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Mass splittings among H_, A_, H’
have large impact in 2HDM phenomenoclogy

FOR SIZABLE MASS SPLITTINGS, LIMITS FROM “STANDARD”
LHC SEARCHES MAY BE SIGNIFICANTLY WEAKENED

c.g. ma, — Mg, > My Ag — Ho Z BR to other decay channels

Ychannel openvv drastically reduced
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Mass splittings among H_, A_
Important for 2HDOM Cosmology

A SIZABLE M'A, —TI'H, FAVOURS A FIRST ORDER EW PHASE TRANSITION

ELECTROWEAK BARYOGENESIS POSSIBLE WITHIN 2HDM
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Such searchles) recently performed by CMS
(Meaningful constraints from LHC Run 1)

CMS-PAS-HIG-15-001
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Such searchles) recently performed by CMS
(Meaningful constraints from LHC Run 1)
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Benchmarlks for 2HDM from the
Electrowealt Phase Transition

® ALL BENCHMARKS FEATURE M4, — My, > Mgz

Ao — Ho Z as primary signature




Benchmarlks for 2HDM from the
Electrowealt Phase Transition

® ALL BENCHMARKS FEATURE Mp, —Mp, > Mgz

Ao — Ho Z as primary signature

® BENCHMARKS A T Close to Alignment Limit cos(ff — a) =0

Hy — bb (mp, <340 GeV),  Hy—tt (mpg, > 340 GeV)
H * needs to be close in mass to either I-lD or AD , due to EW Precision Observables

Al: my, =mpgsr =420 GeV mpg, = 180 GeV tan(f) =3

TYPE | 0,0 =2.795pb  Br(Ag— ZHp)=0.8433  Br(Ho — bb) = 0.711

TYPE Il 0,0 =2837pb  Br(Ag— ZHy)=0.8383  Br(Hy— bb) = 0.899

A2 : mya, =420 GeV mpy, = mp+ = 180 GeV  tan(B) =3

TYPE | o," =2.795pb  Br(4g— ZHy)=0.3016  Br(Ho— bb) =0.711
Br(4g— W= HT)=0.642  Br(H" — bt) = 0.992




Benchmarlks for 2HDM from the
Electrowealt Phase Transition

® ALL BENCHMARKS FEATURE Mp, —Mp, > Mgz

Ao — Ho Z as primary signature

® BENCHMARKS A T Close to Alignment Limit cos(ff — a) =0

Hy — bb (mp, <340 GeV),  Hy—tt (mpg, > 340 GeV)

H" needs to be close in mass to either I-lD or AD , due to EW Precision Observables

Al: my, =mpgsr =420 GeV mpg, = 180 GeV tan(f) =3

Similar to BP1 from KS. Rcaardina topology ond Final state (bb 1),
similar to BP2. BP3. BP4. BP8 from KS. and Scenario D from HS

A2 : my, =420 GeV mpg, = mpg+ = 180 GeV tan(f) = 3

interesting signatures From H* in both Cases, similar to those
shuPana will discuss (BP1-BP8).




Benchmarlks for 2HDM from the
Electrowealt Phase Transition

® ALL BENCHMARKS FEATURE Mp, —Mp, > Mgz

Ao — Ho Z as primary signature

e BENCHMARKS B T Away from Alignment Limit cos(f — a) 2 0.1

v 40 + 2v  Final State v 40+ 2v  Final State

Hy W W< Hy— 727 < .
’ N30 +v+2j Fial State ! Y40+ 27 Final State
B. Coleppa, F. Kling, S. Su, 1404.1922

G. Dorsch, S. Huber, K. Mimasu, J. M. N, 1507 .xxxxx

Such departure from Alignment possible for Type | (Type ll in "wrong sign”)



Benchmarlks for 2HDM from the
Electrowealt Phase Transition

® ALL BENCHMARKS FEATURE Mp, —Mp, > Mgz

Ao — Ho Z as primary signature

e BENCHMARKS B T Away from Alignment Limit cos(f — a) 2 0.1

v 40 + 2v  Final State v 40+ 2v  Final State

Hy W W< Hy— 727 < .
’ N30 +v+2j Fial State ! Y40+ 27 Final State
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Such departure from Alignment possible for Type | (Type ll in "wrong sign”)

Bl1: my, =mpg: =400 GeV mpy, =180 GeV tan(8) =2 sin(f—a)=0.95

o/ =8158 pb  Br(dg — Z Ho) = 0.584 Br(Hy — W W~)=0.936 Br(Hy - ZZ) = 0.062



Benchmarlks for 2HDM from the
Electrowealt Phase Transition

® ALL BENCHMARKS FEATURE Mp, —Mp, > Mgz

Ao — Ho Z as primary signature

e BENCHMARKS B T Away from Alignment Limit cos(f — a) 2 0.1

v 40 + 2v  Final State v 40+ 2v  Final State

Hy W W< Hy— 727 < .
’ N30 +v+2j Fial State ! Y40+ 27 Final State
B. Coleppa, F. Kling, S. Su, 1404.1922
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Such departure from Alignment possible for Type | (Type ll in "wrong sign”)
Bl1: my, =mpg: =400 GeV mpy, =180 GeV tan(8) =2 sin(f—a)=0.95

0,0 =8158 pb  Br(Ag— Z Hy)=0.584 Br(Hy—WTW~)=0936 Br(Ho— ZZ)=0.062
ma, =my+ =400 GeV mp, =220 GeV tan(f) =2 sin(f —a)=0.95

o =8158 pb  Br(Ag — Z Ho) = 0.446 Br(Hy — WTW™)=0.715 Br(H, — ZZ) = 0.285
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Higgs Signal Strengths Fit
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2HOM@LHC

LHC DISCOVERY POTENTIAL OF BENCHMARK SCENARIOS

O A few words on the Analyss...

= Type T 2HDM implemented in FeynRules (including gluon~fusion).

= Signal & relevant backgrounds generated using MadGraph5_aMC@NLO. Generated events
passed on to Pythia for Parton Showering and Hadronization and subsequently to Delphes
for detector simulation.

— Use of NLO flat K~factors for signal (SusHi) and dominant backgrounds.

= “Cut & Count” analysis on a small set of kinematical variables, to extract signal over
background.

= Determined required Integrated Luminosity at 14 TeV to achieve So statistical

significance via a C.L.s hypothesis test. > Only statistical uncertainties.

N : :
10% systematic uncertainty on background.


mailto:MadGraph5_aMC@NLO

2HOM@LHC

LHC DISCOVERY POTENTIAL OF BENCHMARK SCENARIOS

© Benchmark B: Ag — Ho Z — W W U — 40 +2v  (o-p = 0.17)

= Most sensitve A search channel away from alignment
= AO — HO S — L0000 — 40 + 23‘ a/goprom/'g/'ng

B. Coleppa, F. Kling, S. Su, JHEP 1409 (2014) 161
= Main backgrounds are ZZ, Ztt hZ, Z wOmimamT

= Analysis & Event Selection similar to previous case:

— Y Tsolated (cone of 0.3) leptons, same~flavour pairs. Inl < 2.5 (2.7) for electrons (muons)

— P >40Gev, Py2% "> 20 GeV

14 TeV LHC, Z = 60 fb"
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35
| 30
| 25
20
| 15
10

50

— 1 pair of SF leptons must reconstruct m,, 10

— Transverse mass variables:
(mz)? = (\/ P g+ My + 1) = (Frae +Pr)” §

my = \/ PF g + MG + \/ PF g+ (m7)?

m%—? > 260 GeV allows for Signal Extraction
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2HOM@LHC

LHC DISCOVERY POTENTIAL OF BENCHMARK SCENARIOS

© Benchmark B: Ag — Ho Z — W W U — 40 +2v  (o-p = 0.17)

= Most sensitve A search channel away from alignment
= AO — HO S — L0000 — 40 + 23‘ a/goprom/'g/'ng

B. Coleppa, F. Kling, S. Su, JHEP 1409 (2014) 161
= Main backgrounds are ZZ, Ztt hZ, Z wOmimamT

= Analysis & Event Selection similar to previous case:

— Y Tsolated (cone of 0.3) leptons, same~flavour pairs. Inl < 2.5 (2.7) for electrons (muons)

— P >40Gev, Py2% "> 20 GeV
14 TeV LHC, & = 60 fb
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2HOM@LHC

LHC DISCOVERY POTENTIAL OF

ENCHMARK _ SCENARIOS

— 2 b~tagged Jets withInl < 2.5

® Benchmark A: Ao — Ho Z — bb ¢

= Analysis at 14 TeV: Event Selection
— Anti~kT Jets with distance parameter R = 0.6

(a-B = 0.001x)

= Irreducible backgrounds are Zbb, tt, ZZ, hZ

— 2 Isolated (within a cone of 0.3), Same~flavour leptons. Inl < 2.5 (2.7) for electrons (muons)

— Pl >40Gev, Pg?>20GeV.

Signal| tt |Zbb| ZZ | Zh
Event selection 14.6 |1578(424 | 7.3 2.7
80 < myee < 100 GeV 13.1 | 240 | 388 | 6.6 2.5
HP2P > 150 GeV
Hgbb S 980 GeV 8.2 o7 | 83 0.8 0.74
ARp < 2.5, ARy < 1.6 5.3 5.4 |28.3| 0.75 0.68
mub, Meevy Signal region| 3.2 | 1.37] 3.2 [< 0.01]< 0.02




2HOM@LHC

LHC DISCOVERY POTENTIAL OF

ENCHMARK _ SCENARIOS

— 2 b~tagged Jets withInl < 2.5

Invariant mass windows:
my, — (mp, —20) £ 30 GeV
Mygpp, — (mAO — 20) + 40 GeV %

® Benchmark A: Ao — Ho Z — bb ¢

80—
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2@ 40
. . o (e SD i
50 signal significance for: 00|
L =15 (statistics only) 10l
L =40’ (10% systematics) 0

(a-B = 0.001x)

= Irreducible backgrounds are Zbb, tt, ZZ, hZ

= Analysis at 14 TeV: Event Selection
— Anti~kT Jets with distance parameter R = 0.6

— 2 Isolated (within a cone of 0.3), Same~flavour leptons. Inl < 2.5 (2.7) for electrons (muons)

= Prfn] > 40 GeV, Py? > 20 GeV.
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