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Displaced Vertex Search for
Heavy Neutral Leptons

*Signal model

eDiscriminating variable: HNL mass
eBackground estimation

°Results
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Heavy Neutral Leptons
The Standard Model (SM)

Spin-1/2 fermions Spin-1
bosons
up charm top .
Spin-0
Higgs
boson

H

electrpn ) Higgs
neutrino (e} boson
o
o
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g e “ T : .
=1 &
D electron muon tau o -
e 0 arxXiv:1301.5516

e Best-known description of fundamental
particles and their interactions (except gravity)
o Neutrino oscillations suggest m,, > 0

o Non-zero m,, is not included in SM
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Heavy Neutral Leptons
The Standard Model (SM) SM Extension with 3 HNLs

Spin-1/2 fermions t?c?sig:s Spin-1/2 fermions bsssi,g:s
o e lr |8 et |8
up charm top up charm top
Spin-0 Spin-0
Higgs Higgs
boson = boson
oV 0 0 H
C T -
é Ie “ T § . El)._ elec:?)n rrk’ol;l ;E é . arXiv:1301.5516
c y=ctron muon tau 2 arxiv:1301.5516
e Best-known description of fundamental
particles and their interactions (except gravity) e Introduce right-handed sterile neutrino
e Neutrino oscillations suggest m,, > 0 states or heavy neutral leptons (HNL)

o Non-zero m,, is not included in SM
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Motivation tor HNLS

1. Origin of neutrino masses )

*Type-| seesaw mechanism: m, = —-Ymy'y"
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Motivation tor HNLS

1. Origin of neutrino masses )

*Type-| seesaw mechanism: m, = —-Ymy'y"

2. Matter-antimatter asymmetry of the universe
°|ncrease in charge-parity violation as a result of
neutrino oscillations in the early universe
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EXPERIMENT

Motivation tor HNLS

1. Origin of neutrino masses
* [ype-l seesaw mechanism: m, =~

2. Matter-antimatter asymmetry of the universe
°|ncrease in charge-parity violation as a result of
neutrino oscillations in the early universe

~ lllustration by Sandbox Studio

3. Dark matter candidate
eModels with at least three HNLSs can
incorporate a keV-scale sterile neutrino
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Experimentally Relevant Observables

+
a *HNLs experience “weak-like" interactions controlled
| U, | n by dimensionless mixing angles (| U, \2)
W+ ’
o1y, dictates kinematics of decay products
N > W i
*HNL lifetime; V¢ 2
| Uy my | U |
_ y |
lﬁ 7 10‘2-é —@— CTy =1 mm
o 107 —A— CTy = 10 mm
S e —— cTy = 100 mm Can lead to
Relevant Observables: o nteresting
= — > experimental
‘ U ‘2 MIXIHQ arg‘e betweeﬂ SM I Signatures from
neutrino and HNL = long-lived
— 10_8@ HNLS!
My HNL mass oy
mpy [GeV]
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=xperimental Picture

Decays too quickly

(\l_ 1 0-2 - . | Ir : arXiv: 1901 .09966:_
21 107 “E = \ ‘ m\ /7
10—4 g ;,l ¢
107> i = % Sy (Il‘ll‘)-‘l .
| ‘ NUTEY b .|, Target the long-lived
10 ?\d ' region of phase
-7 . -
i -P) \;,\949 = o , | space accessible at
-8 7 ' Do : . - .
10_9 v’\y/\ ) Too few decays in: 5 collider experiments!
10 i the detector
107" : volume
) ; : . Muon coupling dominance: ,
107" : Sée Saw . U UfUzg 0:1:0
107! E 1 10 0°
! , Gevl.] 1
E E Iy X 2
me=049GeV  my=53GeV my =91 GeV miy | Ug|
K — Y- B— - 7 =
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The LHC and the ATLAS Experiment

~

Large Hadron Collider

ALICE Collide protons!

messmmasmmonenntTnl ; .- == ————— = = . SR

AT, . (B == e 0 *ATLAS = general purpose particle detector
& | \WRVA ¥ JEpsE S SNy ’/nner detector
25m /e u;’;;‘;:f_?,{—f S ,, i

e A &
PR

) (electromagnetic & hadronic)
)

Tile calorimeters

- LAr hadronic end-cap and
forward calorimeters
Pixel detector _

LAr electiromagnetic calorimeters

Toroid magnets

Muon chambers Solenoid magnet | Transition radiation tracker (TRT)
Semiconductor tracker (SCT)
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Object Reconstruction
Standard:

(Constrained to originate from primary collision vertex)

Muon
Spectrometer (MS)

U 4
’
H '
’
’
Hadronic Calorimeter (HCal) ’
’
’
’
Electromagnetic Calorimeter (ECal) "
’
_ ’
Inner Detector (D) __| Ezgﬁg'ron Hadiation ¢
(Tracking) | Pixel/ SCT detector Prim 3 ry
Vertex (PV)

1.Muons (y): ID track + MS track
2 .Electrons (e): ID track + ECal deposit
3.Neutrinos (): invisible to the detector
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Object Reconstruction &) S ATLAS
Standard: Non-Standard:

(Constrained to originate from primary collision vertex)

Muon

M
Hon Spectrometer (MS)

Spectrometer (MS)

Hadronic Calorimeter (HCal) Hadronic Calorimeter (HCal)

+
| | €
Electromagnetic Calorimeter (ECal) Electromagnetic Calorimeter (EGal)

B " . § Transition Radiation . DV

nner Detector (ID) |~ panstion Radation Inner Detector (ID) 4 fracker :
(Tracking) | Pixel/ ST detector Prima ry (Tracking) _ Pixel/ SCT detector O Primary
Vertex (PV) Vertex (PV)

1.Muons (u): ID track + MS track 4 Displaced Vertex (DV): Common origin point for > 2
2 .Electrons (e): ID track + ECal deposit tracks that Is displaced with respect to PV
3. - Invisible to the detector § Requires special displaced track reconstruction
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Displaced Irack Reconstruction

EXPERIMENT

e Standard tracking quickly looses efficiency tor displaced tracks
e Large radius and standard tracks both used for displaced vertex finding
eComputationally expensive — special reprocessing required; limited to ~10% of data

ATL-PHYS-PUB-2017-014

3 1.6 B | | | I | | | | I | | | | | | | I | | I | | | | I | | ]
S S 4L ATLAS Simulation Preliminary -
Analyses % - Displaced leptons —e— Standard tracks -
/ = 12 --m-- Large radius tracks —
. O - --a GOombined N
Prompt - Standard reconstructed O L i -
[ Reconstruction data (AOD) — - pred P - =
) = B 08 I . =
+ - B Rl N - : |
- - ST 4 P F : _ 5
Specialized Filters { Analyses J 8 0.6 _—+-- ' "'?'“ —
/ &J - T Ao ;-
\ O e : ! | —
Secondary ) Specialized reconstructed data - o ‘*_ Bt A - _+_—
Reconstruction (DAOD_RPVLL) 02— ——o— ']
’ - T, | g
- - 0 ___..I | | | | | | | I | | | .I | | | | | | | | | Il |
~10% Large Radius Tracking & - 0 50 100 150 200 250 300
data Secondary Vertex Finding Credit: R. Newhouse
7 rod [mm]

Dominique Trischuk

CAP Thesis Prize Talk — June 6 2022


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2017-014/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2017-014/

ATLA

EXPERIMENT

Displaced Heavy Neutral Leptons

Experimental HNL Signature:
— Prompt lepton (used for trigger)
— DV with 2 opposite charge leptons

a N e
1 /AP A N el T N .
. “ Primary
N +%
Ol — ﬁ}/ N ~ W Displaced Vertex (PV)
e | Ug| Vertex (DV)

prompt  displaced

lepton  |gptons Vy

Six signal regions (SR):
J-pu, U-pe, y-ee, e-ee, e-ey, e-yd
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HNL Mixing Scenarios

1]

Realistic” multi-flavour mixing models

Mixing scenario benchmarks: consistent with neutrino oscillations data

oSimple model: One HNL with single-flavour //

mixing (1 SFH) Normal hierarchy 0.0 Inverted hierarchy

B Allowed by NuFIT (1o)
»Muon-only mixing (| U, |

2 Bl Allowed by NuFIT (1o) Muon- Allowed by NUFIT (20}
) MOI‘e W Allowed by NUFIT (20) / \only
da ta’ Allowed by NUFIT (30) 02 A Allowed by NuFIT (30)
2 ) m . ................. ) .

»Electron-only mixing (| U, |

arXiv: 210/7.12980

eRealistic scenario: Two qua gi-de gener gte X /N ________ > e
Wi t h M1~IM2 (2 Q D ) - - ..........

»Inverted hierarchy (IH) mixing (| U \z)m
,Normal hierarchy (NH) mixing (| U |*) {289y

e e RERTTEE R - .- CRCRRPRNNRPNPRRPRR SRR

- N . \ Electron_

0.0 0.2 0.4 0.6 0.8 1.0

UP= 2 1UF] | =10,PuP ¢
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Discriminating Variable: HNL mass ATLAS
*Energy-momentum conservation is used HNL mass: mﬁNL =P, +P +P, )2
to reconstruct the HNL mass (#yny ) - : arxlvzzof 1988

A LAS Background
/s =13 TeV, 139 fb"' 2\ Uncertainty

—h
-
L

eUses kinematics of charged leptons, W

mass and the flight direction of the HNL to U-ue, ct, =10 mm == Bﬁltf EGeV)
completely constrain the neutrino — — HNL (10 GeV)
momentum 10 SR;CR — HNL (15 GeV)

Events / 2.5 GeV
(@)

I EEENE = IIIIIII| I IIIIIII| I IIIIIII|

—

[ IIIIII|
e
ye

\\\\\\\\ \\*\\\*\\ |:\\%\\\

— . 0 5 10 15 20 25 30 35 40 45 50
flight T ML [GeV]

@ y direction
’ Simulated Signals

f;*‘
2
L

—h
<
[ IIIIII|_L
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Vlain Backgrounds

°Five main backgrounds that produce opposite-charge DV + prompt lepton:

Non-random Backgrounds

Material

Layer

Material Interaction

+ prompt lepton

2.

Iui
f’_‘l/;
Iu$

Metastable Particle Decay
+ prompt lepton

+

H j
Cosmic _

Muon u +

Cosmic Muon
+ prompt lepton

l\\

Z9— |l decay
+ third lepton

ATLAS

EXPERIME

eDedicated selections 1o remove non-random
backgrounds:
1.Material veto for ee DVs

2.DV mass (mpy) and radius (rpy) cuts to
remove metastable decays

3.Veto cosmic muons with track separation
cut (no back-to-back tracks)

4./ mass veto for same flavour opposite
charge pairs

Dominique Trischuk
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Vlain Backgrounds

°Five main backgrounds that produce opposite-charge DV + prompt lepton:

Non-random Backgrounds

EXPERIMENT

13

2.

€ li

. a
‘ Material
Layer

Material Interaction igvastable Particle Decay
+ prompt lepton + prompt lepton

/' / decay
Random Lepton Crossing
+ prompt lepton

Dominant Background!

1= Random Background

d.

L

+

e

Cosmic
Muon

Iui

Cosmic Muon Z°—1l decay
+ prompt lepton + third lepton
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Background Validation

> SRENSARASRRRE |-'--|---'|-"-|-'--|---n|-~-|u---:
D ATLAS . . ]
" 240— s =13 TeV, 139 fo" —T— Opposite-sign (OS)-
a — Validation Reglon _ -
Dominant _/ @30 enDVs Same-sign (58) - -
prompt E E E
background: lepton 20 —
LL _
. 107 H% -
Random Lepton Crossing - J_*._I_* "H ]
+ prompt lepton B o T -lel-—.l:
N4y T T T " -
3 2 + E
R ARARA T
*Use that probabillity for accidental crossing is S SN0 NS :
independent of the charges of the displaced O TONO 90 40 50 60 /0 B0 R e
tracks v [GeV]
>Study events In validation regior (VR) that Good agreement between vertices with two charged leptons
contains events with no prompt eptons with the same-sign (SS) and opposite-sign (OS) indicates

random crossings are the dominant background.
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Background Estimate

arXiv: 2204 11988

ATLAS 55

EXPERIMENT

eData-driven object shuffling method is used to
B R R N R R estimate the background from random lepton

> 3

010" ATLAS Background E -

(Lg - {s=13TeV, 139 fb" 2\ Uncertainty - Crossings
i 102 L M-ue, ot =10 mm —+— Data | eBasic idea:
- — HNL (5 GeV) =

[ ‘—;_, — HNL (10 GeV) -

g :

T §

+ Q) region (V
\\\\ INEE \\\
‘

» Take a prompt lepton from event with SS DV
In signal region (SR)
» Mix randomly with OS DVs from validation

3)

Prompt Lepton OS Displaced Vertex

10_1? l E
107° '“IIIII s
0 5 10 15 20 25 30 35 40 45 50 ss \/3
My [GeV] DV "
li
eThis method increases the available statistics !

(~x2,000) and creates a smooth distribution SR

VR

as a function of munL
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ATLAS

1t Model

*(Global fit for the signal strength, background yields and nuisance parameters is performed

%) 10° F——— — T —— —— T aXn 220411088

S - ATLAS 4+ Data :

) 102 /s=13TeV,L=139 fb~! B HNL Signal MC -
- Majorana, 2QDH (IH), 10 GeV, 10 mm Background 3 gjmulated signal samples
I 772 Uncertaint ]

data events ol i
(OS DVs)
10_1 3 / \

© 20— — . — ——— free-floating normalization

S o —— e (6 separate factors: one for each channel)

g 2777

= g %4

O _ O ——t—— ——t—— ——t—— ——t—— _?_. . ——t——

n SR CR SR CR SR CR SR CR SR CR SR CR

U—pp H—pe fi—ee e—ee e—ell e— MU

Signal Region (SR): munL < 20 GeV Used to constrain the
Control Region (CR): 20 GeV < mune < 50 GeV—— packground in the SR
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Results

*[it results are consistent with no significant excesses in any of the six channels
4 No new physics! @

Run fit
S ————_—
arXiv:2204.11988 arXiv:2204.11988
_I(B 103§ I B — I B I B T I E .ﬂ 1O3§ I B I B I B I B I B T T3
S - ATLAS + Data : S - ATLAS + Data :
0 102l Vs =13TeV, L=139 fo~! B HNL Signal MC - i 102 Vs =13TeV, L=139 fo~! Background -
- Majorana, 2QDH (IH), 10 GeV, 10 mm o Bi‘;‘;?{:l;ft‘d  Majorana, 2QDH (IH), 10 GeV, 10mm 777 miegzgz
I % INty | i | — ]
107 P 10'r e TV _
A 3 UV 7 7 s
10° 100647 | | | 2
z _ § | ////// // :
| | : A 770 B B i (.
_1:— = 10_1:— " . " ¢ ol R _ " " =
o : = b ///A R
E— T T T T — SN SN S | I 1 I | T - I
N B g 2 S
5 0 7 - W v e, 27
= 7Y = - ot - %
=4 o —— —— o =4 o —e—
A ——t+— ——t+— ——t+— ——t+— ——+— ——t+— o g— ¥ ——t+— ——t+— ——t+— ——t+— ——t+— ——+—
2 ° SR CR SR CR SR CR SR CR SR CR SR CR » SR CR SR CR SR CR SR CR SR CR SR CR

U—up U—He p—ee e—ee e—ell e— [l U—up U—le H—ee e—ee e—ell e— MU

Dominique Trischuk CAP Thesis Prize Talk — June 6 2022


https://arxiv.org/abs/2204.11988
https://arxiv.org/abs/2204.11988

ATLAS

EXPERIMENT

L imits For Muon-Only Mixing

0-2 arXiv:2204.11988
. @\ ATLASI | | | I— obs 55% CL
Muon-.only Mmixing - Majorana, 1SFH (u) _ 95% CL 1
Ul. UZ.UZ =0:1:0 . ! exp o |
/ et T s A b 1073 . BN flo .
arXiv:1905.09787 i +20 ]
T - - - 1 T T T T T

N_:s. 103 ATLAS /s =13 TeV, 32.9-36.1 fb” —
D | E , 95% CL exclusion § E

— - prompt T Observed (aispiaced, LNV) -

- ——— Observed (displaced, LNC) N

1 0_4 Se arCh ............ Expected

[ Expected + 1o
(] Expected + 2¢

[ IIHH’

| | IIIIII‘

107° = = __
10—6: . : _7:\/5:13|Te ,L:|139fb_1| | | |
>0 10775 4 6 3 10 12 14 16
My (GeV] m_y [GeV]
2015-2018 Data Result:
Displaced HNL result OW-Mass: ~1 GeV ilmprovement
with 2016 data only nigh-mass: ~3 GeV improvement

~x3 stronger limit on | U, B

Dominique Trischuk CAP Thesis Prize Talk — June 6 2022


https://arxiv.org/abs/1905.09787
https://arxiv.org/abs/2204.11988

Exclusion Limits Summary

2 arxXiv:2204.11988
— 10~ ! ! ! ! EN
oy - ATLAS 2QDH (NH): :
S - Majorana U|%(0.06,0.48,0.46)
. TN 2QDH (IH) i mixing
. U|2(0.33,0.33,0.33)——
S _ —=- 1SFH: |U*(1,0,0) ——> Electron-only m
SEp \ —= ISFH:UP(0,1,0) _ mixing
| = 1) :
g\ I ““ ~..,... 1
—5L . O

10—3 < |U‘2 < 10—7 S 10 § E Muon- Only
| N, T

= mixing
- oF T _—

! §10_7 Vs=13TeV, L=139 b1 .
— 2 4 6 Q 10 15 7 ?

3 <my < 15GeV

e|_imits span a challenging long-lived region of phase space
*|nterpretations assuming various mixing scenarios provide constraints for theoretical predictions
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Future of Long-Lived Particle Searches

ATL-PHYS-PUB-2021-012

| HC timeline: 50000 g E——— Ll

T I
S 45000EATLAS Preliminary

= Run 2 Data Reconstruction

©
' 40000 EATLAS Tracking CPU vs <u>
R = 35000 E-LHC Fill 6291

un 2 o 3000F -

—m— Run 2 Reconstruction
LHe —o— Run 3 Reconstruction without LRT
— —e— Run 3 Reconstruction
’ Run 2 ‘ | Run 3
L

i\§< 500 Reduced
2333 required

: 30000 CPU

2322 resources

W
-
o
o
o

| |

N
O
S
S
S
NLL

LSt S2 ) EVETS 15000 1 5000
Diodes Consolidation == y \\\\\\3\ by a faCtor
BTy gl ceretaer 10000 N 1 oD
7 Tev R2E project regions Civil Eng. P1-P5 : \‘ 58 f -~ 2
: LHO Fill 7358 45000 O :
L GALN

w2

ATLAS - CMS

experiment upgrade phase 1 d1
peam Pl ALICE - LHCb .8

75% nominal Lumi upgrade o - -
I/—I - 0.6 ................................................................ = W e T s _E AR RN RN 6

- - a — 3

30 b | B .4 eeeeememmmeeee et e T _E \4
025302530 35 40 45 50 55 80 80 , 90 °

()

Today! J
Avg. number of proton interactions per bunch-crossing
e Exciting prospects for next LHC data taking period (Run 3)

»Optimization of large radius tracking (LRT)
»Lots of room for improvements in long-lived particle (LLP) searches with displaced tracks
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Future of Long-Lived Particle Searches

e Optimization of LRT for Run 3 will mean:
///:\\\ » All data available will now include displaced reconstruction — better validation
/ \ and control regions are possible
| k\ /) | »Signal to background ratio (S/B) improves dramatically (fewer fake tracks!)
\ = / »We can bridge the gap between prompt and long-lived searches

i *New opportunities for discovery!

r R

Standard + LLP

Analyses
N y
/ Secondary Vertex Data available to LLP 5
Findin > ata
C Prompt + A : D : D)
disol a‘:: od Standard reconstructed ata available to LL
P > data (DAOD_PHYS)

u Reconstruction y

Larqe Radius Trackinq Credit: R. Newhouse
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Summary

Displaced Vertex Search for
Heavy Neutral Leptons

*NO new physics

eBrand new results for electron-only anad
multi-flavour mixing scenarios
°|mproved limits In muon-only mixing
scenarios
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HNL Production and Decay

I I
[T [t
W+ Mw/ 4 W"‘ WM/ I
N W+* N Z*
l'; Vy VB Ly
(a) Charged current decay (@ — By) (b) Neutral current decay (a — yy)
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HNL Decays

Lepton number conserving (LNC) Lepton number conserving (LNV)
s la
I7 I5
W A W L
R - .
| N I N ® ly
* Depending on the nature of the HNL,
lepton number violating decays are W W
possible
Vy Uny
o ATLAS search considers both:
", (a) LNC (b) LNV
» “Dirac-limit”: 100% LNC
» “Majorana-limit” 50% LNC / 50% LNV 5 5 1u W/ 7%

\ / \y
Limits are provided for both scenarios. / ‘7. N
l;/u‘ﬁ

R

Different angular distributions!
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Analysis Selections

Level

Selection

Value

Pre-selection

Event cleaning

Trigger

Trigger matched lepton

Primary Vertex

DRAW Filter

Prompt lepton quality

Prompt lepton impact parameters
Trigger matched lepton

Cosmic veto
Displaced lepton-only vertex

Standard ATLAS event cleaning
Pass at least one single muon or electron trigger
At least one lepton with Medium (or LHMedium) quality
At least one (standard ATLAS selection)
Pass any HNL filter
Medium (muons) or LHMedium (electrons)
do < 3 mm and |zpsinf| < 0.5 mm
At least one
VEn)? + (7 — Ag)? > 0.05
At least one

Number of tracks in DV 2
Fiducial volume 4 < Lyy <300 mm
SR selection DV charge Opposite-sign tracks
Prompt+ disp. [ charge Opposite-sign leptons
(one Dirac HNL single-flavour mixing model only)
DV type ee, el Or upu vertex
Displaced lepton quality Medium (muons), VeryVeryLoose (electrons)
Material veto Applied for ee DVs only

B-hadron veto
Z. mass veto

Tri-lepton mass
HNL mass

mpy > 3.5 GeV (uu DVs)
or Diagonal mpy-Lyy cut (ee or ey DVs)
Mprompt+disp.lep. < 80 or Mprompt+disp.lep. = 100 GeV
if prompt and displaced leptons have same flavour and OS
40 < mp < 90 GeV
MUNL < 20 GeV

ATLAS

EXPERIMENT

UBC

[N————]
P |y iy
—i\nviyi-

Dominique Trischuk
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| ong-Lived Non-Standard Reconstructi@ SATLAS

ATL-PHYS-PUB-2019-013

1.6

g J. | | | L II | | | L II | | | L I| | | | | I_ arX|V220411988
W 1 41_ ATLAS Simulation Preliminary Vs= 13 TeV E I 0'45 ATLAS Simulaton =~ . 1
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Vletastapble Particle Decays

* DV mass and radius selections used to remove OS backgrounds

’ui
Metastable particle veto: FL{/W -
u¥

» Study data events in validation region (VR) e DV Mass Cut (e-up and p-pp) : mpy > 5.5 GeV
’ Dlagonal Cut (e_eu’ HHES, ©-CC ana u—ee): Metastable Particle Decay
. . . >55GV,f <32 + prompt lepton
* Regain sensitivity to low DV mass HNLs using DV mass and radius cut » Moy . gev' "DV hm prompt ep
» Selection is sufficient to remove J\r—pup decays, so a flat DV mass , Mpy > — rpy + 7 GeV, if 32 mm < rpy < 107 mm

150 mm

only cut is used. » mpy > 2 GeV , if rpy > 107 mm
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Displaced Vertex Systematic

EXOT-2019-29

Uncertainty Source
Channel

Maximum Selection Efliciency Uncertainty [Y]

p—p  p—pe p—ee e—ee e—eu e—Up

Integrated luminosity
Pileup
Filter discrepancy

W W W N

Tracking
Displaced vertexing 11 21 19 20 28 9

Lepton d( extrapolation S 7 7 7 6 4
Trigger efliciency <1 1 <1 <1 <1 <1
Lepton reconstruction and identification 4 9 12 17 15 2
W cross section and modeling 3

HNL branching fractions and decay S

Total 8 —33
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e | argest contribution to the signal efficiency
uncertainty is due to the reconstruction of
displaced vertices

e [Nis uncertainty Is evaluated with K;) — I
decays selected in dijet simulations and
data in the validation region with zero prompt
leptons

*The vertexing uncertainty is parametrized as a
function of pr and rpy
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Cross Section Systematics
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Cross section uncertainties:

* W cross section uncertainty is taken from ATLAS
measurement of 6(pp = W) - BR(W — [ v)
» This 3% is also sufficient to cover and systematic
from the W pr modelling

* The uncertainty on the HNL branching ratio

calculations are conservatively estimated by taking
into account perturbative QCD corrections

HNL cross section:

ON 2([)17—) W) . BR(WD Xg * |®tot|2 .

.

m2 2 m2
1- =" |1+ —-|{BR(N - Igl,v)
my, 2mW

5%
(theory)

3%
(experiment)
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Other Signal Systematics

EXOT-2019-29

Uncertainty Source
Channel

Maximum Selection Efliciency Uncertainty [Y]
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Lepton dy extrapolation S5 7 7 7 6 4
Trigger efliciency <1 1 <1 <1 <1 <1
Lepton reconstruction and identification 4 9 12 17 15 2
W cross section and modeling 3

HNL branching fractions and decay S

Total 8 —33
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e Standard luminosity, pile-up uncertainties

e Filter discrepancy accounts for the difference
between the objects selected in data and MC due
to an event filter use to run displaced tracking

* Track reconstruction uncertainty is calculated
with a central tool that randomly removes tracks
with a probability parameterized in pr and n

. accounts for
the differences in lepton identification between
data and MC when the leptons have a large do

e Standard lepton calibration, identification,
reconstruction and trigger uncertainties
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1t Model

A global fit for the signal strength (i) performed using a profile

likelihood (&) -
. 103 _ _ _ _ _ ar)l(lv.22C|)4.1I 19.88:
- - = L ATLAS 4 Data :
*Fit model inputs: Sl 5= 13TeV, L— 139 fb-! mmm HNL Signal MC -
1 . EVG qt ye dS f "OIMm data eventS (OS DVS) 10 ? Majorana, 2QDH (|H), 10 GeV, 10 mm Backgro.und i
2. Event yields from simulated signal samples ol 4 T L,Jj/c/e//”a'”ty -
3. Event yields from - / //m
free-floating normalization (6 separate factors; one for 0% 7 | 1 7
each channel) S s | 7 2
. . _ _ 10~k
oSystematic uncertainties are included as nuisance parameters (6) z :
g W T L
- 0]
*Inclusion of the control region (CR) in the fit directly constrains S 0 Z 7/ =
the predicted number of background events in the SR S bl o |1 TTher—ed
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Highlight of Changes to LRT in Run 3

Tightening of cuts which are applied at
several stages of track reconstruction

See ATL-PHYS-PUB-2021-012
for more details!

The earlier the cuts can be

applied, the less CPU time is
wasted processing fake tracks
in later steps

Space Point
Formation

Ambiguity TRT

Seed Finding Track Finding Resolution Extension

N

-~

Only SCT is used for seeding as

opposed to SCT or Pixel seeds 3-space-point seeds CPU dominated by track finding
must be confirmed by and ambiguity resolution steps
a fourth

Changes in the seed
ranking decides the order in

which tracks are processed Credit: R. Newhouse
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| RT In Run 3

CPU Disk Space

ATL-PHYS-PUB-2021-012 ATL-PHYS-PUB-2021-012
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