource | | - i :
and person power | 10°F e 3
e Previously LRT was only applied f e :
to ~10% of the events collected | 10 4 " —
by ATLAS T | | | | | :
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/IDTR-2021-003/
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Filter (~10%)

Trigger

Standard
Reconstruction

Reconstruction
with LRT

Standard
Reconstruction
with LRT
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Make Traditional Searches More Sensitive to LLP

e Standard b-tagging is
clearly already sensitive to
LLP In a given phase
space

o \Vith the new LRI, we

H o ethdf R R | I!Ilill: | IIIII!
1 4

c‘ S1+MS2mit

107 — _
= m¢=1ﬁev = could make it more
L o : sensitive!
102 | miaecev * A simultaneous coverage
extension!
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Greatly Extend the Parameter Space
e Taking the SUSY

ATLAS SUSY Searches* - 95% CL Lower Limits ATLAS Preliminary

March 2022 \s=13TeV
Sinature_fam search program
1| L] L] L] L] L] T T I L] L] L] T L]
i, G—q¥) Ocu  26jots EX™ 139 1.85 m(¥?)<400 GeV 2010.14293
® mono-jet  1-3jets EFS 139 | g [8x Degen] 0.9 m(g)-m(¥})=5 GeV 2102.10874
) .
S 28 2—-qat) Oe.pu 2-6jets EMS 139 | 2.3 ~0m(/\7?)=0 GeV 2010.14293
& 4 Forbidden 1.15-1.95 m(¥})=1000 GeV 2010.14293
% 28, 3—qqgWi) Tepu 2-6 jets 139 |2 2.2 m(¥})<600 GeV 2101.01629
gz, 2—qa(COxX) ee, pu 2jets  EpSS 139 | & 2.2 m(¥))<700 GeV CERN-EP-2022-014
B 23, 3oqqWZH) Oe,u 7-11jets EP™ 139 | & 1.97 m(A’j’() <600 GeV 2008.06032
% SSe,pu 6 jets 139 g 1.15 m(z)-m(¥)=200 GeV 1909.08457 e X a l r I e
= 23, g1t 0-1e,u 3b EMs 798 | % 2.25 m(¥})<200 GeV ATLAS-CONF-2018-041
SSe,u 6 jets 139 g 1.25 m(g)-m(¥])=300 GeV 1909.08457
bib; Oe.u 2b EPS 139 | by 1.255 m(¥7)<400 GeV 2101.12527 '
by 0.68 10 GeV<Am(b; X1)<20 GeV 2101.12527 .
w < biby, by—b¥3 — bhi Oe,p 6b  EPS 139 |5, Forbidden 0.23-1.35 Am(¥3.11)=130 GeV, m(¥})=100 GeV 1908.03122 O I I - | V e
EEs 27 2b  EP™ 139 | b 0.13-0.85 AP, ¥%)=130 GeV, m(¥})=0 GeV 2103.08189
O .
§g iy, = O-1e,u >ljet  EF™ 139 | 4 1.25 m(t})=1GeV 2004.14060,2012.03799 . .
< g iy, i > WhE) Tepu 3jets/1 b EF™ 139 | i Forbidden ~ 0.65 m(¥})=500 GeV 2012.03799
Q& A1, I—oTiby, 11216 127 2jets b EPS 139 |7 Forbidden 1.4 m(71)=800 GeV 2108.07665 a r | ( : e S e a r< : | S
s £ if, ok /e ek Oe,u 2¢ Ep* 361 ¢ 0.85 m(¥})=0 GeV 1805.01649
™ O Oe,u mono-jet EF** 139 | 0.55 m(7;,8)-m(¥})=5 GeV 2102.10874
711, i —tts, X9 —Z/hi) 1-2e.p 1-4b  EMS 139 |7 0.067-1.18 m(¥3)=500 GeV 2006.05880
hiy, h—i +Z 3e,u 1b Emiss 139 [ Forbidden 0.86 m(¥7)=860 GeV, m(f; )-m(¥})= 40 GeV 2006.05880 O n a S m a
Y viawz Multiple ¢/jets EE?” 139 ,\"fz/,?g 0.96 m(¥})=0, wino-bino 2106.01676,2108.07586
ee, ppt >ljet EPM 139 | X4, 0.205 m(¥T)-m(¥!)=5 GeV, wino-bino 1911.12606
XX viaww 2e,u Ems 139 | X 0.42 m(¥?)=0, wino-bino 1908.08215 L L
XiXY via Wh Multiple ¢/jets E}'™ 139 | ¥{/X; Forbidden 1.06 m(¥1)=70 GeV, wino-bino 2004.10894,2108.07586 C a e O r O e
> B XA vial /v e EPS 139 | Y 1.0 m(Z,7)=0.5(m(¥;)+m(t})) 1908.08215 -
W L o) 27 EPS 139 |7 L fWRUN0H6:0:3 0.12-0.39 m(t)=0 1911.06660
S JrlR, -0 26, Ojets  Ep™ 139 |7 0.7 m(¥)=0 1908.08215
deu 23 e o | sSedadlC rograim
HH, H—hG|ZG Oe,u >3b Ea?ss 36.1 71 0.13-0.23 0.29-0.88 BR(Y] — hG)=1 1806.04030
depu 0jets Epe 139 @ 0.55 BR(] — ZG)=1 2103.11684
‘ Oe,u >2largejets E/™ 139 | j 7 7 0.45-0.93 ~BR(Y, — ZG)=1 2108.07586
Direct X1 ¥ prod., long-lived X7 Disapp. trk 1 jet Eliss 139 | X 0.66 Pure Wino 2201.02472
o X 0.21 Pure higgsino 2201.02472
[} .
S © stable z R-hadron pixel dE/dx EMs 139 |z 2.05 CERN-EP-2022-029
E, 523 Metastable g R-hadron, §—qg¥’ pixel dE/dx Efmiss 139 | & [r(® =10ns] 2.2 m(¥7)=100 GeV CERN-EP-2022-029
S S -6 Displ. lep EMss 139 | & 0.7 #(7)=0.1ns 2011.07812
— _ 7 0.34 7(f) =0.1ns 2011.07812
pixel dE/dx ET*™ 139 T 0.36 7(f) =10 ns CERN-EP-2022-029
e 1 l’gfg . : T e 39 U105 e ) ; “Pure Wino | 201110543 g
YiXT XS — wwyzeeeevy 4ep Ojets  EP™ 139 1.55 m(t})=200 GeV 2103.11684
28, 2-q9%), ¥ = qqq 4-5 large jets 36.1 1.3 1.9 Large 17, 1804.03568
=~ T, f—m\’?,)?? — ths Multiple 36.1 ). 1.05 m(¥})=200 GeV, bino-like ATLAS-CONF-2018-003
& i, i—bX7,X] — bbs > 4b 139 Forbidden 0.95 m(X7)=500 GeV 2010.01015
hiy, 1—bs 2jets +2b 36.7 42 0.61 1710.07171
fify, 1—ql 2e,u 2b 36.1 0.4-1.45 BR(f, —be/bu)>20% 1710.05544
1u DV 136 0< 4 1.6 BR(f1—qu)=100%, cos,=1 2003.11956
X5 1351300, 0 5 > tbs, X1 —bbs 12eu  >6jets 139 | ¢! 0.2-0.32 Pure higgsino 2106.09609
*Only a selection of the available mass limits on new states or 10! 1 Mass scale [TeV]

phenomena is shown. Many of the limits are based on
simplified models, c.f. refs. for the assumptions made.
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Greatly Extend the Parameter Space

o With LRT implemented In
standard reconstruction, all

\ =y Searches may be able to probe
6 the lifetime axis better
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LLP searches will gradually
become part of the
mainstream program
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Which means....we can consider
more




Strange Things We Have Probed

e Disappearing Irack:

e Charged LLP decays to a neutral particle
+ soft charged particle

tanB=5u>0
| | | | |

<

: P ATLAS
: - Vs =13 TeV, 136 fb”

Observed 95% CL limit (+1 o, )
= === Expected 95% CL limit (+1 o, )

——— ATLAS (13 TeV, 36.1 fb™', EW prod. Obs.)

SICIEIE ATLAS (8 TeV, 20.3 fb™', EW prod. Obs.)
XERERE Theoretical line for pure wino

400 600 800 » | 1000
m(x;) [GeV]
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Exotic Tracks: Appearing/Kinked Tracks

e Appearing lrack:

e Neutral LLP decays to a
charged particle + soft charged
particle: not able to form a
displaced vertex

e Kinked Track:

e A charged LLP decays to a
neutral particle and a charged
particle

53
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More Exotic: Dashed Tracks

e A unique signature rises
e Disappearing-reappearing-
disappearing patterns
® [rack characteristics:

* Missing inner hits along the
fracks or holes on tracks in
general

® |[f they are reconstructed as one
single track

A - % o Track pairs with the same
trajectory separated by a few
tracker layers

* |[f they are reconstructed as
various tracks
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Also This is Why | am Here Today:)

- *Diogo, Gabriele, Ellen and Sara investigated similar structures in the neutral
= sector [arxiv:2111.04775]

* | read this paper and wondered whether the model can have a similar charged
sector
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https://arxiv.org/pdf/2111.04775.pdf

Also ThIS |s Why I am Here TOday )
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Also ThIS |s Why I am Here TOday )

e Hard to be realized In

Fsoie rodks ;}C T [%_M( ’ arxiv:2111.04775

e
7
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e Other possﬂo\e candidate:
baryon genesis ....and
mayle your rrode\'?



https://arxiv.org/pdf/2111.04775.pdf

Also This is Why | am Here Today:)

| e Hard to be realized In
£ s legbal arxiv:2111.04775

e Other possible candidate:
baryon genesis ....and
maybe your model?
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https://arxiv.org/pdf/2111.04775.pdf

But
naturalness
nheeds mel

You are so
non-natural!

Bold Claims
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8 There is definitely room
for non-natural
sighatures!




Searching for them is a
natural choice!







