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Introduction to Two-Higgs-Doublet-Models ﬂ @

e An extension of the SM: adding one doublet of complex fields: 8
degrees of freedom.

e 3 are eaten by the W and Z bosons to acquire a mass.
e 5 remaining are new (pseudo-)scalar particles: h, H, A and H*
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Introduction to Two-Higgs-Doublet-Models

e An extension of the SM: adding one doublet of complex fields: 8
degrees of freedom.

e 3 are eaten by the W and Z bosons to acquire a mass.
e 5 remaining are new (pseudo-)scalar particles: h, H, A and H*

e Both Higgs doublets acquire a vev: v{ and v.

e satisfy : v1 + v = v? ~ (246 GeV)?
o tanf =2

e the mixing angle of the two neutral even states : o
o I =sin(B-a) % =cos(p—a)
Ihvv hvv
e Coupling to fermions in type-lII:

o One doublet couple to up-type quarks
e The other couple to down-type quarks and charged leptons
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The parameters of the 2HDM

® 5 physical scalar fields

500

e 3neutral: h, H, A
A H* H.H* HH*

e charged: H*

® 3 extra parameters

e tanf
e cos(p—a)

o mi,
125

® Custodial symmetry
A

m [GeV/c ]

® Several mass hierarchies
im2HDM[0904.0705]
0

MSSM-like im2HDM im2HDM
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Q125

couplings to SM particles measured:

® Limit on the couplings of lightest scalar

of the 2HDM

e Limit on tan and cos(p — a)

2HDM type-ll tani=15

BR(h—XX)
o o o
5 5 =

°
o

0.0,

= 0.0 o5
cos(3-a)

~1.0

Alignment limit favored:

e cos(f—a)=0
° h2HDM — hSM
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CMS/!
New (pseudo-)scalar decays: tanf3 = 1.5 % @

® im2HDM type 1l loZHDMtype-IJ tand=15 my =400 m, =200 my. =400.0 m2 =96000.0

— ZA
o mé, = mi [tanB/(1 +tanp?)] g g S
® cos(B—a)=0 2. / N\ ah _ 7

_ - . //( \ /
o H—+ZA,H—tt, A— bb W \/ N
® A—Zh,H— VV, hh e bb
0.8 — 1T
® Nice complementarity L08 -
H — ZA, hh, tt, VWV B o4
® A— Zh,bb - 5
.0 -0.5 ms?;ia) 0.5 1.0

Focus on A— Zhand H — ZA — llbb/ litt
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[cMs
A — Zhin CMS j@

Search for A— Zh

® arXiv:1410.2751 CMS-HIG-13-025 h— WW* ZZ* 11,
h—yy

e arXiv:1504.04710 CMS-HIG-14-011 h— bb
e arXiv:1510.01181 CMS-HIG-14-034 h— 1T
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A — Zh : Cross section limits

A — Z(ll)h(bb)
® Kinematic fit using resolution on my = 125.
® BDT trained in 3 mass regions
® NWA and width dependance
A — Zh —£¢bb L=197fb" (8TeV)
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A — Zh : Cross section limits
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A — Zh Results and interpretation

BRattanf=1.5

A— Z(ll)h(bb)
[ ) e-ll tanf=15 my ~ =200 mype = m =
type Il  2Honboed s 4000y <200 my 4000 m ~900000 o
® m, = maftanB/(1+tanp?)] os T
— wWw
_ _ e b
® my = my =300 GeV / /\7"
L % \ /
® A — lltt similar results ) N
bb
A—Zh—0¢bb 19.7 ' (8TeV) 08 it
@ preEed e B - -
s L CcMs %M zh
02
10F o5 = 0% To
cos(3-a)
2HOM typed tan— 15
95% CL limits * bb
—— Observed oo
[ w2 Excluded region 08
------ Expected zz
[ Expected * 16 - —_
Expected * 20 Zos
o <
Type-Il 2HDM m,= 300 Ge 5ot
107 o A L 7 0
-1 05 0 0.5 1 -
cos(f—a) o5 e a5 o
cos(3-a)



https://cms.web.cern.ch
https://cp3.irmp.ucl.ac.be

[cMs
Search for H -+ ZAor A — ZH j @

b/t~
,/L B/’l?jL
——-& H/A
.

e arXiv:1603.02991 (PLB 759 (2016) 369)
H— ZA— libb/lItt

e CMS-PAS-HIG-16-010 H— ZA — llbb
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H — ZA — lIbb Strategy

e Designed for easy recasting

e Select events with a Z
candidate and two b-jets

/L
’I
- A
. H
e Search for excess in the plane z I+
(Mpb, Mipp)
I

| Selectioncuts | Rejected Bkg |
2 OS SF leptons QCD & W+jets

76 < My < 106GeV | non-res. DY & tt
2 b-tagged jets DY + light jets
EP'ss-sig. < 10 tt

o

my, [Gev/e? |

Table : baseline selection

m,, [GeV/e? ]


https://cms.web.cern.ch
https://cp3.irmp.ucl.ac.be

H — ZA — llbb at 8 TeV: The analysis

Definition of [Mpp, Mjpp] bins:

® Resolution is about 15% of the

reconstructed mass.

Width is driven by the resolution

— Width = 3 S.D.

Bins are overlapping to cover the
whole phase space properly.
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Signal efficiency map obtained with
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® 300 Delphes samples

® Mirroring Ma — My.

Delphes samples used for the shape of the signal ef-
ficiencies between the FullSim samples
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H— ZA at 8 TeV: Limits arXiv:1603.02991

® Model independant results

® Limit on the signal strenght for
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Summary of 8 TeV analyses

CMS Preliminary  <5.1fb™(7 TeV) + < 19.7 o (8 TeV)
2HDM Type II, cos(B-a)=0.1, m =mg=m,+ 100 GeV

tanp

[ h(125) (HIG-15-002) J
H- WW/ZZ (arXiv:1504.00936)
[ AM/h- Tt (HIG-14-029) 1
[ A-ZH- It (arXiv:1603.02991) | {
1 A-ZH-libb (arXiv:1603.02991)
Non-perturbative region

e 2HDM predicts the existence
of 5 scalars
e Lots of interesting final states
are concerned
e A— Zh
o H—ZAorA— ZH
e Best results are at 8 TeV so
far

300 400 500
m, [GeV]

[CMS-PAS-HIG-16-007]

And 13 TeV data are currently collected....
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H— ZAat 13 TeV CMS-PAS-HIG-16-010

Analysis similar to 8 TeV

Evt/ 20 GeV.
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Conclusion

CMS Preliminary  <5.1fb™ (7 TeV) + < 19.7 fb (8 TeV)
2HDM Type Il, cos(B-a)=0.1, m o=mg=my+ 100 GeV

1

e 2HDM predicts the existence %
of 5 scalars
o Lots of interesting final states

[ h(125) (HIG-15-002) il
H—. WW/ZZ (arXiv:1504.00936)
[ AM/h- Tt (HIG-14-029) 1
[ ] A—ZH- It (arXiv:1603.02991) | |
[ A-ZH-lIbb (arXiv:1603.02991)

are concerned N region
e A— Zh
o H—>ZAorA— ZH
e Best results are at 8 TeV so E
far \
. . o5k ! |
e 13 TeV analysis ongoing 300 @ e

[CMS-PAS-HIG-16-007]

Thanks for your attention!
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Where to look for new scalars?

e the story changes for other masses, values of m?,, or type of 2.

e 5 parameters is a lot to have a clear view in only a few plots
Several interesting and complementary final states:

e SM-higgs-like searches: bb, 1, tt, ZZ, WW,...

e SM-higgs decays: Zh and hh

e Exotic decays: ZA
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H — ZA: width

8 »
~ 102L. cos(pa) = 0.01 //
EritanBelb A o
- v
7. yd
/. pd //
10 ,/ /.
/.
/
/
1 Ns15.GeV
M= :gn GaV
!\VIIA - JOO GU‘V’
M, =700 GeV
10-1 Eoid
200 400 600 800
My


https://cms.web.cern.ch
https://cp3.irmp.ucl.ac.be

mass-splitting : 1405.5537

Echoes of the Electroweak Phase Transition:
Discovering a second Higgs doublet through Ag — HyZ.

Physical Strong PT
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