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Outline:

¢ why doubly charged Higgs bosons?
¢ searches for doubly charged Higgs bosons in ATLAS @ 13 TeV
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Theory.: .

Left-Right symmetric models (LRSM) [1]
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.10.275

Theory:
Left-Right symmetric models (LRSM) [1]
Higgs triplets (HTM) [2,3]
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Theory.: .

¢ Left-Right symmetric models (LRSM) [1]
¢ Higgs triplets (HTM) [2,3]
© Zee-Babu models [4,5]
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Theory:

T Left-Right symmetric models (LRSM) [1]
Higgs triplets (HTM) [2,3]

Zee-Babu models [4,5]
Georgi—-Machacek [6]
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Theory:
Iy S @ Left-Right symmetric models (LRSM) [1]
@ Higgs triplets (HTM) [2,3]

¢ Zee-Babu models [4,5]

Georgi—-Machacek [6]

Why?
% Restoring parity symmetry in weak interactions at higher energy (LRSM)
% Explain light neutrino masses through Type I/l See-Saw mechanism

< Phenomenology: new particle H**
left and right-handed in LRSM or letf-handed only in Higgs triplets
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Theory:

Sl A ¢ Left-Right symmetric models (LRSM) [1]
@ Higgs triplets (HTM) [2,3]

¢ Zee-Babu models [4,5]

¢ Georgi—Machacek [6]

Why?
% Restoring parity symmetry in weak interactions at higher energy (LRSM)
% Explain light neutrino masses through Type I/l See-Saw mechanism

< Phenomenology: new particle H**
left and right-handed in LRSM or letf-handed only in Higgs triplets

¢ Both L and R triplets acquire a v.e.v = 0, constraint by precise measurements of W and Z boson
masses:

My, 1 + 207 /v?
cos? Oy Mz 1+ 4vi /v?

if 0 =1.0004 £0.003 =» vp. <1 GeV

¢ In LRSM, three possible choices for v.e.v:
< vL = vg =» unwanted because we need to break the symmetry X 02
*vL~0 <=»wanted to preserve o =1: v/ v X on =» vg ~ TeV
% vr=0 <> discarded because of the two above X
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H™ production and decay:
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Proportional to v.e.v: negligible
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H™ production and decay:
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Main production at LHC
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Proportional to v.e.v: negligible
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Suppressed in the scenario:

Mg+ > My=++
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H™ production and decay:

Production..

Main production at LHC
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2%k dominant in LRSM and HTM

2k only production mode considered here and in ATLAS
searches @ 7 TeV [Eur.Phys.]. C72 (2012) 2244] and
@ 8 TeV [JHEP 03 (2015) 041]
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https://arxiv.org/abs/1412.0237

H™ production and decay:

Production..
Main production at LHC
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2%k dominant in LRSM and HTM
2k only production mode considered here and in ATLAS

searches @ 7 TeV [Eur.Phys.]. C72 (2012) 2244] and
@ 8 TeV [JHEP 03 (2015) 041]

To leptons:

1+,
r(H:l::I: N g:l:gl:l:) — ( —|1_67(r)F) hgglm(Hj::t)

* Coupling to leptons not determined by lepton mass

¢ Lepton number violating decays are allowed.

To bosons:

2
F(HEE — WEWE) = £5% 5 f(mpyes, my)

* Depends on v.e.v parameter
¢* Dominant mode for v.e.v >0.1 MeV
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H™ production and decay:

Production..
Main production at LHC
, [+
1 / H 2%k dominant in LRSM and HTM
7 2k only production mode considered here and in ATLAS
. searches @ 7 TeV [Eur.Phys.]. C72 (2012) 2244] and
V24~ . @ 8 TeV [JHEP 03 (2015) 041]
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** — (+(* - analysis signal regions
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% clean signature: 2,3,4 light leptons
¢ masses 200-1300 GeV

®* no explicit requirement on jet multiplicity

Signal region optimization based on signal topology:

% same-sign leptons with AR (< 3.5)

& high transverse momentum of the same-sign
pair (>100 GeV)

< mass equality in a pair (AM/M)

* Major backgrounds:

electron charge misidentification, V'V production,
misreconstructed objects faking prompt leptons
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16

Eur. Phys. J. C (2018) 78: 199

P: #pair
L: #leptons
Region v v oignal Regions
Channel 1P2L 1P3L 2P4L
Electron channel etet | eTeteT
Mixed channel et Zigii;i iiﬁi
Muon channel pEpE ottt
m(eTet) [GeV] 200, 00) { [200, c0)
m({£0*) [GeV] 200,00) § [200,00) [200, c0)
m(ptut) [GeV] 200, 00) § [200, 00)
b-jet veto v v v
Z veto - v v
AR((*F (%) < 3.5 v v -
pr((F0F) > 100 GeV v v -
> lpr(€)] > 300 GeV v v -
AM /M requirement - - v
Axe
9.1%
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** — (+(* - analysis signal regions
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Triplet vev in GeV

% clean signature: 2,3,4 light leptons
¢ masses 200-1300 GeV

®* no explicit requirement on jet multiplicity

Signal region optimization based on signal topology:

% same-sign leptons with AR (< 3.5)

& high transverse momentum of the same-sign
pair (>100 GeV)

< mass equality in a pair (AM/M)

* Major backgrounds:

electron charge misidentification, V'V production,
misreconstructed objects faking prompt leptons
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Eur. Phys. J. C (2018) 78: 199

Region Signal Regions
Channel 1P2L 1P3L 2P4L
Electron channel efet | eTeteT
Mixed channel et Zi;:ji ﬁiii
Muon channel pEpE T
m(eTet) [GeV] 200, 00) § [200, o)
m({£0*) [GeV] 200, 00) i [200,00) $[200, c0)
m(ptut) [GeV] 200, 00) § [200, 00)
b-jet veto v v v
Z veto - v v
AR((*F (%) < 3.5 v v -
pr(£E0F) > 100 GeV v v -
> lpr(€)] > 300 GeV v v -
AM /M requirement - - v
Axe
9.1% l 33.7%
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** — (+(* - analysis signal regions:

Branching ratio

10F
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% clean signature: 2,3,4 light leptons
¢ masses 200-1300 GeV
®* no explicit requirement on jet multiplicity

Signal region optimization based on signal topology:
% same-sign leptons with AR (< 3.5)

& high transverse momentum of the same-sign

pair (>100 GeV)

< mass equality in a pair (AM/M)

* Major backgrounds:
electron charge misidentification, V'V production,
misreconstructed objects faking prompt leptons
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Region Signal Regions
Channel 1P2L | 1P3L |
Electron channel etet
Mixed channel et
Muon channel it
m(eTet) [GeV] 200, 00)
m({£0*) [GeV] 200, c0)
m(ptut) [GeV] 200, 00)
b-jet veto v
Z veto -
AR((*F (%) < 3.5 v
pr((F0F) > 100 GeV v
> lpr(€)] > 300 GeV v
AM /M requirement -

9.1% l 33.7% l 57.2%
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*— (*(*- electron charge misidentification: Ve
®© 0o 0060 0 0 0 0 o e+
Mainly due to: e
% bremsstrahlung: et — e*y — e*e*e* : wrong calo-track matching Photon e
% stiff tracks: high-pr electrons less bent by magnetic field \

Muon charge mis-ID negligible (<1%) up to pr~ 4 TeV

\ True electron

Data-driven method in Z peak: x10° Eur Phys ] C (2018) 78 199 x10°
- > 2 ATLAS 4 OCdata  + SC data - 16
Select Z — ee events with: O 4 8f Z—eepeak  #£0C SMsim. %SC SMsim. 1, ,
+ | msciee) - mz 1< 15.8 GeV %) “E Vs =13 TeV, 36.1 fb™ ’
and two sideband regions: w 1.4 -
+15.8 GeV <! mscieo - mz |<31.6 GeV 120 10
+ 14 GeV  <|msce) -mz 1< 18 GeV 13_ -8
) 0.8F 6
= Nii(Pi(1 - Pj) + Pi(1 — P))) - -
0.6:_ —4
-~ \Vese ™ 04 =y
f(Ngo; A) = —— 028 =~ .
SSH i | ry;
NSS. 0 it S T T S S —— L1 O
75 80 85 90 95 100 105

y ii m(ee) [GeV]
—log L(PINsc, N) = ) log(N"(Pi(1 = P}) + P;(1 - P)))Ner

l,]

—~ NY(P;(1-P i) @ 1 —) ——— extracted from the fit
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> (+(*- electron charge misidentification - II:

P(p1, 1) = o(p1)*xf(n)

v 0.2: ' L R R B B ' ' ] = T — T 1 T
£ .18 ATLAS Eur. Phys. J. C (2018) 78: 199 = 10 ATLAS Eur. Phys. J. C (2018) 78: 199 _
© 0 16:— 's=13 TeV, 36.1 fb™ P(pT,n) = c(pT) x fm) ; Vs=13 TeV, 36.1 fb P(pT,n) = o(pT) x f(n) ;
" "F 4Data . - -4 Data |
0.14 - -4 Sherpa2.2.1 Z— ee B . —4-Sherpa2.2.1 Z— ee -
— = — —-—g -
0.1 — . - .
0.081~ —— E - o -
- . -1 <+ _
0.06: +:$:=+= . 10 = _._-o- -
0.041 e 0 - - — -
0.025F = oo™ = - -

O i ) ) | \ ] 10—2 | | |
O o g e _ O gl SO SO OO O S ]
E 8 2 S . + ............ — E L 2 S s O B P g
(4] . ++_._—0—++ — _+_ (4] . ¢ .. o
E 08 R —] E 08_ .......................................................... = T —
D 0.6 _ﬁ ................... R e e e — D 0-6_ .......................... R R —]
40 50 100 200 300 400 0 0.5 1 1.5 2 2.5

p, [GeV. n

A bin*by-bin scale factor SF = P(CF;data)/P(CF;MC) and an anti-SF = [1-P(CF;data)]/[1-P(CF;MC)]
are respectively applied to MC electrons with correct or incorrect charge.
Uncertainties: statistics of the data/MC sample 10%-20% on rates across pr, 1 bins.
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t— 0+ - fake lepton background:

Fake leptons

fake (non isolated) lep

% in-flight decays of mesons inside jets
% mis-identified jets
¢ initial / final state radiation conversions

Jet Fake-factor method

~

Design control regions enriched in fake leptons:

Selection for fake-enriched regions

Muon channel Electron channel
Single-muon trigger Single-electron trigger F=—=
b-jet veto b-jet veto .
One muon and one jet One electron
pr(et) > 35 GeV Number of tight electrons < 2 o " e .
A¢F;1,jet) > 2.7 m(ee) ¢ .[71.2, 111.2] GeV Nfake _ Z( 1)VLit] l_[ F, - Z( 1)Veit] 1_[ F,
EZ™ <40 GeV EZ™ <25 GeV

Eur. Phys. J. C (2018) 78: 199

Uncertainties:

® fake composition: varying nominal fake-enriched kinematic definition.

® theory: residual component from prompt leptons subtracted to avoid double counting.
change MC normalization up/down when subtracting from data.

Uncertainty varies between 10%-20% depending on lepton pr.

S
A

Y.

Charged 2018, Uppsala, 27th September 2018 = G.Ucchielli for ZLs



** — (*(* - analysis signal regions:

Region Control Regions Validation Regions
Channel OCCR % DBCR 4LCR | SCVR 3LVR ALVR
Electron channel eteT eteteT ete* eteteT
Mixed channel - etpElF iiii etp* Zi:;f;i ﬁiii
Muon channel - pEptpT pEpt pEpEuT
m(eTet) [GeV] [130, 2000] £ [90, 200) [130,200) [90,200)
m(££6E) [GeV] ; [90,200) [60,150) | [130,200) [90,200) [150,200)
m(ptpt) [GeV] - [60,200) [60,200) [60,200)
b-jet veto v v v v v v
Z veto - inverted - - v -
used for Drell-Yan
normalization
22
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** — (*(* - analysis signal regions:

Region
Channel

Control Regions Validation Regions

' DBCR  4LCR | SCVR  3LVR  4LVR

Electron channel

Mixed channel

Muon channel

t eTeTeT etet eteteT
e:l:#:tgqi g:i:e:t
(E0EPF FF

pEpE pEpEpT

m(eTet) [GeV]
m(£FF) [GeV]
m(p*p*) [GeV]

1[130,200) [90, 200)
£ [90,200) [60,150) E[130,200) [90,200) [150,200)

b-jet veto
Z veto

Charged 2018, Uppsala, 27th September 2018

1 [60,200) | (60,200)  [60,200)
v AR B v v
{ inverted - - v -

used for diboson normalization

23
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+* — (*(* - analysis signal regions:

Control Regions

Region
Channel

Validation Regions

Eur. Phys. J. C (2018) 78: 199

test charge-misidentication,

fakes, diboson predictions

DBCR  4LCR | SCVR  3LVR  4LVR | £ 800Eap a5 SCVR (c'e?) E
Electron channel eteteT etet eteteT i (7323 §=1§a:v’ % ft% Total SM E
E:t Ei ei + /¥ Ei Ei - Drell-Yan (771 Diboson 3
Mixed channel etput (T etp* H 500 Fakes B Top E
(F0F N A AV A 400F =
Muon channel prpt  pFpEuT 300 V ; =
m(etet) [GeV] [90, 200) [130,200) [90, 200) 200E- % .-
m(£E6%) [GeV] (90, 200) [60,150) [f[130,200) [90,200) [150,200) 100
m(ptpt) [GeV] (60, 200) (60,200)  [60, 200) =
b-jet veto v v v v v %
Z veto inverted - - v - ° 0'15 30 140 150 160 170 180 190 200
m(e*e?) [GeV]
0 A (L A B R | BN LI N L AL - T T ' 1 T T 1 =
= 250-ATLAS ) SCVR (utut) — 80 EATLAS . 3LVR (e"utl) =
2 - Vs=13 TeV, 36.1 fb 1 70 E {s=13 TeV, 36.1 fb 3
200 ¢ Data %% Total SM _ =~ ¢ Data %4 Total SM =
_ [ Diboson I Fakes 1 60 - [ Diboson I Fakes =
_ @l To u = Qe =
150 _—- g —] 50 = P =
- 1 40y E
100— -1 30 =
- "
50 20
10
0 0
= 1.5F B = -
n S L Y
E 1 1 % % ~ -
(o] 5 S e e
o 05 ' ' ' ' ' ' 0.5 - : : : :
60 80 100 120 140 160 180 200 100 120 140 160 180 200
m(uw) [GeV] m(e"n?) [GeV] @¢
L
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T+ 5 éi'é'—" - results: Eur. Phys. J. C (2018) 78: 199

% H** branching ratio not fixed across models

2 leptons signal region

%) — - - - L — ' - - - - - - | -
§ | FATs X SRiP2L (e%e*) . ATLAS 4 SRIP2L (%) 1 20EATLAS } SR1P2L (u#p) E
Lﬁ 60 :_\I§=13 TeV, 36.1 fb m(H-*) = 450 GeV = 50 _—\{_—13 TeV, 36.1 fb m(H:*) = 450 GeV _: 185—\E=13 TeV, 36.1 tb m(I-F ) = 450 GeV _E
%% Total SM = p(a*e*) = 20%, B(X) = 80% ] — ¢ Data %% Total SM ™ pety#) = 20%, B(X) = 80% 16 ¢ Data %% Total SM = B(u#*) = 20%, B(X) = 80%
[ Diboson __ m(H*) =650 GeV = 40— Diboson [l Fakes m(H*) = 650 GeV —] 140 Diboson [l Fakes m(H: %) = 650 GeV =
T Ble*e?) = 50%, B(X) = 50% ] ~ Il Top T B(e*ut) = 50%, B(X) = 50% ] 12:_- Top ] = B(utu?) = 50%, B(X) = 50% 3
___ m(H**) =850 GeV - 30— ____ m(H**) =850 GeV — = ___ m(H**) =850 GeV -
? B(e*e*) = 50%, B(X) = 50% ] - * Ble*) = 50%, B(X) =50% ] 10" B(u*u*) = 50%, B(X) = 50% =
z - 8 —
Y E 6 E
| 7 . - —=
0 L 2 =
0 AR 0 0 ' =
= 2r 1 | E 2F | ' E 2F o | | ¢ Y ' _/
3 1?%%%%%&%%%%%%%%%%% "5 s— Wi i i S A ////%///
— C ® 7 C 7/ 1 C
8 08_ * ¢ 1ot i . _I 0,8_ ‘ I _I 0(5)_ # [ 1 ///////////
300 400 500 1000 2000 300 400 500 1000 2000 300 400 500 1000 2000
m(e*e*) [GeV] m(e*u?) [GeV] m(u*u®) [GeV]
3 leptons signal region
2  48E ' ' oot = 45¢ ' ' = 20 ' ' ' — 1 -
= - ATLAS 1 SR1P3L (e%ete®) 3 40F “ATLAS . SRIP3L (e— +fF) = —ATLAS ) SR1P3L (utp#y) =
2 {EVs=13TeV, 36,110 mHY 480GV =Vs-13 TeV, 36.1 fb m(H:*) = 450 GeV 3 185s-13Tev, 36110 mH=450Gev
14__ ¢ Qata % Total SM = B(e*e*) = 100% = 35 — ¢ Data % Total SM = B(e*u) = 100% — 16 = Data %% Total SM = B(u=u*) = 100% =
12 - ?(l)t:)oson [ Fakes . g((H: :)) _ ?g% ?ev = 30 f_= _I?(i)t:)oson I Fakes __ m(H*) = 650 GeV = 14 ;_- Diboson Il Top  m(H*%) =650 96\, =
- e*et) = 100% = = B(e*p) = 100% ERRRT== B(u*p*) = 100% =
10 — m(H**) = 850 GeV = 25 = m(H**) = 850 GeV = 10 = m(H**) = 850 GeV =
8 B(e*e*) = 100% = T Betu®) = 100% = = T B(uwtp) = 100% =
E =SR:1”777 =
6 E ER| -
4 = = 4 =
2 ! ~ = 2 3
0 0 0 -
5 15 1 iF 15F L
=1 ////////////////////////////// =17 / ////////////////////// =13 7 / 2 7
I e 00 I e | v
o ot ot ot :
300 400 500 1000 2000 300 400 500 1000 2000 300 400 500 1000 2000
m(e‘e?) [GeV] m(en*) [GeV] M) [GeV]
No excess over Standard Model observed .
a
25 A
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s /A - results: Eur. Phys. J. C (2018) 78: 199

4 leptons signal region Observed eeuy event compatible with ZZ production
2 1Farias’ " seraden '
c SR2P4L (FFIT) +
@ - -1 . e
G 10tEts=13TeV, 3611 m(H:*) = 450 GeV N\ 0 AT LAS
3 ¢ Data %% Total SM ™ B(u*u) = 100% . ~ EXPERIMENT
10" = mmDiboson [ Fakes () = 650 GeV
102 Top = B(u*u®) = 100%
10 m(H: %) = 850 GeV
I B(u*p*) = 100%
’
107
1072 27 5
107 N =
= 2 777
25 /// - / . %
I 0-8%/ 7 //////? %////
200 600 800 1000 1200

M [GeV]
1 event observed compatible with SM

Limits on mass and cross-section:

BR(e*e*) + BR(e*p™) + BR(p=p*) = 100%, BR(X) =0 ’

% sensitivity dominated by 4L signal region where X does not enter the signal

. regions, i.e. hadronic 7 or W decays
BR(e*e*) + BR(e*p®) + BR(p* 1) < 100%, BR(X) # 0 ’

% 2L/3L signal regions gain sensitivity

signal samples rescaled to reach the desired BR combination S
A

L
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++ _ é—_l-g-_l- - results: Eur. Phys. J. C (2018) 78: 199

R E.g: mixed branching ratios

S‘ 103 JE-I | L l | L l L l | L | 17 TT | T T | L l | L I | L I§
= E?_T’-f?gT U a6 1 1 Opserved 95% CLimit 3
e = AT — Expected 95% CL limit |
BR(F*) =100 _ TN Xpec ° _
( ) % & 10° S B (:iei)—SO‘;/o [ Expected limit + 1o =
T B(e'n*)=40%  —— Expected limit + 26 N
Q B(u*u*)=30% oy
% 105 —— o(pp—> H™H) =
- = o(pp— H'Hp) 2
1= =
107
1 0—2 |_ ' NI ENEE N T AN A N AN AN A A | I BT |\i.—->|—_":;:.-_." -
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m(H™) [GeV]
2 100 ATLAS 1 ] > & to0fE ?_TL'AS | 1 TJreo =
— Vs=13 TeV, 36.1 fb" : O) — s=13 TeV, 36.1 fb’ ] ©)
= SO BHEL F)=100% g0 o &= COA B FF)=100% - =
-] -847 840 L . I= S0 726720 R 11740 E
¢|T_, ‘849 841 | =840 = ¢|Tm 728 721 -
| 1 ~ I T ~
% 1] 852 843 832 822 801 : € Y 732 724 715 705 689 151720 €
856 846 834 822 809 786 820 o 736 728 718 707 696 _ =
¥11]1860 849 837 824 810 797 774 2 40 721 709 697 700 e
864 858 84(( 826 312 798 786 766 {1800 § 725 712 599 688 677 661 _ %
40| 8681856 843 829 814 800 788 777 764 “2’ 20 728 715 702 689 678 669 657 _ 680 “E’
8717859 845 831 816 802 790 779 771 765 LN § 782 718 704 691 679 669 662 656 §
@5 862848 833 818 803 791 781 774 770 768 © LL761'7_50 735 721 706 692 680 670 664 660 658 [N
0O 20 40 60 80 100 0 20 40 60 80 100
NP
B(H"— e*e?) [%] B(H "— e*e*) [%] @¢
L
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s i é—_l-g-_l- _ resultS: Eur. Phys. J. C (2018) 78: 199

BR(FF) + BR(X) = 100%

'@‘ 1 OO I: LA L L L L L L > |V i 1 00 LA L L I B B LI I 1 T T_]
= - minimum limit . - minimum limit .
P _ i B i
T 40 - . 40 .
iIEE_' 30 . 30 .
Elf 20+ . 20 .
‘; 10% BR to leptons
— 10 - ATLAS e 10 ATLAS =
= - Vs=13 TeV, 36.1 fb" - 10% BR to leptons  Ys=13 TeV, 36.1 fb! -
IIT_. 4 - lower limit of m(HLﬁ) . 4 lower limit of m(I-FF;—*) .
L 4l — Observed 95% CL limit _ 3 — Observed 95% CL limit
@ ST & Expected 95% CL limit - Expected 95% CL limit
2 ] Expected limit £1o | 21 7] Expected limit £1o |
[ ]Expected limit 2 [ ]Expected limit £2¢
1 I | S | I | | I | | | | I | I | | | | I I | | | I 11 | | I | I | I | I L1 1 1 | L1 1 1 | | I | I L1 1 1 I | I S |
1 300 400 500 600 700 800 900 1000 1 300 400 500 600 700 800 900 1000
m(H;) [GeV] m(H:) [GeV]

Dominating uncertainties:
statistics, data-driven fakes and charge mis-identification
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t — N - analysis regions: arXiv:1808.01899v1

10 ,Zas,g:"j?"“"‘_ & signature: 2,3,4 light leptons + missing Er
O ’ ]

08 s j * masses 200-700 GeV

8 II

g 06 / 1

E ! —— lepton decay.

S oa Ay —— W=W= decay. * Major backgrounds:

& WZ production, electron charge mis-ID,|fakes
0.2 1

——» & estimated with a

00 3

2x10°  5x107° 1x10™* 2x10™*  5x10™* 0001  0.002 techmque similar to

Triplet vev in GeV Preselection: what discussed before
Selection criteria 2658 3¢ 4¢
Trigger At least one lepton with p'tl" > 30 GeV
that fulfils the requirements of single-lepton triggers
Ng(L-type, pt > 10 GeV, |ng| < 2.47) 2 3 4
Ng(T-type, pt > 10 GeV, |n¢| < 2.47) 2 2 (41,2) -
| 2 Qel 2 1 0
Lepton pr threshold pir > 30,20 Gev fotif2 5 10,20,20 Gev | pS@%% > 10 Gev
EZmiss > 70 GeV > 30 GeV > 30 GeV
Niets >3 >2 -
b-jet veto Npjet =0
Low SFOS mygg veto — mpzps > 15 GeV me=px > 12 GeV
Z boson decays veto 1 Meter —mz| > 10 GeV |mp+ps —mz| > 10 GeV
29 G.Ucchielli fo@
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t — U - analysis regions:

arXiv:1808.01899v1

10 %35;-:”';7"“"‘_ % signature: 2,3,4 light leptons + missing Er
Ko / ]
08 s ] ¢ masses 200-700 GeV
o ! _
g ;
£ 06 ! ]
5 —— lepton decay .
5 04 Ay —— W=W= decay * Major backgrounds:
& WZ production, fakes
02 ]
0.0 3
2x107°  5%x107° 1x10™ 2x10™*  5x10™* 0001  0.002 .
Triplet vev in GeV PreseleCtlon:
Selection criteria 2658 3¢ g 4¢
Trigger At least one lepton with p'tl" > 30 GeV
that fulfils the requirements of single-lepton triggers
Ng(L-type, pt > 10 GeV, |ng| < 2.47) 2 3 4
Ng(T-type, pt > 10 GeV, |n¢| < 2.47) 2 2 (41,2) -
| 22 Qel 2 1 0
Lepton pr threshold P >30,20GeV | p% > 10,20,20 Gev { pi% > 10 Gev
EZmiss > 70 GeV > 30 GeV > 30 GeV
Njets >3 >2 -
b-jet veto Npjet =0
Low SFOS mygg veto — mpzps > 15 GeV ﬂ me=px > 12 GeV
Z boson decays veto Meter —mz| > 10 GeV |mp+ps — mz|[§> 10 GeV
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 — N~ - anal

ysis regions

10 ,Z,;;d’j?"“"‘ % signature: 2,3,4 light leptons + missing Er
2%, ,
08 s ] ¢ masses 200-700 GeV
° /;
g ;
£ 06 ! ]
5 —— lepton decay .
5 04 Ay —— W=W= decay * Major backgrounds:
& 27, ttV production
02 ]
0.0 3
2x107°  5%x107° 1x10™ 2x10™*  5x10™* 0001  0.002 .
Triplet vev in GeV Pl‘eseleCtIOn:
1
Selection criteria 2658 ‘ 3¢ 4¢
Trigger At least one lepton with p'tl" > 30 GeV
that fulfils the requirements of single-lepton triggers
Ng(L-type, pt > 10 GeV, |ng| < 2.47) 2 3 ’ 4
Ng(T-type, pt > 10 GeV, |n¢| < 2.47) 2 2 (41,2) -
| 2 Q¢ 2 1 0
Lepton pr threshold P2 >30,20GeV | p% > 10,20,20 Gev | piH 5 10 Gev
EZmiss > 70 GeV > 30 GeV > 30 GeV
Njets >3 >2 -
b-jet veto Npjet =0
Low SFOS mygg veto — mpzps > 15 GeV me=px > 12 GeV
Z boson decays veto Meter —mz| > 10 GeV |mesps — mz| > 10 GeV

Charged 2018, Uppsala, 27th September 2018
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t— W - fake lepton background:

arXiv:1808.01899v1

using fake-factor using data-driven SFs
Sample 2658 3¢ 4¢-7. 4¢-T
Ny (type L) 2 v v 3 3 v v 3
| 2. Qel 2 1 1 1
Pk > 30,20 GeV > 10,20,20 GeV > 10,10, 10 GeV > 10,10, 10 GeV
Njets >3 1 1 or2 1 or2
Np-jet 0 — — —
pi! > 25 GeV > 25 GeV > 25 GeV > 30(25) GeV
Z-window | |mg, —mz| > 10 GeV | |mp, — mz| > 10 GeV | |mp, — mz| < 10 GeV No same-flavour
opposite-sign lepton pair
m‘{?jf - > 15 GeV — —
E{I“SS < 70 GeV - < 50 GeV -
mr — - < 50 GeV —
= A
32 G.Ucchielli f0§§
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Yt - fake lepton background: arXiv:1808.01899v1

oo ST

Sample 2658 3¢ 4¢-7 4¢-T

Np (type L) 2 3 3 3

| 2. Q¢ 2 1 1 1

p,‘li > 30,20 GeV > 10,20, 20 GeV > 10, 10, 10 GeV > 10, 10, 10 GeV

Njets >3 1 1or2 1or2

Nb-jet 0 — - —

pi! > 25 GeV > 25 GeV > 25 GeV > 30(25) GeV

Z-window | |mg, —mz| > 10 GeV | |mp, — mz| > 10 GeV | |mp, — mz| < 10 GeV No same-flavour
opposite-sign lepton pair

m‘{?jf - > 15 GeV — -

E7"™® < 70 GeV — < 50 GeV -

mr — — < 50 GeV —

_ NTT Fu=10.14 £ 0.03 — systematic uncertainty of 35%  from changing the kinematic
N7 Fe=0.48 +£ 0.07 — systematic uncertainty of 56%  selection of the 2/ region

@A
N L
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H* — 20270 - fake lepton background: arXiv:1808.01899v1
Sample 2058 3¢ 40-7 46T
Ny (type L) 2 3 3 3
| 2. Q¢ 2 1 1 1
p,‘I’, > 30,20 GeV > 10, 20,20 GeV > 10, 10, 10 GeV > 10, 10, 10 GeV
Njets >3 1 1 or2 1 or2
Npjet 0 — - —
pi! > 25 GeV > 25 GeV > 25 GeV > 30(25) GeV
Z-window | |mg, —mz| > 10 GeV | |mp, — mz| > 10 GeV | |mp, — mz| < 10 GeV No same-flavour

opposite-sign lepton pair

mgz - > 15 GeV - -
E7"™® < 70 GeV — < 50 GeV -
mr — — < 50 GeV —

_ N7r Fu=0.17 £ 0.06 — systematic uncertainty of 55%  from changing the kinematic
N7 Fe=0.39 + 0.07 — systematic uncertainty of 81%

selection of the 3/° region

Here the opposite-charge lepton is always assumed to be prompt: the 3L formula reduces to the 2L case

S a
A W
34 e hielli for %é
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t— W - fake lepton background:

arXiv:1808.01899v1

Z+jets dominated tt dominated
Sample 2058 3¢ Az . 46T |
Np (type L) 2 3 3 3
| 2. Qe 2 1 1 1
Pk > 30,20 GeV > 10,20,20 GeV > 10,10, 10 GeV > 10,10, 10 GeV
Njets >3 1 1or2 1or2
Np-jet 0 — — —
pi! > 25 GeV > 25 GeV > 25 GeV > 30(25) GeV
Z-window | |mg, —mz| > 10 GeV | |mp, — mz| > 10 GeV | |mp, — mz| < 10 GeV No same-flavour

opposite-sign lepton pair

m‘{?jf — > 15 GeV - -
E7"™® < 70 GeV — < 50 GeV -

¢ mainly non-prompt from b-jets from ttV production, small component from light-quarks
v heavy-flavour: the lower pr lepton in the SS pair
v light-flavour: the fake is assumed not to be from Z

{ £ _ 1At N4
NDatalX B NPrompth - /ITNtle T /lZNZ+jets|X' X = Z,T

A7 = 1.12 £ 0.05, 27 = 1.02 £ 0.07, A,’; = 1.11 £ 0.05 /l’Z‘ = 0.94 £ 0.07

with a systematic uncertainty of 50%. Applied as “event weight” to simulation.

7\,
A
A\ W
35 e e iclli fo%é
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— U - signal region optimization:

Mass-dependent and channel-dependent optimizations, exploiting:

¢ mx of all leptons in the event;

¢ AR(IFI*) and AR(I}*)max | AR(IFIF)min in the 4L channel
$ mMjets only in the 2L channel
¢ pr leading jet

& AD(I£[E, Ep™ss) in the 2L channel
¢ AR(I, jet) any lepton and its closest jet in the 3L channel

Events / 0.4 rad

Data/SM

B R(@e1 b5 Ppmiss) - R(Pj1, Pjos - -)

R(¢€1,a ¢£2, ¢E_}niss, ¢j1’ ¢j29 co )

Fatias %o ]
.— ..... H++ 200 GeV x 8 D Fake Lepton :
= =« H™ 500 GeV x 180 [ Other Prompt
o @z

arXiv:1808.01899v1

used in rectangular cut optimization

in the 2L channel R(¢1,- -, ¢p) =

Events / 0.5 rad

Data/SM

-
(21
o

100

50

—ATLAS - Data
[ \s=13Tev 361" [JFakelepton |
me H™ 200 Gev x8 []Other Prompt -

[ = =« H™ 500 GeV x 400 [ Wz

IEZEIIIII

ARgi[i [rad]

signal acceptance ~0.2%
36

Events / 67 GeV

Data/SM

1

n

i (¢: — B)>.

=

30

20

10

C T T 1 T
—ATLAS
C Vs=13 TeV _
[ H™ 200 GeV x 15 []Other Prompt |
= =« H 500 GeV x 400 [ ZZ

36.1 fb”"'

' —¢- Data ]
[ JFake Lepton -

ZE Uncertainty

'||||!||||...

}I,’"\
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* s WU - results:

likelihood function built using six bin counting experiment

—IO— Data | ]
[ QMisID 7
[[] Fake Leptons y
[ ] Other Prompt ]
I VV Prompt 7
[ ] ttV Prompt 7

m My 200 GeV y

AU

N
:
1

3¢

SFOS 0 SFOS 1.2

v 0 B | | |
2 € 15 |_ATLAS
) ()
e AT ~ (s=13TeVv 36.1f"
S | Signal regions form__. = 200GeV
w -
2 10 —
.H. —
> -
o yuuf L
< N
i
« 5
=
) 4
~~
8 2
©
I 0 | . |
2£SS 2€SS 2€SS
ee ey g
) B [ [
£ 15| ATLAS
AT ~ (s=13TeV 36.1fb"
| Signal regions form__.. = 400GeV
10 —
— ——
5 |—

—[0— Data | T
[ QMisID 7
] Fake Leptons 7
(] Other Prompt 7
I VV Prompt 7
[ ] ttV Prompt 7
My 400 GeV .
Uncertainty 7

= 4 ' | | E
@ - —
S 2f E
0 Zéss ‘ zéss 22’83 | 3.5 35 | 48
et et ©ut SFOS 0 SFOS 1,2
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s YU - results: arXiv:1808.01899v1

3 1 20 _I | | I | I | | | | | | | | | I | | | | | | I | | | | | I_
I: B A TL AS —e— observed 95% CL upper limit _
|+§ 100 \s=13 TeV 36.1fb" - - — - expected 95% CL upper limit o
iy : expected limit (+20) :

I; 80 — - expected limit (+10) _—
% 650 — H™ theory (NLO QCD) B
s i i

T i _
T a0 -

T - i
Q. — 8 _

g 20 _|

SN i _

é O _I e ey ey Tty 1 | |_

200 300 400 500 600 700
m_..[GeV]

Dominating uncertainties:
statistics, data-driven fakes and charge mis-identification
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Conclusions and outlook:

No evidence for doubly charged Higgs boson production

Charged 2018, Uppsala, 27th September 2018 =



Conclusions and outlook:

No evidence for doubly charged Higgs boson production..yet!
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Conclusions and outlook:

more and more data in Run2 to analyse!

presented two complementary searches:

@ H** — ¢%* in LRSM:higher sensitivity, possible
to reconstruct H** mass (current best limit)

@ H* — 777" in HTM: lower sensitiviy due to
presence of E7T"ss, searched for the first time in
ATLAS

incoming LHC/ATLAS upgrades foreseen for
Run 3 (300 fb'1)/HL-LHC (3000 fb1):
potential for HBSM discoveries!

Charged 2018, Uppsala, 27th September 2018 L
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Conclusions and outlook:

1

—
(o))
o

T

I | T l I | I l I | I T | I

140-ATLAS
~ Preliminary

¢ more and more data in Run2 to analyse!

s =13 TeV

¢ presented two complementary searches:
@ H** — ¢%* in LRSM:higher sensitivity, possible

L . Delivered: 145 b
- DLHC Delivered Recorded: 136 fb’'

B DATLAS Recorded

—
N
o

o .
> ]
E .
T 5100F -
to reconstruct H** mass (current best limit) 2 a0l E
® H* — 7/7/" in HTM: lower sensitiviy due to 5 cof ; E
presence of E7T"ss, searched for the first time in E 405 $ 18
© 40— | —8
ATLAS 5 i
20F - £
incoming LHC/ATLAS upgrades foreseen for - R
) ) ] 0 | | | | | | |
Run 3 (300 fb'1)/HL-LHC (3000 fb1): a0 B N8B (A8 AT (AT 114 (4B
potential for HBSM discoveries! Month in Year

Thank you for your attention!!
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+ _Previous ATLAS searches: Model: LRMS, pair production, BR(leptons)=100%

Eur.Phys.]. C72 (2012) 2244

-+? 1 : T I 1 I I T I T I I I I T I I T I T T I I T T 1 ] 1 : 45\ 1 : I I I I I I I I I I I I I :
how 0.9 :_ — Observed limit: e::ei —: 'tl—— 0.9 E_ —— Observed limit: e‘:ei _f
T = --- Expected limit: e*e® = I = -~ Expected limit: e*e* ]
- 0.8 — Observed limit: p#u ERET: 0.8 — Observed limit: peps =
¥ 07 - --- Expected limit: p*p* = ¥ 07 - --- Expected limit: pp* E
m - — Observed limit: e"p* 1 o ~  —— Observed limit: e"p* 3
0.6 — - -- Expected limit: e*p* = 0.6 — --- Expected limit: e*p* =
0.5F = 0.5F =
0.4F = 0.4F —
0.3F E 0-3F ATLAS 3
0.2 = J.Ldt =4.7 0" E 0.2 = ILdt =4.7f" E
0.1 Vs =7 TeV — 0.1 =~ \s =7 TeV —
- — " 1 t L L L L l L L L L l L L Ll l i — l l 1 1 1 l l 1 1 1 : - 1 1 1 I 1 1 1 1 I L 1 1 L I | | Il 1 I 1 1 :
900 150 200 250 300 350 400 450 9 00 150 200 250 300 350
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JTHEP 03 (2015) 041
~ 1 T ~ — -
' ! " = = ! : : =
® 09F [[]observed 95% CL S = ® 0.9F [ observed 95% CL Ly =
T 0.8 - ==+ Expected 95% CL '.' __:_ T 0.8 ===+ Expected 95% CL N g _f
T g7E --- Expected limit + o E = 7B --- Expected limit o s ; 3
E . " E E - (3 "' E
o 06 = fia) K =
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https://arxiv.org/abs/1210.5070
https://arxiv.org/abs/1412.0237

* — (+* - simulated samples:

Physics process Event generator ME PDF set Cross-section Parton shower Parton shower
normalisation tune

Signal

H*== PytHia 8.186 [34] NNPDF2.3NLO [35] NLO (see Table 2) PyTHiA 8.186 Al4 [36]

Drell-Yan

Z|y* — eel/TT PowHeG-Box v2 [37-39] CT10 [40] NNLO [41] PyTHiA 8.186 AZNLO [42]

Top

tt PowHEG-Box v2 NNPDF3.0NLO [43] NNLO [44] PyTHiA 8.186 Al4

Single top PowHeG-Box v2 CT10 NLO [45] PytHia 6.428 [46] Perugia 2012 [47]

nw, tZ/y* MG5_aAMC@NLO 2.2.2 [48] NNPDF2.3NLO NLO [49] PyTHiA 8.186 Al4

ttH MG5_aMC@NLO 2.3.2 NNPDF2.3NLO NLO [49] PyTHiA 8.186 Al4

Diboson

Z2Z, WZ SHERPA 2.2.1 [50] NNPDF3.0NLO NLO SHERPA SHERPA default

Other (inc. W=W*) SHERrPA 2.1.1 CT10 NLO SHERPA SHErpA default

Diboson Sys.

Z2Z,WZ PowHnEeG-Box v2 CTIONLO NLO PyTtHia 8.186 AZNLO

m(H**) [GeV] o(H;*) [fb] K-factor (H7*) o(Hg*®) [fb] K-factor (Hz™)

300 13 1.25 5.6 1.25
350 7.0 1.25 3.0 1.25
400 3.9 1.24 1.7 1.24
450 2.3 1.24 0.99 1.24
500 1.4 1.24 0.61 1.24
600 0.58 1.23 0.25 1.24
700 0.26 1.23 0.11 1.23
800 0.12 1.22 0.054 1.23
900 0.062 1.22 0.027 1.23
1000 0.032 1.22 0.014 1.24
1100 0.017 1.23 0.0076 1.24
1200 0.0094 1.23 0.0042 1.25
1300 0.0052 1.24 0.0023 1.26
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s (+(* - gystematic uncertainties:
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Figure 6: Relative uncertainties in the total background yield estimation after the fit. ‘Stat. Unc.” corresponds to
reducible and irreducible background statistical uncertainties. ‘Yield fit’ corresponds to the uncertainty arising
from fitting the yield of diboson and Drell-Yan backgrounds. ‘Lumi’ corresponds to the uncertainty in the
luminosity. ‘Theory’ indicates the theoretical uncertainty in the physics model used for simulation (e.g. cross-
sections). ‘Exp.” indicates the uncertainty in the simulation of electron and muon efficiencies (e.g. trigger,
identification). ‘Fakes’ is the uncertainty associated with the model of the fake background. Individual uncer-
tainties can be correlated, and do not necessarily add in quadrature to the total background uncertainty, which

is indicated by ‘Total Unc.’.
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t — (+(* - Fit results:
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tt — 40 - Fit results:

OCCR DBCR DBCR DBCR 41.CR
etfe™ efete™ et pteF T PEPEPFFF
Observed events 184 569 576 1025 797 140
Total background 184 570+430 574 +24 1025 +£32 797 +28 140 +12
Drell-Yan 169 980 + 990 - - - -
Diboson 5060 + 900 449 +28 909 +135 775 +£29 138 +12
Fakes 2340+ 300 123 15 113 +14 199 + 6.5 1.31+ 0.16
Top 7200 + 250 1.58 + 0.06 290+ 0.11 2.04+ 0.08 0.37+ 0.01
SCVR SCVR SCVR 4L.VR
et ot ot u:t #:t ﬂ:t: pEpx P PF
Observed events 3237 1162 1006 3
Total background 3330 +210 1119 +51 975 £50 4.62 +0.40
Drell-Yan 2300 =190 - - -
Diboson 319 + 25 547 +23 719 +30 4.59 +0.4
Fakes 640 =+ 65 502 +54 249 +47 —
Top 715+ 6.8 705+ 2.6 693+ 0.27 0.033+0.001
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tt — 40 - Fit results:

3LVR 3LVR 3LVR 3LVR
etete™ ei'u¢£¢ u:i:#:tllq: #iﬂiex eieiux
Observed events 108 180 126 16
Total background 88.1 5.8 1929 +£99 107.0 +35.1 270 = 39
Diboson 644 +5.8 147.3 +9.0 1009 +£5.0 472 + 0.79
Fakes 23.3 +£3.0 439 +409 53 1.2 21.3 + 34
Top 0.50+0.03 1.73 +£0.09 0.82 +£0.05 1.01 + 0.15
SR1P2L SR1P2L SR1P2L SR2P4L
eteot e:i:#:t pEuE pEpEpFpF
Observed events 132 106 26 1
Total background 160 +14 971 =777 226 20 033 +0.23
Drell-Yan 70 £10 — - -
Diboson 305 £ 3.0 404 +4.5 20.3 +1.8 0.11 +0.06
Fakes 522 + 5.0 53.1 +£5.8 1.94+047 0.22 +0.19
Top 720+ 0.97 3.62+0.53 0.42+0.03 0.007=+0.002
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tt — 40 - Fit results:

SR1P3L SR1P3L SR1P3L SR1P3L
eteteT e:t#:tfiF ﬂ:t”:tﬂiF uiu:teq:, e:te:tﬂqi
Observed events 11 23 13 2
Total background 13.0 1.6 342 +36 132 1.3 31 = 14
Diboson 905 +1.3 23.1 £209 13.1 £1.3 0.27+ 0.14
Fakes 3.3 £0.67 10.7 +1.7 — 26 £ 1.2
Top 0.14 +0.02 0.45 +0.04 0.12+0.01 0.19+ 0.08

@A
N L
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t+ s ¢+ - Fit results:

) 10° g e ) 10° g e
= ?_TfAS _,—— Observed 95% CL limit = ?_T'_-AS _,—— Observed 95% CL limit
£ el BTVl h .. Expected 95% CL limit I e Expected 95% CL limit
T B(e'e*)=100%  mmm Expected limit + 1o T B(ee)=0% ) Expected limit  ©o
1 B(ew)=0% [ Expected limit + 26 1 B(ew)=0% [ Expected limit + 26
s B(uu*)=0% . o B(u)=100% v
< 10F o(pp—>H H) s 10 = o(pp—>H H)
o(pp— H_'Hy) = o(pp—> H 'Hy)
1 1
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2 . _2 .
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t+ s ¢+ - Fit results:

ATLAS
Vs=13 TeV, 36.1 fb™
B(Hf—) F)=100%

B(H™— pu) [%]
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= — ((* - Fit results:
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B(H*— p*pt) = 1-B(H* - X) [%)]

L

L

B(H"— FF) = 1-B(H"— X) [%)]
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= — ((* - Fit results:
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B(H’:—)» pipt) = 1-B(H"— X) [%)]

R

R

B(H 5 ) = 1-B(H = X) [%]
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 — " - simulated samples: vev=0.1GeV
Process Event Generator ME order Parton Shower  PDF Tune
%,quvv, SuErea 2.1.1 [31] MEPS NLO Suerea2.1.1  CT10[32] Suerea 2.1.1 default
ttH MG5_aAMC [33] NLO PyTHiA 8 [22] NNPDF 3.0 NLO [34] Al14[28]
VH PyTHIA 8 LO PyTHIA 8 NNPDF 2.3 LO Al4
tHgb MG5_aMC LO PyTHIA 8 CT10 Al4
tHW MG5_aMC NLO Herwig++ [35] CT10 UE-EE-5 [36]
titw, tt(Z/y*) MG5_aMC NLO PyTHIA 8 NNPDF 3.0 NLO Al4
t(Z]y™) MG5_aMC LO PyTHIA 6 [21] CTEQG6L1 [26, 27] Perugia2012 [37]
tW(Z/vy*) MG5_aAMC NLO PyTHIA 8 NNPDF 2.3 LO Al4
ttt, titt MG5_aAMC LO PyTHIA 8 NNPDF 2.3 LO Al4
ttWtw— MG5_aMC LO PyTHIA 8 NNPDF 2.3 L0 Al4
Vy SHERPA 2.2 MEPS NLO  SHERPA 2.2 NNPDF 3.0 NLO SHERPA 2.2 default
s t-channel, o Boxv2[38,39] NLO PyTHIA 6 CT10/CTEQ6LI1 Perugia2012
Wt single top
= A
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gnal region optimization:
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t — AU - signal region optimization:
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Data/SM Events/ 21 GeV

Events / 0.5 rad
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t — WA - signal region optimization:

2658 3¢ 4¢
Selection criteria ete* et u* uEu* SFOS 0 SFOS 1,2
mp+= = 200 GeV

EMSS[GeV ] > 100 > 100 > 100 > 45 > 45 > 60
My [GeV ] [25,130] | [15,150] | [35,150] > 160 > 170 > 230
ARy p=[rad.] <0.8 <1.8 <0.9 [0.15,1.57] | [0.00,1.52]
Ap(£¢, EXS)[rad.] <1.1 <13 <1.3
S[rad.] <0.3 <0.3 < 0.2
Miets[GeV ] [140,770] | [95,330] | [95,640]
AR;_jet[rad.] [0.08,1.88] | [0.07,1.31]
pading Jet gy > 80 > 55

} [GeV ] > 65
ARg;lgi [rad.] [0.16,1.21]

AR [rad.] [0.27,2.03]

mp+= = 300 GeV
E,}niss [GeV ] > 200 > 200 > 200 > 65 > 55 > 60
My [GeV | [105,340] | [80,320] | [80,320] > 170 > 210 > 270
ARy p=[rad.] <1.4 <1.8 <1.8 [0.18,2.23] | [0.08,2.23]
Ap(€€, EF*)[rad.] <2.1 <24 <24
S[rad.] <04 <04 <04
mjets[GeV ] [180,770] | [130,640] | [130,640]
dl[rad ] [0.27,2.37] | [0.21,2.08]

prding et Gey | > 95 > 80
p} '[GeV ] > 45
AR‘I}:“‘i [rad.] [0.09,1.97]

R?}tag,‘i [rad.] [0.44,2.68]
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t — WA - signal region optimization:

B B

mpg+= = 400 GeV

ETSS[GeV ] > 200 > 200 > 200 > 65 > 85 > 60
My [GeV ] [105,340] | [80,350] (80, 350] > 230 > 250 > 270
ARp=p+[rad.] <22 <1.8 <1.8 [0.22,2.39] | [0.29,2.69]
Ap(t, EX"5)[rad.] <24 <24 <24
S[rad.] <0.6 < 0.6 <0.5
Miers[GeV | [280,1200] | [220,1200] | [220,1200]
AR, ({l[rad ] [0.30,2.59] | [0.31,2.30]
pading Jet ey > 120 > 100
p£ [GeV ] > 110
ARTID, [rad.] [0.39,2.22]
AR™2X [rad.] [0.55,2.90]
Mg+ = 500700 GeV
ET'SS[GeV ] > 250 > 250 > 250 > 120 > 100 > 60
mye[GeV ] [105,730] | [110,440] | [110,440] > 230 > 300 > 370
ARz p=[rad.] <2.6 <22 <22 [0.39,3.11] | [0.29,2.85]
Ap(£t, EX'*)[rad.] <2.6 <24 <24
S[rad.] <1.1 < 1.1 <1.1
mjets [GeV | > 440 > 470 > 470
({l[rad ] [0.60,2.68] | [0.31,2.53]
padingjet gy > 130 > 130
p,{ [GeV ] > 160
AR?}J?i [rad.] [0.53,3.24]
ARZE/. [rad.] [0.59,2.94]
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t — AU - signal region optimization:

26% 3¢ 4¢

Subchannel ete* et u* u* SFOS 0 SFOS 1,2
my=+ = 200 GeV
Prompt lepton 05+0.2 0.3+0.2 1.3+0.6 0.3+0.1 1.4+0.5 0.07 £0.03
QMisID 0.6 +0.2 04 +0.1 - - - -
Fake lepton 1+1 <04 0.4+0.3 0.2+0.1 0.2+0.1 0.03 £0.02
Total background 2+1 0.6 0.3 1.7 +£0.7 0.5+0.1 1.7+ 0.6 0.11 £0.05
Signal 1.1+£0.2 23+04 24+04 1.8+0.3 5.0+0.9 1.1+0.2
A [%] 0.037 0.080 0.082 0.061 0.17 0.038
ngs 12.3 7.1 7.5 4.1 7.7 3.8
Data 3 2 2 1 2 0
my=+ = 300 GeV

Prompt lepton 0.1 +£0.1 09+04 0.02 +£0.02 0.4+0.1 4+1 0.3+0.1
QMisID 0.1 £0.1 0.07 £ 0.04 - - - —
Fake lepton 04+0.5 <0.2 <04 0.3+0.2 0.8+04 0.2+0.2
Total background 0.7+0.5 1.0+ 0.5 0.02 +£0.02 0.8+0.2 5+2 0.5+0.2
Signal 0.16 £ 0.03 0.6 £0.1 0.29 +0.05 0.6 +£0.1 1.8+0.3 0.43 +£0.08
A [%] 0.027 0.10 0.049 0.11 0.30 0.071
ngs 4.0 9.6 3.0 3.1 22.7 3.8
Data 0 3 0 0 11 0
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t — AU - signal region optimization:

26% 4¢

Subchannel ete* e* u* u* SFOS 0 SFOS 1,2
my=+ = 400 GeV
Prompt lepton 0.7+0.3 1.0+ 0.4 0.2 +0.1 0.3+0.1 4+1 0.3+0.1
QMisID 0.3+0.1 0.2 +£0.1 — — — —
Fake lepton 04+0.5 <0.3 <04 0.3+0.2 0.2+0.1 0.05 £ 0.04
Total background 1.4+0.6 1.2+0.5 0.3+0.1 0.6 +0.2 4+1 04+0.1
Signal 0.20+0.04 | 0.38+0.07 | 0.19+£0.03 | 0.23+0.04 | 0.6+0.1 0.17 £ 0.03
A [%] 0.11 0.21 0.11 0.13 0.36 0.092
ngs 10.4 18.3 6.4 3.1 10.4 4.3
Data 2 6 1 0 4 1
mp++ = 500 GeV

Prompt lepton 1.0+04 0.7+0.3 0.3+0.2 0.4+0.1 3+1 0.2+0.1
QMisID 0.3+0.1 0.2 +0.1 - - - -
Fake lepton 02+0.5 0.3+0.5 <04 0.11+£0.06 | 0.10+0.05 02+0.2
Total background 1.6 £0.6 1.2+0.6 0.3+0.2 0.5+0.1 3.0+0.8 04+0.2
Signal 0.10+0.02 | 0.16 £0.03 | 0.07+0.01 | 0.09+0.02 | 0.24 +£0.04 | 0.06 = 0.01
A [%] 0.16 0.25 0.11 0.14 0.37 0.098
A [%] mp=+ = 600 GeV 0.22 0.36 0.16 0.17 0.44 0.11
A [%] mp=+ =700 GeV 0.26 0.38 0.17 0.19 0.48 0.12
ngs 8.6 12.7 3.8 3.0 7.9 4.9
Data 4 3 0 0 2 3
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