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Motivation

Many Beyond the Standard Model (BSM) theories
that predict new phenomena decaying to dilepton
final states . \

Grand Unified Theory (GUT)

= Unification of Standard Model forces at very high
energies
= existence of dark matter and neutrino masses

EXPERIMENT

ATLAS

Seesaw mechanism

= Address the question of neutrino mass generation

Leptonic final states are historically channels of
discovery and precision measurements

= Low-background and efficient experimental

signature ee ATLAS event display
= ATLAS detector’s excellent energy and Mee = 4.06 TeV
momentum resolution




ATLAS Exotics Searches* - 95% CL Upper Exclusion Limits

ATLAS Preliminary

Status: May 2019 JLdt=(32-139) bt Vs=8,13TeV
Model ty Jetst ET™ [rdifib Limit Reference
T T
ADD Gyk +g/q Oep 1-4j  Yes 361 |Mp 7.7 TeV n= 1711.03301
@ ADD non-resonant yy 2y - - 37 [Ms 86TeV  n=3HZNLO 1707.04147
S ApDOBH - 2] - 370 My 89TeV 6 170308127
£ ADDBH high 3 pr zlep  22f - 32 [Ma 82TV n=6Mo=3TeV,rolBH 1606.02265
£ | ADDBH muljet - 23j - 36 | M 9.55TeV. 6, Mp = 3TeV, rot BH 1512.02586
B | RS Gk >y 2y - - 367 |Gumass 41Tev 170708147
BUkRS Gk » WW/ZZ  multi-channel 361 | G mass 23TeV. 1808.02380
5 Bulk RS Gkk — WW — qqqq e - 139 [Giimass 1.6Tel ATLAS-CONF-2019.003
Bulk RS gk — tt Tesu >1b>102 Yes 361 |@wxmass 38TeV F/m=1
2UED/ RPP leu 22b>3) Yes 361 |KKmass 1.8TeV Tier (1,1), BAM)  ¢t) = 1 1803.09678
SSM 2/ — 1t 2eu - - 139 |Zimess 54TeV 1803.06248
SSMZ' -t 27 - - 361 | Z'mass 2.42TeV 170007242
E Leptophobic 2’ — bb - 2b - 361 [Zmass 24TeV 180509299
Leptophobic 2" — tt Teu 2162102 Yes 361 | Zmass 3.0TeV. rm=1% 180410823
8 ssuw-o Ten - Yes 139 | Weimass 6.0TeV GERN-EP-2018-100
S ssMw ooy i - Yes 361 | wrmass 3.7 TeV 1801.06992
3 HVTV' > WZ - qgggmodelB Oep 24 - 139 |Wemass 36TeV 5 ATLAS-CONF-2019.003
G HVTV' - WH/ZHmodel B muli-channel 361 | Vmass 293TeV 2 171206518
LRSM W — tb multi-channel 361 | Wamass 3.25TeV 1807.10473
LRSM W - uNg 2 - 80 | Wgmass 5.0TeV. m(Ng) = 0.5 TeV, 5 = gn 1804.12679
Clqqqq - 2j - 370 |A 21.8TeV 7, 1703.09127
Clttaq 2eu - - st [a 400TeV. 7, 1707.02424
Gl eeee Step 21b=1] Yes 361 |A 2.57TeV Cul = 4 1811.02305
Axial-vector mediator (DiracDM) O e, 1-4]  Yes 361 | inea 1.55TeV 0.25, g,=1.0, m(x) = 1GeV. 171103301
= Colored scalar mediator (Dirac DM) 0 e,y 1-4j] Yes 361 Mmod 1.67 TeV. £=1.0, m(x) = 1 GeV' 1711.03301
S VW) EFT (Dirac DM) Oeu  14<1j Yes 32 M. 700 GeV mix) < 150 GoV 160802372
Scalar reson. ¢ — ty (DiracDM)  0-1e.n 16,01J Yes 361 [ms 34TeV y=04,1=02,mly) = 10GeV 181200743
Scalar LQ 1% gen 12e 22]  Yes 361 |LQmass 14TeV p=1 1902.00377
Q  Scalar LQ 2" gen 12p =2j Yes  36.1 LQ mass 1.56 TeV. B=1 1902.00377
= ScalarLQ3“ gen 27 2b - 361 [LOymass 1.03 TeV BLQY — br) 190208108
Scalar LQ 39 gen 0-1eu 2b Yes 861 LQY mass. 970 GeV B(LQ - tr) 1902.08103
VLQ TT — Ht/Zt/Wb+ X muli-channel 361 | Tmass 1.37TeV SU(2) doblet 180802343
B voes . wyzosx multi-channel 361 | Bmass 1.34 TeV SU(2) doudlet 1808.02343
SE VLQTsuTenlTos» We+ X 288)23ep>1b,>1] Yes 361 |Topmass 164 TeV 1807.11883
£33 vy wbix en  =1b=1j Yes 361 |Ymass 1.85TeV 1812.07343
VLA B = Hb+ X Oeu2y 21b>1j Yes 798 |Bmass 1.21TeV ATLAS-CONF-2018.024
VLQ QQ - WaWg e 24 Yes 203 1509.04261
§@ Exciedauarkq - ag - 2j - 13 67TeV. only u” and d (@~ ATLAS-CONF-2018.007
3 § Excited quark ¢* — qy 1y 1 - g7 53TeV. only u” and d*, A = m(q’) 1709.10440
'g E Excited quark b* — bg - 1b,1j - 36.1 1805.09299
WG Excited lepton 3ep - 203 A=30TeV 14112021
Excited lepton v* 3eut - - 203 A=16TeV 14112921
Type Ill Seesaw Ten 22)  Yes 798 |NOmass 560 GeV ATLAS-CONF-2018.020
LRSM Majorana v 2u 2j -2 32TeV m(We) = 4.1 TeV, 8 = g1 1809.11105
§  Higgs tripiet H= - (¢ 234eu(SS) - - a6t 870 GeV DY production 171008748
£ Higgs triplet H*= — 1 3eut - - 208 DY production, B(H;*  (7) 1411.2021
S | Multicharged particles - - - 361 | muicharged paricemass 122TeV DY producton. q = 5 181209673
Magnetic monopoles - - - 344 [monopolemass 237 TeV DY production, lg| = 1gp. spin 1/2 1905.10130
V5=13Tev L
partial data full data 107! 1 10 Mass scale [TeV]

*Only a selection of the available mass limits on new states or phenomena is shown.

t Small-radius (large-radius) jets are denoted by the letter j (J)
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ATLAS Exotics Searches” - 95% CL Upper Exclusion Limits ATLAS Prosemory
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arXiv:1906.05609

Exotics Searches® - 95% CL Upper Exclusion Limits ATLAS Prowmoary
Status May 2019 ftacp2- e’ Vet 13T
.o Ly
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https://arxiv.org/abs/1906.05609

EXPERIMENT

ATLAS

EXPERIMENT
Run 73

Event: 370829290
2016-06-13 06:52:57 CEST

3

$ATLAS

ps =1.1TeV Pt =24 TeV
Emiss — 1.1 TeV Epss =27 TeV
mr =22 TeV mr =5.0 TeV

Highest mass event for ;1 channel. One of the highest for e channel
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Analysis overview

Additional charged gauge bosons W’ appearing in extended gauge models
= Decay of W' — Iv

= Events with a single lepton (e or x) and missing transverse energy (ET™*)

=" Deviations from SM prediction in mt
distribution u £

= mr = /2prENis(1 — cos¢y,)

=" Benchmark model: Sequential Standard
Model (SSM)

= Same couplings to fermions as SM W W/

Q)
T
~



Background estimation

Data / Bkg

Data / Bkg

(post-fit)

10% e T —————7 T ——— @ T T T ————
—W (3TeV, E e — W (3TeV Data
ATLAS —W@Iew . Data & 10° ATLAS o Tw 54 Tew) -
Vs=13TeV, 139 fb” w(sTey) LW @ 7B (s=13Tev, 139067 _w §5TeV gw
- - Y \ - —w Top quark
W’ — ev selection —W (6Tev) EBTopquark W’ = pv selection W (6Tev) ETop
ij Z/
DMuI}IJet 108 DD'Z
Ozhy [ODiboson
[ Diboson 10° OMultijet

ot oo v il ol vnd ol ol ol 10

P 1)

N
4
O
+
\ | * A , , L ,
200 300 1000 2000 200 300 1000 2000
Transverse mass [GeV] Transverse mass [GeV]
ev channel uv channel

= Background distribution evaluated from simulation (template-based analysis)

Data-driven estimate of the multi-jet background



10€ 5 o 10 —— T T
E ATLAS 3 = ATLAS
r Vs =13 TeV, 139 fo" 1 8 Vs =13TeV, 139 fo'
1 W — ev = - 1 W — uv
F Y 5 0o
oA A A N To ST S T W A
SSSSRSS  SSSSSEOOSOS EP LY OSSN 7S OO
102 - 1072
1037— 3o 10*24' """""""""""""""""""""""""""""""""" e
I | . e Y R . ]
2x107" 1 2 3 4567 2x107" 1 2 3 4567
m(W’) [TeV] m(W’) [TeV]
ev channel uv channel

= Local p-value distribution for W’ bosons in the SSM with mass between 0.15 and 7 TeV
in ev and puv channel

= Largest excess: my = 625 GeV (ev, 2.80 local, 1.30 global significance)
= Largest excess: mys = 200 GeV (uv, 2.10 local, 0.40 global significance)



Results

o 10g T :
% g ATLAS E
8 - Is =13 TeV, 139 fb' 1
— 1E W v E
e i e LR e NELD R 5 Oc
R N A WY SRR A 0 WY 116
107 E
S . 2c
0% E
QU TTTTTI T =1 30
107 — - N
2x10° 1 2 3 4567

m(W’) [TeV]

= Local p-value distribution for W’ bosons in the SSM with mass between 0.15 and 7 TeV
in combined channel

= Largest excess: my, = 625 GeV (1.80 local, 0.50 global significance)



Benchmark limits

= 10— T g
= o ATLAS . Simi 3
= B _ 1 " Expected limit
T V§’-13TeV,139fb -
= W —iv Expected + 16 3
é10,1 95% CL Expected £ 20 |
© = — Observed limit E
102 —SSM E
10_3; =

1074
R R BN BRI BRI R R

3

m(W") lower limit [TeV]

Decay Observed  Expected
W' — ev 6.0 5.7
W’ — uv 5.1 5.1
W’ — (v 6.0 5.8

= Upper limits on the cross-section on the production of a W’ SSM boson decaying to only
one lepton generation (o0 xBR) are computed at the 95% CL

= Bayesian analysis with a uniform positive prior probability distribution for o xBR
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Generic limits

10

a ET T TTTTT T T UL L B -
& - ATLAS IW)/mW) =015
% 1k £=1iTeV,139fb“ (W) / m(W) = 0.10
- E = 3
= - - . — I(W)/m(W)=005 3
g- la Observedollgwlts\;t’%ﬁ CL DWW /m(W) =002 ]
% - m, > 0.3 m(W) —— (W) /m(W) = 0.01 3
102 -
10°% -
104 ~

C |

0 7

m(W) [TeV]

= Generic fiducial cross section limits set on my, > 0.3 X my-

= Different choices of I'(W’)/m(W’) ranging between 1% and 15%
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PLB 796 (2019) 68

ATLAS Exotics Searches® - 95% CL Upper Exclusion Limits ATLAS Prowmoary
Status May 2019 ftacp2- e’ Vet 13T
Model Ly doet B ooy
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https://arxiv.org/abs/1903.06248

ATLAS . ATLAS

EXPERIMENT e EXPERIMENT

Run Number: 327862, Event Number: 1045863550 . Run Number Event Number: 1440

Date: 2017-06-26 10:52:22 CEST _. o Date 09-29 11:44:35 CEST

my, = 2.75 TeV Mee = 4.06 TeV




ATLAS
(s =13 TeV, 139 fb*

Analysis overview
= First ATLAS full-Run 2 result (139 fb™ ')

Events / 10 GeV

|| .
=" Search for new resonances in me. and my,,

e Data
—— Background-only fit
---+ Generic signal at 1.34 TeV, [/m = 0%

Event Selection:

- Generic signal at 2 TeV, T'/m = 0%
+ =+ Generic signal at 3 TeV,'/m = 0%
I

L}
«* Two same flavor leptons 107

4
225 < my < 6000 GeV ?‘:_‘ 2*& A st b {++ Wbt b s 4]
&SP MR R T T Rt 7
Background: 5 2
= 3x10? 10° 2x10°  3x10°
= Parametric functional fit to data Me. [GeV]
foe(mee) = a - faw, z(Mgg) - (1 — x€)P - $Eho pilos) E 10 e ATLAS
. . S Is=13TeV, 139 fb™*
Generic Signal: °
= Non-Relativistic Breit-Wigner ® &

(Gauss+Crystal-Ball)

—— Background-only fit
---- Generic signal at 1.34 TeV, I'/m = 0%
- Generic signal at 2 TeV,'/m = 0%
- Generic signal at 3 TeV, [/m = 0%

0t 4 B oaad n
) ﬁ# ¥ H{ﬂw R** *#*’ ﬁw} #&ﬁ'aﬁ#ﬁ ++ﬁ+f+m+w$ﬁ&km“"" """""""" n
= omg® > (mee — 2Tx) 3x10? 10° 2x10°  3x10°

= | n]<25, prec > 30 GeV m,, [GeV] |

= Accounts for detector effects

= Fiducial region defined for hypothetical o

signal X

ANOND

(data-fity/c

23



Results

Local p-value

* Local significance for 0-width resonance

«" Largest excess:

" -3
* 774 GeV (ee, 2.90 local, 0.10 global 107
significance) F A‘FT'-AS o --ee C:a""e:
. 1oL 1E=13Tev, 139 -y channe
: 2_67.G.eV (pt, 2.40 local, 0.30 global £ Oawidth resonance — Il channel
significance) Y ‘ L
. 3x10 10° 2x10°  3x10°
= Combination of ee and puu channels m, [GeV]
assumed the lepton flavor universality .
.. ATLAS (s=13TeV,139fb" X - II
explicitly 10 35

T/ m, [%]

» 264 GeV (Combination 2.3¢ local,
~ 0o global significance)

©

«* Measured local significance as a function
of pole mass (my) and signal width
(Tx/mx)

Local significance [o]

3x10? 10° 2x10*

my [GeV]
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——
ATLAS
Vs=13TeV, 139 fb*
X ol

107
1072 L —— Observed limit at [/m = 10%
E o Expected limit at ['/m = 10%
F ==Trim=3% ===T/m=0% —— Z'ggy model ]

e b e b e L Ly

[
1000 2000 3000 4000 5000
m, [GeV]

6000

Lower limits on m,/ [TeV]

Model ee o o
obs exp | obs exp | obs exp
Z;/, 41 43[40 40|45 45
Zy 46 46 | 42 42 | 48 438
Zism | 49 49 | 45 45|51 5.1

= Generic limits are calculated for various width assumptions of signal shape

= The generic cross-section limits at [/m = 0.5%, 1.2% and 3.0% are compared with

predictions of Z/ , Z>’< and Z¢,, , respectively, to reinterpret them and obtain mass limits
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Heavy Vector Triplet Lim

;‘
)]

o Il g o e
o> 08: ATLAS Observed 3 = E ATLAS Observed 7
c .o —_ - —_
= [ (s=13TeV, 139 fb™* Zor— 11 = [ /s=13Tev Zoyr—- 3
3 oo E g 8 s0m’ E
o E | o
c 04— e ——] c - |
k=l £ T —— - B 2 E E
E O e = g
] Co T e | —
w o -
0.2 emenreneren T —-——__“' .......................... o = —— 4
04 ——"" T — =
—o.e/’/\ 4
'0'8;7 ------- 3TeV ——4TeV —— 5TeV 7; 7;
e v b e e b b e b 0 Lde v b o Lo d
L = E 0 1 2 3 2 04 1
Higgs and vector boson coupling g, Quark coupling 9,
{gn, gr} with gr = ge = g4 {84, 8¢} with g, =0

= The generic results are converted Heavy Vector Triplet (HVT) Limits

= HVT bosons can couple to fermions (f), leptons (1), and Higgs (h)

= Limits on HVT couplings for resonance masses 3, 4, and 5 TeV

= Areas outside the curves are excluded
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arXiv:1904.12679

Exotics Searches® - 95% CL Upper Exclusion Limits ATLAS Prosenry
Status May 2019 Jtacn2-1me’ Vit 13T
Model Ly
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https://arxiv.org/abs/1904.12679

Heavy neutrino and a charged lepton - overview

= Based on Left-Right Symmetric Model " : . for W, Not
(LRSM) theory with right handed « Investigates signature for Wg — Mg

Neutrino (NR) mass smaller than right decays
handed gauge boson (WR) = Nr— 5
. ) . = highly collimated objects from decays of
=" Search performed with 80 fb™" of ATLAS boosted particles give large radius jets
data (R=1) — (jn)

» Final state signature ¢*y
= Observable: my,

= Unique topology in e channel where jy
contains subleading electron — Ng

= Complementary approach in mu channel
where jy + subleading muon — Ng
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Background estimation

Events/200 GeV

Significance

Electron channel ATLAS
° Vs =13 TeV, 80 fb™

Signal: M, M,
[GeV], [Eev]
— 300, 3000

--BG uncertainties
| | \

1

500 1000 1500 2000

2500 3000 3500 4000 450

mGeV]

Data-driven background estimation:

= mw, <2 TeV control region

Events/200 GeV

Significance

BG uncertainties
) 4 I

Muon channel

‘
ATLAS
Vs =13 TeV, 80 fb™

500

1000 1500

extrapolated to single-bin signal region of my, > 2 TeV

35004000 450¢

mhHL 2[Geyv]

2000 2500 3000

Comparison of the m{#72 distribution between data and the fitted background prediction
for the electron (left) and muon (right) channels

Two signal scenarios considered in this search are overlayed
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Results

Electron Channel

Muon Channel

Signal (myy, = 3 TeV, my,, = 150 GeV) 346128
Signal (my;, = 3 TeV, my,, = 300 GeV) 471182
Signal (my,, = 4 TeV, mp,, = 400 GeV) 6619,
Expected background 2.870%
Observed events 8
Significance 2.40
p-value 0.0082

411t§g
429730
574

0.5
1.9152

4
1.20
0.12

= Using single bin poisson counting experiment

= Observed yields and expected background and signal yields in the signal region

= The significance and the p-values are shown for the background-only hypothesis
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Benchmark limits

[GeV]

Z:‘1500* Vs =13 TeV, 80 fb™*

m

10001

500~

N

‘
ATLAS

Electron channel
— Obs. 95% CL
----- Exp. 95% CL
= Obs. resolved 95% CL
mu Exp. 10 Band

Exp. 2 o Band
_1Not covered
Excluded .o

2000 3000 4000 5000
My, [GeV]

[GeV]

my,

1500~ Vs=13TeV, 80 fb™

‘ I
ATLAS

Muonbchannel

[ — Obs. 95% CL

10001~ ... Exp. 95% CL

[ ==Obs. resolved 95% CL

mu Exp. 10 Band
Exp.2 o Be(ljnd
[ [1Not covere

500~ ™ Excluded

L
4000 5000
m,, [GeV]

l | N
2000 3000

Lower limits on the masses of Ng and Wkg for each of the considered signal scenarios are
determined by using the profiled likelihood test statistic with the CLs method

Model assumes equivalence of left and right-handed weak gauge couplings, universality of
all the right-handed quarks and leptons, and the same masses for all three flavours of

heavy right-handed neutrinos

22/23



Summary

A

. Y

Ojmit! Ossm
[
o

\

ULl UL N L AL B

—— ATLAS Vs =13 TeV (ee 139 fb™; pp 139 fb™)
—o— ATLAS s =13 TeV (ee 36.1 fb™; up 36.1 o)
—e— ATLAS (s =13 TeV (ee 3.2 fb™; pp 3.2 o)
—=— ATLAS Vs =8TeV (ee 20.3 fb™; pu 20.5 fb™)
—=— ATLAS {5 =7 TeV (ee 4.9 fb’, uu 5.0 fo!)
—s— ATLAS (s =7 TeV (ee 39 pb™; up 42 pb™)

S b b b b
10 1 2 3 4 5 6

= No major surprises, dilepton analyses are
pushing further the search area covering
the TeV regime

= Dilepton resonance search: PLB 796
(2019) 68

= W’ Search: arXiv:1906.05609
= Heavy neutrino search:arXiv:1904.12679
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https://arxiv.org/abs/1904.12679

QUEStiOI’IS or Comments
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Dilepton Search — Performance

Relative mass resolution [%)]

30

— T T T T
ATLAS Simulation

25 — ee channel
--==- pp channel

20

15

10

I R
1000 2000 3000 4000 5000 6000
mie [GeV]

ee and pp mass resolution as a function

of the generated mass of the dilepton pair

(mi)

Selection efficiency

L B B A B AR e an e
0.9F ATLAS Simulation 3
0.8 . . . X E
E, et ¢ E
0.7;' E
0.6 E
0 OO g ~ é
0.4
0.3 =
0.2;* ee channel: ® Spin-0 —Spin-1 4 Spin-2 *;
0.1=  puchannel:  © Spin-0 ---Spin-1 4 Spin-2 =
T S N R EU U R |
0 1000 2000 3000 4000 5000 6000
m, [GeV]

ee and upu selection efficiency as a
function of pole mass for spin-0, spin-1
and spin-2 resonances

= Muon selection optimized to ensure optimal momentum resolution at high-pr
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Dilepton - Systematic uncertainties

Uncertainty source Dielectron Dimuon

for my [GeV] 300 5000 300 5000
Spurious signal 125 (120) £0.1 (1.0) +1L.7 (11.0) +2.1 (2.2)
Lepton identification 416 (1.6) 456 (5.6) +1.8(1.8) 128 (J:%S)
Tsolation +0.3 (0.3)  £1.1(L1)  £04(0.4)  +0.4 (0.5)
Luminosity £17(L7) 17 (17) 1717 £L7(L7)
Electron energy scale :}115 (f}jg) J_rgj}l (£0.8) - -
Electron energy resolution | 43 (f(l)jgl,) s (£0.1) - -
Muon ID resolution - - tg:g (tg:g) fgji (fg:g)
Muon MS resolution - - e (ﬂg) +24 (2.1)
‘Good muon’ requirement - - +0.6 (0.6) t?,g (fgg)

= Relative impact of 410 variation of systematic uncertainties on the signal yield

= in percent for 0 width and 10% relative width signals shown in brackets

= Only systematic uncertainties with an impact of > 5 on signal considered
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Lepton +

E'. .- Systematic uncertainties

miss

Source Electron channel Muon channel
Background Signal Background Signal
mr=2(6)TeV mr=2(6)TeV | mr=2(6)TeV mr=2(6)TeV
Trigger negl. (negl.) negl. (negl.) 1.1% (1.0%) 1.2% (1.2%)

Lepton reconstruction
and identification

Lepton momentum

scale and resolution

ES resolution and scale
Jet energy resolution

4.1% (1.4%)

3.9% (2.7%)

<0.5% (<0.5%)
<0.5% (<0.5%)

4.3% (4.3%)

2.7% (4.5%)

<0.5% (<0.5%)
<0.5% (<0.5%)

8.9% (37%)

12% (47%)

<0.5% (<0.5%)
<0.5% (0.6%)

6.6% (38%)

13% (20%)

<0.5% (<0.5%)
<0.5% (<0.5%)

Multijet background
Top-quark background
Diboson extrapolation
PDF choice for DY
PDF variation for DY
EW corrections for DY

4.4% (420%)
0.8% (1.9%)
1.5% (47%)
1.0% (10%)
8.1% (13%)
4.2% (4.5%)

N/A (N/A)
N/A (N/A)
N/A (N/A)
N/A (N/A)
N/A (N/A)

N/A (N/A)

0.8% (1.5%)
0.7% (<0.5%)
1.3% (9.7%)

<0.5% (1.0%)
7.4% (14%)
3.7% (7.0%)

N/A (N/A)
N/A (N/A)
N/A (N/A)
N/A (N/A)
N/A (N/A)
N/A (N/A)

Luminosity

1.6% (1.1%)

1.7% (1.7%) |

1.7% (1.7%)

1.7% (1.7%)

Total

12% (430%)

5.4% (6.4%) ‘

17% (62%)

15% (43%)

background and for signal with a W’ SSM mass of 2 (6) TeV

= Systematic uncertainties in the expected number of events as estimated for the total

«" Large uncertainties in the background yields at 6 TeV have little impact on the statistical

analysis due to the small background expectation high mT values
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Heavy neutrino - Systematic uncertainties

Component Electron channel [%] Muon channel [%]
Lepton identification 4-20 4-8
Lepton isolation 4-5 1.0-1.5
Lepton reconstruction 4-5 1-4
Lepton trigger 4-5 0.5
Pile-up < 0.5 2-3
Luminosity 2 2
Theory 10 10

= Relative systematic uncertainties of the signal yield in the signal region, in percentage for
each source

= The ranges indicate the different signal samples
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