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Motivation

2HDMS Model

Constraints on parameter space
Summary

2HDM: B. Dumont, J. Gunion, S. Kraml, Y. Jiang, arXiv:1405.3584
(see talk by J.F. Gunion)

2HDMS: A.D., B. Grzadkowski, J. Gunion, Y. Jiang, in preparation
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left handed righthanded positive charge negative charge

CP violation!




2HDMS - Yukawa Interactions

e Type I (only Hy couples to fermions)
e Type II (Hy couples to up-type fermions, H; other)

SYMMETRY Z2 H; — —Hj, other scalar fields Zs-even
S — —S, other fields Zj-even

A 2 A 2
% =m§1H{H1 + mZ,HiH, — [m§2H{H2 + h.c.] +5 (HIHl) + 3 (Hgﬂg)

+ X (H]H) (HEH) + g (R{H) (H) + {A5 (HTH2) + h.c.}

m“sz + 734 +m8? (HIHy ) + kp8? (HIHS )

EWSB: Z), unbroken — NO VEV FOR S

n
P1,2 , , )
1,2 ( (Vviz2+pi2+ 17]1’2)/\/5 ) gl =va/vi, vi+vs=( V)
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Parameters: mass eigenstates and couplings

5 mass eigenstates: h, H, A, H* S

e 10 parameters in the potential, various basis possible

General Basis: Physical Basis:
° A17)\27)‘37>\47)‘5 @ mhva;mAamHi7Sina
2 2
@ myjy, tgﬁ @ Iy, tgﬁ
@ g, K1, K2 @ mg, Ap, AH

e 2 types of Yukawa interaction
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Strategy

1. Take good 2HDM points

2. Search for g

2HDM points
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Scalar Singlet analysis
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2HDM analysis: Dumont, Gunion, Jiang, Kraml
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2HDM: Dumont Gumon Jiang, Kraml

@ theoretical constraints
(perturbativity, vacuum stability, perturbative unitarity)
o experimental constraints
o B/LEP limits H*
o STU
e heavy
e LHC fit (1‘(
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Higgs @ LHC - Higgs signal strengths fit

V5=7TeV, L5167 \5=8ToV, L< 19615
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Strategy

Take good 2HDM points.

R Y.+ 45N
Scalar Singlet parameter search:
mg € [1 GeV, 1 TeV]
Ah, Am € [-47, 4]

FRCEANER . o WUy TS b 129 SV W YD

theoretical constraints
(perturbativity, vacuum stability, perturbative unitarity, EWSB)
BR(h — SS)MMIT — 10%
o WMAP /Planck

direct DM detection
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Calculation of DM relic abundance Q:

MicrOmegas by G. Belanger, F. Boudjema, A. Pukhov, A. Semenov,
arXiv:0803.2360

QWMAP/Planck — () 1187 + 0.0017
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space scan

S+U+E+BR "
5 10 50 100 500 1000 5 10 50
ms [GeV] ms [GeV]

S+U+E+BR
100 500 1000

BR(h — SS) =777
e Qpn requires suffiently strong SM - DM coupling

@ search A\, Ay give appropriate z /mk<4 \F/‘~H— 7<*—
BR(h — SS) i Qpm - I I

e H responsible for DM S\\j}_k_ N H
production! 20 5/’% o
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An(mg), Ag(ms)
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DM Direct Detection
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DM Direct Detection
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spin-conserving

TYPE |
BR(h-85)=<0.1

5 10 50 100 500 1000




Direct Detection - IVDM

oovon = YA (1,7 + f,(A — 2))>  BR(h — S8) < 0.1 = Ay < 0.015

- Z[( &+ (m—h)2£%

H P

Tabela: Yukawa couplings of up and 2HDMfit (typell) m;=125.5:2.5 GeV

down type quarks to light and heavy 8 oest ﬂHC{ ' '

Higgs bosons h, H in Type I/II models. Lo i

The Yukawa Lagrangian is normalised as Wﬁ-

follows: L£Yukawa — 2aglggh + 22¢kgqH o 05 -L_; .

Type I Type 11 S 1

& | cosar/sin 8 cosa/ sin o5} |
& [ cosa/sinB | —sina/cos B
&y | sina/sing sin o/ sin 3 T 08 06 04 02 o0 02 o4
€L | sina/sinfB | cosa/cosp s
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Direct Detection - IVDM

oovon = BA (5,7 4 fu(A — ) oEXP ) > opHEO QEXP(f £ )

EXP _ 73 f2 (Ar—Zy)? £y Z1(A1—Z1)
@ (fnyfp)_ZI,u’I <1A112+fg IA%I +2g L AI% I

Tabela: Yukawa couplings of up and 2HDMfit (typell) m;=125.642.5 GeV

down type quarks to light and heavy O M post ﬂHC% ' ‘ '

Higgs bosons h, H in Type I/II models. ik i

The Yukawa Lagrangian is normalised as W\&

follows: LY = Zagigqh 4+ Z¢1gqH . ot C 1

Type I Type 11 ok 1

& | cosa/sin 8 cos/sin 3 o5l i
&1 [ cosa/sinB | —sina/cos B g
& | sina/sing sin o/ sin 8 T 08 06 04 02 0 o0z o4
€3 | sina/sin cosa/ cos 3 o
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Direct Detection - full scan results - IVDM
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New Higgs physics?

H—SS decay - invisible H!
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Conclusions:

2HDM is allowed by current collider limits

(see talk by J.F. Gunion)

Scalar Singlet 2HDM extension provides a DM candidate and an
opportunity for extra CP-violation

2HDMS is allowed by current collider and €2 limits

LUX requires mg > 50 GeV or mg < 7GeV (mg < 9GeV for
XENON)

CDMS Si reqiures |Ap| < 0.05, |[Ag| > 0.1, and implies large
BR(H — SS)).

A fit of 2HDMS to LUX, superCDMS and CDMS Si is only
possible within 99% CL for CDMS, for TYPE II model,
mg ~ 5 — 6.5 GeV. For those points BR(H — SS) > 93%

Aleksandra Drozd Two-Higgs Doublet Model with Scalar Singlet Dark 1



Thank you for your attention!

EUROPEAN UNION
EUROPEAN REGIONAL
DEVELOPMENT FUND

QP&ULTY OF PHyg, s

==

I{'ARSAW UN]VY—RS«{ Foundation for Polish Science



Extra Slides

International PhD Projects Programme (MPD) -
Grants for Innovations

?\CU“TY OF PHYSI@

< N § y FNP EUROPEAN UNION
= I ‘ l l = i INNOVATIVE ECONOMY EUROPEAN REGIONAL
= = Ml Sonowovne DEVELOPMENT FUND

WARSAW UN]VB\S“‘{ Foundation for Polish Science



Theoretical constraints - Vacuum stability

2HDM Tree Level Vacuum Stability Constraints

) )\1,)\2 >0

o A3 > —vV i

@ A3+ M\ — ‘)\5| > —vV A1
) )\3 > —v/ A1\

Scalar Singlet Tree Level Vacuum Stability Constraints

@ \g >0
@ K1 > —\/%/\1)\3

@ K9 > —\/%)\2/\3
e if k1 < 0 or kg < 0 then
o —2k1kz + LAshs > —\/4%@\5 — K2)(SA2s — #3)
o —2m1s + EAs(hs + A — sl) > =/ A(EAAs — 1) (Fdods — 13)




Decoupling limit of 2HDM

m? — o(v?)
m2A,H,Hi — o(jm7y))
cos(f — a) — o(v?/m?,)

2
m
ke - N %1.32(2/\5 + )\bf;I + /\7:'.5) )

2
§3Ca . 53 —383C3
o M? =mi, ( ’ ) + B*,

2 2 12 TP
M+ = Mo + 70°(As = Ag). Satp  Cg

2
my =

B2 5 )\1(’_?; + 2Xg85c5 + Ass% (As + Ag)saes + /\6(-’% + )\73_?;
=v
(A3 + M)saca + Xech + Mesh Aash 4+ 2Apspes + A ch

SM-like light Higgs (o = 8 — 7/2)
(Yukawa couplings are like in the SM and VVh as well)
with other scalars heavy



Model Type|point # |tan §| sina mia mp my ma | my+
Type I 1 1.586| —0.587 5621 123.711534.25|645.13[549.25
Type 11 1 0.969| —0.721 | 1.251 x 10° |127.96|678.98 |600.36 | 563.18
Type 1 169 |1.346| —0.663 —2236 126.49(168.01|560.92 | 556.94
Type 11 22 |2.092|—0.4096 | —1.264 x 10" |125.89(137.86|451.33 [ 398.76

TABLE II: 2HDM parameters for the plots of Figs‘and Masses in GeV; mi, in GeV?.



2HDM project (Dumont, Gunion, Jiang, Kraml)

Yukawa type I/11

my, € [123 GeV, 128 GeV]

my € [128 GeV, 2 TeV], mp € [5 GeV, 2 TeV]

my+ € [*, 2 TeV]

sina € [-7/2,7/2), tg 8 € [5,60], m3, € [-(2TeV)?,(2TeV)?]




2HDM preliminiary results Dumont, Gunion, Jiang, Kraml

2HDMfit (typel) m;=125.542.5 GeV
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Theoretical constraints

2HDMS (typel) m;=125.5+2.5 GeV 2HDMS (typell) m;=125.5£2.5 GeV
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2HDM constraints by Dumont, Gunion, Jiang, Kraml

Experimental Constraints:
e precision electroweak data: S, T,U constraints
@ bounds in the (my+,tg ) plane from various B-physics constraints
for the type I/II (0805.2141, 1006.0470, 0912.0267)

B-Xy Ry LEP B ot B Dy K —pv

soof L

tan p

100 200 300 400 500 600
M, (GeV)

LEFT: solid line: bounds from Z — bb, ek, Ap,; dashed: bounds from B — vXg
RIGHT: bounds from various B-physics constraints for the typell model



2HDM constraints by Dumont, Gunion, Jiang, Kraml

Search limits on the heavier Higgs bosons
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TYPE II, BR(h—S$)<0.1

TYPE |, BR(h—88)=<0.1
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DM Direct Detection
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FIG. 2: Light dark matter experimental results in the (mx,a,) plane for (a) the isospin-invariant case f,/f, = 1 and (b) the
xenophobic case f,./f, = —0.70 [6]. Plotted are 90% CL ROIs for CoGeNT [8], CRESST [10], CDMS-Si [11], an ROI for an
independent analysis of CDMS-Ge data [18], the 90% and 3o ROIs for DAMA [7] as determined in Refs. [19, 20]. Exclusion
contours from CDMS [13], Edelweiss [14], and XENON100 [16, 17] are also shown, as are projected bounds from LUX [21].



