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searching for heavy resonances
emphasis on MSSM / 2HDM

LHC colliding protons
at 13 TeV

bread and butter:
resonance searches

big increase as function of
collision energy
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searching for heavy resonances

emphasis on MSSM / 2HDM
8 TeV
featu res Of ZHDM / MSSM . Obs., h couplings [ky, K, K] [___] Obs., H—> ZZ— 4, ll qg/bb/vv
many “Higgs”s ) Gt e W b
2 CP-even (h, H), 1 CP-odd (A)

2 charged (H*)

tan B

outcome of 8 TeV searches:
limits on new physics models

this talk: updates with 13 TeV
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searching for heavy resonances

emphasis on MSSM / 2HDM

discuss in some detalil
X =TT
X = Zh

quick mention
X = WW
X 27
X — HH

see Henrik’s talk for H* — V!
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H/A— 1T

see Mark’s talk from yesterday for more detail
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H/A =TT

11
/ e, o, ...

| h/H/A < T > hV
T - hv or {vv
>2 neutrinos!

degrades m(tT)
resolution

searches typically target ~inclusive h/H/A production
MSSM also likes b-associated

Alexander Tuna 6



H/A— 1T

ATLAS Preliminary —¢— Data
s=13TeV, 3.2 1" WA=

m, = 500 GeV, tanf} = 25

4 _| I I | I I I I | I I I I | I I I I I I I I
10" ATLAS Preliminary —s— et
(s=13TeV, 321" WA

m, = 500 GeV, tanf} = 25

Evenis/ GeV
S,
Evenis/ GeV
S,

H/A— Tlepthad [ | Jet—l fakes H/A— Tlepthad [ | Jet—l fakes
[ Zom [ Zom
[ | tt, single top o [ | tt, single top
B Diboson 1 O B Diboson
] Z— ee/up ] Z— ee/up

] Uncertainty ] Uncertainty

—
o
o

T T[T T T T T T T T T 7T

10
1 107
107"
-c 1.2 L I I I I | I I I I | I I I I | I I I I ] -c 1.5 :_l I I | |_¢_| I I | I I I I | I I I I I I I |_:
L %@%%wmw S S N ) S s
E 0'8 C | | | | | | | | | | | | | | | | | | N E 05 __l | | | | | | | | | | | | | | | | | | | | |_
T 0 50 100150 200 s 100 200 300 400 500

m(lepton, EI"**) [GeV] P, (Thao) [GEV]

jets mis-id’d as Thad
t = bbThaglvvv

Alexander Tuna /

Tlepthad Major SM backgrounds:



L
~~
>
]
-
-

> : I I I I | I I I I | I I I I | : > L I I | I I I | I I I | I I =
() 10% = ATLAS Preliminary —¢— Data _ (o)) , ~  ATLAS Preliminary —e— Data a
(g - (s=13TeV, 321" :'/::;;0 GeV, tan = 25 - (\5 10 3 \s=13TeV, 3.2 10" :/::;;o GeV, tan = 25 =
S 108 ;_ HA- 1, T % :lultiiet _; _'g 0 f_ HA- 1, T % ;,.u.tijet _f
% - Same Sign B W . g - Same Sign . =
Q 1 02 - [ | tt, single top _ LL - [ | tt, single top .
Lﬁ ____________ B Others E 1 = I Others =
- Uncertainty ] ; Uncertainty ;

108 E 107" + E

'E 1072 I

107" T 1072

y

8 2 o I I I I | I I I I | I I I I ,I””I —E 8 2 o I I I | I I I |$7I I | I I |/ I I I —E

E o P . o S 222227,7‘ o 2 70000

E 1 g s ' Z ik E 1 J‘FZ’Z T # “““'///; 00000

~— - S S S S = ~— e N S =

S O E | | | | | | | | | | | | | | | | | | . S O | | | | | | | | | | | | | | | | | | | .
ths 0 50 100 150 200 ths 0 200 400 600 800 1000

E™ss [GeV] mt' [GeV]

Thad'had Major SM background: jets mis-id’d as Thad

Alexander Tuna 8



H/A— 1T

> T 1 | T T T 1 | I T T 1 | I T T 1 | I T T 1 | T T T 1 | T T T 1 | T T T 1 T T 1T T/ > T T | T T T 1 | T T T 1 | T T T 1 | T T T 1 | I T T 1 | T T T 1 | T T T 1 T T T 1
) 103 = : —e— Data = ) 102 — i —e— Data —
5 = ATLAS PreI|m|_1nary CHA - w E 5 = ATLAS PreI|m|_1nary C HA - =
— - Is=13TeV,3.2fb m, = 500 GeV, tanf =25 ] — ~ (s=13TeV,3.2fb m, = 500 GeV, tanf =25
2 102 HA - 1, 4 [ Jet—lt fakes — 12 ~ HA -1 T [ Mulitjet .
S = A% = g 10= A% —
> - [ tt, single top ] > = I Wty 3
L 10 w I Diboson N L - I i, single top .
0 I Z—ee/upn = B I Others N
Uncertainty - 1= Uncertainty —=
1 Pre-fit background _‘ = o+ [t T e Pre-fit background —
- 107 = —e— E
1 0—1 'll’ /lll _g E o7 o 5 o o 5 5 E
1 0—2 77777'/'/'/7777);7777777777;52 1 0_2 g_ %‘% _'_§
1073 10° e
8 25_I T | I T 11 | I T 171 } T T T | T T 1T | T T I T | T 11 | T T 171 | T T 1] 8 2 %l I T 11 | I T 11 | T T T 1 | T 171 | T T T | T TTT 1T | I T 11 | T TTT I_;
& 1&0&;”#}4###/{& 00 ///% & | peine g ®rrothons //:/: 222777 //// 8
o s o 2 E
-+ - -+ O — —_
(U 1 1 | | I I | | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | I I | | | I I | | I I | | L 11 T (U H | | | | I I | | I I | | | T | | I I | | I I | | I I | | |
o) 200 300 400 500 600 700 800 900 1000 A OO 300 400 500 600 700 800 900 1000
tot [GeV] tOt [GeV]

no significant excesses above background prediction

Alexander Tuna 9



H/A— 1T

80_IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
C ATLAS Preliminary, \s=13 TeV, 3.2 fb”
/0~hMSSM scenario

C H/A — T, 95% CL limits

—@— Observed

7/ Expected
2/
7)) Bl 10

N 25

: 7] === ATLAS Run-| (Obs.)
N ATLAS Run-l, SM Higgs
boson couplings (Obs.)

300 GeV
N
N\
N\

my =
N\

AN
N\
NN\

7

S E

30 ¥ <
&:

20 % ||§
g

W

10 '

_J.J---I"‘I": III|IIII|IIII|IIII~‘:§|IIII|IIII~‘iIIII|IIII_

200 300 400 500 600 700 800 900 1000 1100 1200
m, [GeV]

o

1
Q'
2
e
!
=
oC
m
X
®)

[\V)

10

—h

107"

10°

2

200 300 400 500 600 700 800 900 1000 1100 12

ATLAS Preliminary, \s=13 TeV, 3.2 fb™

. ¢ — T, gluon fusion

o —e— Observed
95% CL limits ... Expected

mmio

20
— * TiepThad (Exp.)
—— ThadThaa (EXP-)

IIII|\

00

m, [GeV

set 95% CL limits on the production

better than Run 1 at high masses, despite much smaller dataset!
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A — /Zh
— (££ or v)bb

see Kristian’s talk tomorrow for more detail
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A— Zh — (£ or v)bb
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searches targeting ~inclusive A production

focus on h—Dbb for large BR

focus on Z—£4£ or vv for clean signatures
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pt(Z) < 500 GeV: reconstruct 2 b-jets
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X — VV or HH

In brief

see Kristian’s talk tomorrow for more detail
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see dedicated talks tomorrow on VV / VH / HH resonances!
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see dedicated talks tomorrow on VV / VH / HH resonances!
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summary

huge program of searching for new resonances at LHC

first year of 13 TeV data already exceeding Run 1 in high mass regime

no hints of new physics in highlighted searches aiming at MSSM

Alexander Tuna
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library

topic preliminary or paper? identifier

W(Iv)W(lv or Q) prelim. ATLAS-CONF-2016-021
H(bb)H(bb) prelim. ATLAS-CONF-2016-017
Z(Il or v)H(bb) prelim. ATLAS-CONF-2016-015
TT prelim. ATLAS-CONF-2015-061
H(bb)H(yy) prelim. ATLAS-CONF-2016-004
V(Il' lv vw)H(bb) prelim. ATLAS-CONF-2015-074
H(4l) & H(yy) prelim. ATLAS-CONF-2015-069

8 TeV combo JHEP 11 (2015) 206 HIGG-2015-03
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see dedicated talks tomorrow on VV / VH / HH resonances!
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searches typically target ~inclusive h/H/A production
MSSM also likes b-associated
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