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LHC analyses of 2HDM

Interpretation of 125 GeV

coupling measurements
ATLAS-CONF-2014-010

2HDM Type i ATLAS Preliminary
m——Obs. 95% CL Vs=7 TeV: [Ldt=4.6-4.8 i

X Bestfit fs=8TeV: [Ldt=203 "
==== Exp.95% CL Combinedh — yy,ZZ" WW*
— — SM h — tr,bb
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CMS 19.5 fb™ (8 TeV)
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s [1410 2751] myem.=300GeV e
: : : Observed 95% CL limits :
Expected 95% CL limits
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tan p

10'1 : 1 Il Il

Genuine 2HDM searches

Model sensitivity:

BR(H -> hh) depends on full model
SM h ->yy sensitive to H*Hh
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Idea of Benchmarks

Like probably most theorists, | favor keeping experimental
searches as model-independent as possible.

Still, in many situations it also makes sense to consider
specific models.

The role of benchmarks is to:
- Motivate experimental searches to exploit all channels
- Improve search strategies using model-specific information
- Combine different channels to improve sensitivity
- Define unambiguous and complete sets of parameters to
be able to consider relevant model constraints
enable calculations of higher-order corrections
provide language to compare exp <-> exp and exp <-> th



The Higgs basis

Among the 2HDM basis choices, there is one special case:

the Higgs basis, where only one of the doublets acquires a vev:
(Y

Hi = cos fPq + sin 5P, (HY) = 7 (HY) =0
Hy = —sin f®; + cos 5P,

V = YiHH, + YoHIHy + [Y3HIHy + h.c]
FLZ (HTHY)? + L2, (HY Hy)? + Zs(H{H,) (HY Ho) + Zy(H{ Hy)(H3 H,y)
+{325(H{Hy)* + [ Z5(H{ Hy) + Z-(H} )| H{Hy + hc. |

Soft Z,-breaking condition (existence of basis with A, = A, = 0):

(Zy — Z9) [ 2177 + ZoZ6 — Zsas Zet| + 2Z5:(Z6 — Z7) = 0

2015-02-24 2HDM Benchmarks 4



2HDM Hybrid basis

H.E. Haber, OS [to appear]

Even with restrictions to CP conservation and soft Z, (Types)
there remains seven free parameters in the 2HDM:
A, A2, Az, Ag, A5, mes, tan B
or
Mp, MH, MA, Mp+,sin(f — o), miy, tan 3
or
Hybrid basis: mn, mu, cos(8 — a),tan B, Zy, Zs, Z7

Mg > My
0<B<7/2 0<sg_o <1

“Type” condition on the Yukawa couplings implicit
Z, symmetry manifest (A, = A, = 0) in basis with specified tan {3



Mass relations in hybrid basis

Remaining masses fixed by the quartic Higgs basis couplings:

2 .2 2 2 2
HSB—o T MyC3_q — 45V

1
m%{i = mi — 5(24 — Z5)U2

m5 =m

Z, enters only in triple/quartic scalar interactions

Theoretical constraints:
Z;| S O(1)

Practical to use hybrid basis to find theoretically allowed regions
of 2HDM parameter space.
Predictions presented in terms of physical parameters.



Overview of scenarios

H.E. Haber, OS [to appear]

Scenario A

“Standard” scenario with lightest Higgs at 125 GeV
M, =125 GeV<M, <M, =M,,.

Useful for H searches in standard modes and H->h h

Scenario B
“Inverted” scenario with heavy CP-even Higgs at 125 GeV
M, <M,=125 GeV < M, = M,,,. Useful for h searches.

Scenario C

Overlapping CP-even and CP-odd Higgses @ 125 GeV
M, =M, =125 GeV <M, = M,,,. Test sensitivity to mixed CP.
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Overview of scenarios

. H.E. Haber, OS [to appear]
Scenario D

“Inverted” scenario with heavy CP-even Higgs having non-SM
cascade decays, e.g. H->AZ, H->H'W. M,/M,, <M,

Scenario E
Scenario with heavy CP-odd / charged Higgs in cascades
A->H*"W orH"->A W,

Scenario F
h with SM-like couplings to up-type fermions and vector bosons,
but flipped sign of coupling to down-type fermions.

Scenario G
“MSSM”-like (mass-degenerate) scenario for heavy Higgs bosons
M, =125 GeV<M, =M, =M,,, decoupling as M >>v.
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2HDMC (2-Higgs Doublet Model Calculator)

Public, object-oriented C++ code implementing calculations for
the general (CP-conserving) 2HDM in different parametrizations

D. Eriksson (Ericsson), OS (Stockholm), J. Rathsman (Lund)
[0902.0851]

http://2hdmc.hepforge.org
First released in 2009, current public version is 1.6.5

Predictions for all benchmark scenarios of branching ratios and
LHC cross sections — link to SusHi

R. Harlander, S. Liebler, H. Mantler, [1212.3249]

Part of XSWG interim recommendations for the 2HDM

R. Harlander, M. Mubhlleitner, J. Rathsman, M. Spira, OS [1312.5571]
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Example: Scenario G (MSSM-like)
Start from MSSM tree-level values for the Higgs potential

2 12 2 12 2
+ _
A=Ay =2 49, g = 2 49, M=-L . Ns=de=Ar=0.

1
m, = §m?4 sin 23

Assume dominant radiative corrections to the (2,2) element of

the CP-even Higgs mass matrix is due to A,,.

Define:
)\2%)\24—5

Use measured value of m, as input to fix 0. Input parameters:

ma, tan 3, my,

Phenomenology similar to “hMSSM” approach

A. Djouadi, et al [1307.5205], [1502.05653]
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Most MSSM-like scenario (Type-Il)

Excluded by direct searches (HiggsBounds)

Fit to light h rates
(HiggsSignals)

-AX2 < 11.8
Ax? < 5.99

[ 1Av? <230

L

t

| | || ||||||II||IIIIIIIIIIIl|||||||

200 300 400 500 600 700 800 900 1000
my (GeV)
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Less MSSM-like scenario (Type-I)

% Excluded by direct searches (HiggsBounds)

Fit to light h rates
(HiggsSignals)

-AX2 < 11.8
Ax? < 5.99
[ 1AY? <230

=9

200 300 400 500 600 700 800 900 1000
ma (GCV)
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Backup
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The general two-Higgs-doublet Model (2HDM)
Two complex SU(2) doublets (Y=1): &, ®,
Scalar potential:
Varon = m2; | @12 + m2,|®s|? — [m§2<1>{<1>2 + h.c.}

1 1
+ 5P| 4 S| Dot + Ag[@1[*|@af* + A4 (‘1’1%) (‘1’5‘1’1)

#{ 50 (2122) "+ o (12) + 0 (2f2)] (0]22) + e

Complex phases on A, A, A, and m_, can give rise to tree-level
CP-violation (restricted by data). This talk: CP conservation.

Reparametrization invariance: &, = U, @, (a = 1,2)

Review: [arXiv:1106.0034]
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The general two-Higgs-doublet Model (2HDM)

Introducing an explicit basis in (®,, ®,) space: tan§ = :_2
1
5 - L V3(G* cos 3~ H sin )
1_\@ veos B —hsina+ Hcosa+1i(G” cos f — Asin )
Dy = — V2(GTsin B+ H cos f)
’ V2 vsin6+hcosoz+HSina+i(GOSin5+AC086)

Five physical Higgs states following EWSB:
Two CP-even Higgs bosons: h, H
m, < m,, mixing angle o

One CP-odd Higgs boson: A
One charged Higgs pair: H*
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Higgs Couplings

Couplings to vector bosons determined by mixing angle

ggz\/dv = sin(f — «) 91811\\4/\/ = cos(ff — ) gavv =0
Ihvv 9aVV

SM-like Higgs sin(8 — o) — 1 possible with or without decoupling
2HDM Yukawa couplings in arbitrary basis

1 ¢ 1 P
Ly = —D|rPss_o + pPc _a]Dh—l— —D[RDC = pPs _Q}DH+—D DDA
Y 57| B P C3 \/§ B P SB \/5 V5L
1 —r 1 -
b —TUlkVss_ 0+ V¢ _Q}Uh—l——U[mUc = U _Q}UH——U Uy A
1 = 1 — i _
n —L[mLs 4+ ke _Q}Lh+ —L[RLC = pFs _Q]LH+ L T ol LA

n [U(VCKMpDPR — 0V VexuPL) DH* +Dp  PRLH™* + h.c.} |
H.E.Haber, D.O’Neil [hep-ph/0602242]
If p° and " are not simultaneously diagonal the Higgs sector

mediates tree-level FCNC (-> strongly restricted from data)



Absence of tree-level FCNC —> 2HDM Types

To get rid of these FCNC naturally, implement a (softly broken)
Z, symmetry -> 2HDM Types depending on fermion Z, charges

V2

PR X Kp = TM P
Barger, Hewitt, Philips, PRD41 (1990)
Type Ur Dgr Lg p’ p” p~
I — + - kY cot f3 kT cot 3 k% cot 3
I1 + — — kY cot B —kP tan 3 —rktan S
I11 - — - kY cot f3 —kP tan B k% cot B
IV -+ | — kY cot B kP cot 3 —k% tan B

Type lll = Type Y = “Flipped” Type IV = Type X = “Lepton-spec.”
Promotes tan 3 to a physical parameter (basis with A\g = A7 = 0)

MSSM: Type-Il couplings at tree level, broken by A, corrections




From Hybrid basis to Higgs basis

Higgs basis condition for soft Z,-breaking:

(Zy — Z2) | Z1Z7 + ZaZs — Zsas Zer| + 226:(Z6 — Z7) =0

Preferred basis in which soft Z,-breaking is manifest:

‘Z@’ —|—€6€7‘Z7’
Lo — /1

tan20 = &

Remaining quartic couplings (in the Higgs basis) determine the
CP-odd and charged Higgs mases:

2 .2 2 2 2
HSB—o T MyC3_q — 45V

mi:m
2 2 2
Mg+ = TNy — 5(24 — Z5)U
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Alignment and Decoupling

Assuming that the lightest 2HDM state (h) is the 125 GeV Higgs,
SM-like couplings are obtained for cos(8 — a) ~ 0

Without approximation, the following relation holds:

. Z6U2
sin(f — «a) cos(f8 — ) = R E—
H h

Two ways in which the 2HDM can mimic the SM:
Alignment: Zg — 0 (independent of m)
Decoupling: my > v (independently of Z)

-> Measuring SM-like Higgs does not necessarily imply mg > v
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Scenario A

“Standard” scenario with lightest Higgs at 125 GeV
M, =125 GeV<M, <M, =M,,.

Zy=0s=—2  Zo=0

2HDM Benchmarks
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Theoretical constraints restricts coupling space

= As before, S-matrix unitarity and positivity of Higgs potential:
Z; ~0O(1)
Ex: M, =125 GeV < M,, < M, =M, (Z,=Z.<-2,Z,=0)

A_mH300_Z-2_Il_cba_tanb

[ M, =300 GeV

A_mH600_Z-2_ll_cba_tanb

L M, = 600 GeV

tan 8
tan 3

-0.5-0.4-0.3-0.2-0.1 0 0.1 0.2 0.3 0.4 0.5 -0.5-0.4-0.3-0.2-0.1 0 0.1 0.2 0.3 0.4 0.5
cos(f — o) cos(B — )

= Allowed parameter region tends towards SM (csg_, — 0) at high
tan 3, positive values of c;_, preferred for tan p > 1
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tan 3

Scenario A: Lightest 2HDM Higgs@125 GeV

= 2 fit of light Higgs signal rates with HiggsSignals

Mg = 500GeV < My = Mg+

A_mH500_Z-5_|_cba_tb_csqtot

10

y

05-0.4-0.3-02-01 0 0.1 0.2 0.3 0.4 0.5

cos(ff — &)

Bad <118
Ax? < 5.99

AN < 2.30

A_mH500 _Z-5_Il_cba_tb_csqtot

10F

tan

-0.5-0.4-0.3-0.2-0.1 0 0.1 0.2 0.3 0.4 0.5
cos(f — )

= Type-ll couplings much more restricted around alignment,
in particular for high tan 3. Exception: flipped-sign scenario (F)

Ferreira, Haber, Gunion, Santos, [1403.4736]
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tan 3

tan 8

Scenario A (Type-l): Light Higgs rates

A _mH500_Z-5 | cba tb RhZZ A_mH500_Z-5_| cba_tb_Rhgaga

1 0.7-1.3
[ ] 0.8-1.2

| [] 0.9-1.1

77777 [ e—

-0.5-0.4-0.3-02-0.1 0 0.1 0.2 0.3 04 0.5 05-0.4-0.3-02-0.1 0 0.1 0.2 0.3 0.4 0.5
cos(f — ) cos(B —a)
A _mH500_Z-5_|_cba_tb_Rhtautau A_mH500_Z-5_|_cba_tb_Rhbb_VH

tan 3

-0.5-0.4-0.3-02-0.1 0 0.1 0.2 0.3 0.4 0.5 -0.5-0.4-0.3-02-0.1 0 0.1 0.2 0.3 0.4 0.5 23
cos(ff — o) cos(f — )



Scenario A (Type-Il): Light Higgs rates

= Allowed region driven by total width (h -> bb)

A_mH500_Z-5 Il_cba_tb_RhZZ
TT[TTIT[TIrrI[TIrr[TTTT

« 10F
g L
05040302010 0102030405
cos(f — a)
A_mH500_Z-5 Il_cba_tb_Rhtautau
RN LN UL I I (L TG BN BN I I
L R
« 10F
g

-0.5-0.4-0.3-0.2-0.1 0 0.1 0.2 0.3 0.4 0.5
cos(f — o)

tan 3

tan 3

A _mH500 Z-5_|l_cba_tb_Rhgaga
I I |

0504030201 0 0102030405
cos(f — )

A_mH500_2Z-5_II_cba_tb_Rhbb_VH

-0.5-0.4-0.3-0.2-0.1 0 0.1 0.2 0.3 0.4 0.5

cos(B— )

I 0.7-1.3

0.8-1.2
] 09-1.1
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Total width

A_mH300_Z-2_1l_cba_tb_gtoth

[T i 0.7 - 1.3
- Tio/Tow 0.8-1.2
- 0.9-1.1

10

tan 3
| | IIIIII

|
-0.5-0.4-0.3-0.2-0.1 0 0.1 0.2 0.3 0.4 0.5
cos(f — &)

The experimentally favored region is driven by the total h width,

which in turns follow closely the coupling to b quarks
gg—cl\if = sin(8 — «) — tan S cos(f8 — «)
Ihdd
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tan

Type-Il: Heavy Higgs production

Since the H must have suppressed couplings to gauge bosons,
only g9 — H and bb — H (at high tan p)

A _mH600_Z-2 |l _cba_tb_HHxsec ratio

10

-0.3 -0.2 -0.1 0 0.1 02 03
cos(ff — &)
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Type-Il: H decays to fermions

A | 5_Il_cba_tb_BRHHbb

'BR(H — bb)}

10F

tan 3

Al mHSOO _Z-5_|l_cba_tb_BRHHtautau

MAABLIMAMAAARE - | |||_ > (0.01

-0.5-0.4-0.3-0.2-0.1 0 0.1 0.2 0.3 0.4 0.5 -0.5 04 03 02 01 0 01 02 03 04 0.5
cos(B—a)

0_7-5_Il_cba_tb_ BRHHt

tan 3

-0.5-0.4-0.3-0.2-0.1 0 0.1 0.2 0.3 0.4 0.5

cos([} a) 2HDM Benchmarks

cos( — )

mpyg = 500 GeV

Fermions dominate when h
becomes SM-like, cg—o — 0

Complementarity between up- and
down-type modes typical of Type-II
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Type-ll: H decays to bosons

-5_Il_cba_to BRHHWW

-5_Il_cba_tb_BRHHZZ

BR(H — W

tan 3

050403020100102030405 050403020100102030405
cos(f—a) cos(f — o)

500 _Z-5_Il_cba_tb BRHHhh

BR(H — hh Bosonic modes become important
away from cg_o = 0

tan 3

Difficult to have appreciable rate
in region allowed by 125 GeV
measurements (for Type-Il)

5-0.4-0.3-02-01 0 0.1 0.2 0.3 0.4 0.5
cos(ﬁ — a) 2HDM Benchmarks 28



H __
Rtf—

2015-02-24

Type-ll: The allowed parameter space

Applying theory constraints and rates of 125 GeV Higgs within
20% of SM

>0.01
> (0.05
>0.10

tan 3

A _mH600 Z-2 |l cba_tb RHHit

10

-0.5-0.4-0.3-0.2-0.1 0 0.1 0.2 0.3 0.4 0.5

o(gg — H) x BR(H — tt) cos(f — )

l0(g9 — H) x BR(H — tt)]qy

2HDM Benchmarks
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BR(H — XX)

Scenario A: Type-ll Benchmark

1D Benchmark can be defined by choosing fixed values for o
and tan 3 inside allowed region, Ex: cos(f3—a) =0.01, tan § = 1.5

A _cba0_01_tb 1 5 Il mHH BRH

1 ;‘ I_;_" | I '-'-'*I-'-'-'-'+'-'-'-5I-'-""'i""""':'
RN e
10_15_—— — E
_W+W— :
102

\vIIIIIII

150 200 250 300 350 400 450 500 550 600
mpy (GeV)

tot
1_‘H

A _cba0_01_tb_1_5 Il_mHH_gtot

2HDM /
——

’/

150 200 250 300 350 400 450 500 550 600
my (GeV)

Maximizes production and decay to tt
Total H width remains relatively small, 'y /T's; < 0.1
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Scenario A: Type-l Benchmark

For Type-l, larger deviations from SM in the coupling to vector
bosons is allowed. Ex: cos(fp—a) = 0.05, tan § =3

A _cba0_05_tb3_| mHH BRH A_cba0_05_tb3 | _mHH_gtot

||||||||4§ SERRARARAN RAREN RARAS RARLE RAARE LS UL LR
o 0 1 1%k
: : SM
hh 10
WS 3 :
1 = 1
L7 ]
| .99 ]
AT A ST ]
150 200 250 300 350 400 450 500 550 600 150 200 250 300 350 400 450 500 550 600
my (GeV) my (GeV)

Sizeable branching ratios to bosonic final states, total width small
Without perturbativity constraint H -> hh, grows without control
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Total rates for LHC-13

A _cba0_01_tb 1 5 Il mHH rates13 SusHi (MSTW2008, 13 TeV)
QITI_I_I_ITI_I_ T I'I' LB (LN N LN L LN LN N LN LN BB

10 ~_ Type-ll: ¢;_, = 0.01, tan = 1.5 =

C \ - - - Z

: bb — ', ~ o - :

] -~ -
— 1 é_\ TT ,\ tt '._?
2. - ~~ \ .
& - -
[ wh \

X E 1 \ —
<107 _
C I 7

. 24 I \\‘ i

-2 ! \ \

10 I N E

| hh 4

|||||| h ' N EEEEE R L1 11 L1 11 1 | 1 5

150 200 250 300 350 400 450 500 550 600
mpy (GeV)
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Total rates for LHC-13

A _cba0 05 th3 | mHH ratesi3 SusHi (MSTW2008, 13 TeV)
_IIIIIIIIIIlllllllllllllIIIIIIIIIIIIIIIIIllll_

Type-l: ¢;_,, = 0.05, tan § = 3 7

o x BR (pb)
o

L1 IIIIII’

—
<
(\V)

IJ IIIIIIIIIIIIIIIIIIIIIIII

150 200 250 300 350 400 450 500 550 600
mpy (GeV)
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Scenario B

“Inverted” scenario with heavy CP-even Higgs at 125 GeV
M, <M,=125 GeV < M, = M,,,. Useful for light h searches.

2015-02-24 2HDM Benchmarks
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Scenario B

* “Inverted” scenario with lightest Higgs below 125 GeV,
second CP-even Higgs, H, as the SM-like Higgs at 125
M, <M, =125 GeV <M, =M,, (M, above 350 GeV for Type-Il)

Type-l:tan 3 =1.5 Type-ll: tan § =10

1 B _Z-5 tb10_Il_mh_cba

1 B_Z-5 tb1_5 |_mh_cba

I
0.5] ||' 05
|| 8
I |
O « O
I z
Q
0.50 HHH”W o I““m
’ i
) 30 40 50 60 70 80 90 100110120 30 40 50 60 70 80 90 100110 120

my, (GeV) my, (GeV)
= Constraints from LEP/Tevatron/LHC (gray). Below 90 GeV only

allowed solution is alignment of heavy Higgs: |cg_q| — 1
In Type-Il also LHC constraints at higher tan p for m,, > 90 GeV.
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o(pp — h) (pb)

Scenario B (Type-l): Decays

Fix the remaining free parameter c;_, to ensure H SM-like,
get predictions for varying M,

Type-I: tan § = 1.5, ¢, = 0.99, M}, = 125.5 GeV

B_cba0 99 tb1_5 xs_|_mh_xsection B_cba099 Z-5 tb1_5 | mh_BRh

SusHi (MSTW2008, 8 TeV)

gg->h (SM) _
] E
\ n E
\\\ . -
gg->h = 3

1 0%k T

20 30 40 50 60 70 80 90 100 110 120 30 40 50 60 70 80 90 100 110 120
my, (GeV) my, (GeV)

gg->h cross section can be factor ~2 lower than SM. A->hZ?
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Scenario C

Overlapping CP-even and CP-odd Higgses @ 125 GeV
M, =M, =125 GeV<M, =M,

2 2 2 2
My — 1N My — M
H h 2 _ H h 2

Zy = —Zs

2015-02-24 2HDM Benchmarks
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Degenerate states

Scenario C

d

14

but Scenario C can “emulate

CP-conserving,
in some channels

IS

Our framework i

ignal

CP-admixture for the s

ing?

interesting

O(%) —

ive) — A contribution exists,

inclus

h/A ->yy (

h/A -> WW/ZZ (inclusive) — no tree-level A coupling

h/A -> bb (VH) — no tree-

h/A -> 7t (

inclusive/ttH - yes)

ilar h/A contributions poss

level A coupling (

ible

Im

ive) —s

C_mAfix_|_cba_tb_Rh

inclus

C_mAfix_|_cba_tb RhZZ

TTe T gids iagatiseage tserteatisagiaey

133
i
13

[22250832520000¢

gaga

Yevhrheratatoeretts

cos(B — )

cos(B— )

38
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Scenario C: h/A production

4OECI)_chaIOTOISTITt?nIb_Iglng1lI“”II”III“III”III”IIII”:
351 SusHi (8 TeV) 3

- Cs—o = 0.05 7

] =

S 305' -
= 25F" E
< e -
20— =
X R h .
= 19F —
© - 1 -
10:_ \\ A E
£ . E
OE....I....I....I...'.-.'.-I.-...-TI".."..'I.-..'TI-r.-r.-l-.-r.-rE

i1 2 3 4 5 6 7 8 9 10

tan 3

Total cross section dominated by SM-like h for high tan f3
(Yukawa decoupling in Type-I)
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RTT

Inclusive Tt sighal composition

o(pp — h/A) x BR(h/A — 77)

Rh/A —
TT o(pp — Hgsyn) X BR(Hsy — 77)

3 C_cba0_05_|_tanb_Rh CB—a — 0.05 1 C_cba0 05 | tanb_frac CB —a — 0.05

N
(@)]
‘_II_-I I_l.l.l-i—r'l'ﬂ_l_

- 8
2 - X
] 3
- o
1.5 -4 %
Y - g
-\ 3 =
1-_\“ — §
C ] 53
C \ h ]
n . ]
0.5__ \\ ]
- ~-_ A .
O_llllllllll||||I|||T|-|I|T|T|-|.|TIT|T|+|H'|ﬂ=|=|;
1

2 3 4 5 6 7 8 9 10
tan

The currently allowed value for the Tt rate (within errors) could
easily accommodate for a large CP-odd contribution
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2015-02-24

Scenario C (Type-Il): Tt composition

C_cba0_05_Il_tanb_Rh C_cba0_05_lI_tanb_frac

1

\ 7]
_‘ \1:\\ ,:)7//:,7’ P E .
ut \tl';:\ 5/ g ¢ ’ 1 QE)
! \ ’ 1 =
1 \\ _ y4 - 6
= N\ P - -
L \ \\\\\\\ o ” 4 — Gy
- ‘ \:\\\\*;\¥7 //)f; - ’ — O
L - - Y4 - =
-\ ’ 4 .8
= 7’ - 8
—), s — <
B \ ——— — &’ . ;LT:
RN TS —— h .
™ \ - - \ \ i
= S =" S—
I-l Ll 1 I Ll L 1 I Ll L 1 I L L 1 I Ll 1 1 I L L L 1 I L L L 1 I Ll L 1 I Ll 1 I-I
1 2 3 4 5 6 7 8 9 10

tan 8

Larger variation in h rate from BR(h -> tt) (non-zero cﬁ_a)
Relative contribution of CP-odd Higgs always above 35%
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Charged Higgs

Interesting component of all models with multiple Higgs doublets,
mass related to neutral scalars through SU(2) (custodial) symmetry

Fewer signatures to consider (if neutral Higgs channels closed)
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2HDM interpretation of Charged Higgs searches

F. Mahmoudi, OS

MHp_|_mHp300_tanb

100

MHp_Ill_mHp300_tanb

150

200
My (GeV)

MHp_Il_mHp300_tanb

100 150 200
My: (GeV)

MHp_IV_mHp300_tanb

100 150 200
My (GeV)




Low-energy constraints: Mahmoudi, 0s, [to appear]
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Model predictions for the LHC

Two bundles of codes provide complete 2HDM predictions of
cross sections + branching ratios, including available higher-
order (mostly QCD) corrections

SusHi + 2HDMC HIGLU+HDECAY

Harlander, Mantler, Liebler, [1212.3249] Spira et al, [hep-ph/9510347], [hep-ph/9704448]
Eriksson, Rathsman, OS, [0902.0851]

LHC Higgs Cross Section Working Group

Interim recommendations for the evaluation of Higgs production
cross sections and branching ratios at the LHC in the

Two-Higgs-Doublet Model

R. Harlander!, M. Miihlleitner?, J. Rathsman?®, M. Spira*, O. Stal®
[LHCHXSWG-2013-001], [1312.5571]
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Numerical comparisons

2HDMC HDECAY
BR r (GGV) BR r (GeV) FQH/FHD

h — bb 0.6812 3.790 x 1073 0.6827 3.820 x 1073 0.992
rtr 6.587 x 1072 3.664 x 107* | 6.548 x 1072  3.664 x 10~* 1.000
phtp~ 2332 x 107%  1.297 x 1076 | 2.318 x 107*%  1.297 x 107° 1.000

S§ 2484 x 107*  1.382x 1076 | 2.503 x 10™*  1.400 x 1076 0.987

cé 3.059 x 1072 1.701 x 10™* | 2.976 x 1072  1.665 x 10~* 1.022

qg 8110 x 1072 4.511 x 10~* | 8.166 x 1072  4.569 x 10~* 0.987

vy 1.130 x 1073 6.284 x 107% | 1.117 x 103  6.250 x 10~° 1.006

Zy 8.728 x 107*  4.855 x 1076 | 8.677 x 107*  4.855 x 107° 1.000
WHw-— 0.1233 6.859 x 10~* 0.1226 6.860 x 10~* 1.000

77 1.540 x 1072 8.569 x 107° | 1.531 x 1072  8.566 x 107° 1.000
Total width 5.563 x 1073 5.595 x 1073 | 0.994
H— bb 8.492 x 107°  1.536 x 10~* [ 8.526 x 10™°  1.542 x 10~* 0.996
rtr— 9.667 x 1076 1.748 x 10™® | 9.667 x 1076  1.748 x 107° 1.000
whp= 3.419 x 107%  6.182x 107® | 3.419 x 1078  6.183 x 1078 1.000

S§ 3.070 x 1078  5.552 x 107® | 3.115 x 10~  5.636 x 1078 0.985

cc 3.787 x 1076 6.848 x 1076 | 3.706 x 1076  6.706 x 1076 1.021

tt 5.976 x 1076 1.081 x 107 | 5.986 x 1076  1.082 x 107?° 0.998

g9 8.382 x 10™® 1.516 x 10™* | 8.669 x 10™®  1.568 x 10~* 0.967

Yy 1.642 x 107°  2.969 x 107> | 1.653 x 107>  2.989 x 107 0.993

Zy 5.300 x 1075 9.584 x 107° | 5.300 x 107°  9.584 x 10~° 1.000
WHw- 0.5872 1.062 0.5872 1.062 1.000

A 0.2606 0.4713 0.2606 0.4712 1.000

hh 0.1493 0.2699 0.1493 0.2700 1.000
WEHT | 2.658 x 1072 4.806 x 1072 | 2.663 x 1072  4.815 x 1073 0.998
Total width 1.808 1.808 1.000
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