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SM HIGGS SEARCH @)
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SM Higgs self-interaction:
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EXTRA NEUTRAL HIGGS SEARCH @
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= TWO HIGGS DOUBLET MODEL

'

~/ ¢ CP conserving 2HDM:
V= m2®!®, + m2did, — [m§2q>§c1>2 i h.c.}
by e

+ SH(@101)” + 2 (D)D2)? + Xg(0]01)(@]2) + Aa(B]0)(@]1)
A
L [§<¢1¢2>2 + A6(B]01)(D]Dy) — Ar(D] Do) (D] Dy) + h-c-] ,

* In the basis, all the parameters are real. The VEVs are:
T ——
e V2 \1 ‘ V2 \v2

U2
v = /v12+v§=246cev taﬂ5=v—1

= There are 8 real degrees of freedom:

3 eaten Goldstones and 5 physical scalars -- 2 charged Higgs, 1 CP’-othral I—@gs/and 2 CP-eve

=

n neutral H
\

o/
Ws.



— TWO HIGGS DOUBLET MODEL

e

« To see how “alignment without decoupling” arises by CP even Higgs couplings:

1 . ,
Inivv =597V 1 =1,2

» It is possible to rotate to Higgs basis
Ve Ay o [Y;,e—inﬁjm + h.c.]

Y Z
B (HHL)2 - Zs(HIH)(HIHs) + Za(H Ho) (HIHy)

2 2

Z . . .
+ [7‘”@2@”(}1} B S (FL L (HU ) - Zoe U HL Hy) (FE e

Hil_ vlq)l + vZCDZ Hél_ v1CI)2 — vZCI)l 0 (%
H = = — = H = = =
. <Hf) v & H) v ) V2
>\
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o/ TWO HIGGS DOUBLET MODEL

'

~ « Mass matrix:

A Re (Z66_i77) —Im (266—2'77)
ME=v" | Re(Zse ™) 3 [Zas+Re(Zse ™)+ 5 —2Im (Zze~ %)
I (Zee™) =3 (Zee )} [Zes— Re(Zee )] + %
0
h3 . C12€13 =« .
hg R ¢(2) R=|¢C3512 . ..
hl ao S13 ans

* Higgs —V-V couplings:

1 _
9n,vv =§g U*Ril =12

= “Alignment without decoupling” occurs when Higgs basts :\M,aés eigen basis



4 CP VIOLATION THDM

w)
_, * Counting the number of d.o.f. in CPX 2HDM
V =ViH{H; + ,H}H, + |Yae " HH, + h.c]
i Z
r 71(}11}11)2 + 72(H§H2)2 + Zs(H{ Hy)(H} Hy) + Z4(H] H,)(H} H,)
el | |
it 75@—2“7(HI Hy)? + Zge ™(HIH,) (HIH,) + Zze ™(HIHo)(HIHy) + h.c.
* Minimization condition in the Higgs basis:
1 1
Yl — —§Z1v2 Y3 — _EZ6'U2
* Zz Symmetry: Haber+collaborators: 2001.01430
(Z1— 22)[ZauZy — 2425 = ZoZ5 + ZiZe7)| = 224,(1Z6l* = |24]7) = O ~/

* Free parameters: /

{Yz»ZpZz»Zs»ZzL} = {YZrZ1»Z3rZ4}

o " /O real free parameters!
{Zs, 7,77} = {Zs, Zg, Re[Z;]} —/ Kl e u_\ /



— 4 FREE PARAMETERS IN CTHDM

'

—/ ¢ Diagonalize the mass matrix

il Ci12 —S12 0 C13 0 —S13 1 O 0
R = Ri2R13R23 =| s12 c12 0O 0 1 O 0 Ca3 —S23
0 O 1 513 0 C13 O 523 523

e Redefine the mass matrix

Zl RG[ZG] —Im[Zg]
M2 =Ry M*Ry; =v° | Re[Zs] Re[Zs] + A2/v? —iIm[Zs]
—Im[Zg] —2Im[Zs) A? [v?
* Alignment Limit: 7 — iz [m?, + & (ki
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5. 17 2 7 Z
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R=Rp2Ry3 = (812013 €12 —812513> V:ZL 12v & ths ( o 1; h2‘12 h2)
0 ~ s
513 C13 :> Im[Zs] = \752\/12 e > (mﬁ2 = mﬁs) ! Q)
—€cia  —S12 —012(1—62/2) N i E .
Rt RelZs] = 55524, (M, —mp,)

s "™ 2 2 27
Im[Ze] = 7o (mh2 E mhgciz > mhlslz) , \/
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* Free parameters:

S | ~
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— CP CONSERVATIVE LIMIT

—
* Higgs mixing:
hs e —ecip —s12 —c12(1 — €°/2) 3
by || = T R R —€s12 12 —s12(1 — €2/2) Co3 Py — s3]
hy o 1—€¢*/2 0 —¢€ S23 $3 + C23 @°
* Relationships between Z;and mixing angles:
RelZs) = 7 Cau (mf, = mi,)+ &(mf ¢y + m S, —m7,)
- 1 I
Im[Zs] = a2 175 (mf, - m§,)
Re[ZG] = 2\/;:’82\/12 (I’nﬁ3 - mﬁz)
Im[Z¢] = VLZ-‘(mﬁz - mﬁg cip - mﬁlsiz) ,
=
* Case l: V{B =0, V£3 =0, V{Z = {O, /2}1 Im[Z7] =0 CPC1: |m[25]: Im[26]: |m[27]: 0

e Case 2: \43 = 72 | \42 = {O, i 2} | Im[Z7] -0 ‘ CPC2: Im[Zs] = Re[Zg] = ReZ/]
— ~— ~
N/ e\ /
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__“ CP CONSERVATIVE AND ALIGNMENT LIMIT CTHDM

w)
= We are interested in the interplay between the Higgs alignment and CPX In
C2HDM. There are two important experimental observations:
= These motivates considering the small departures from
« The exact alignment limit. (Mixing among 3 Higgs)
=
» The exact CP-conserving limit. (Im[Z,]~0, Re[Z,]~0, 8,5 # O,%) /
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CHARGED HIGGS SEARCH ®)
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— OBLIQUE PARAMETERS

> —
* The analysis of precision electroweak data get: T
0.3;
S = 0.01 £ 0.10, 15
T:O()B:l:()ll, 0.2::..'....
U = 0.06 £ 0.10, .
0,140 %
* In the alignment Limit: / e
m2_ +m2. —2m?, 02/~ D.
S ~ 2 3 H BE T
24N> 0.1 ”_.
(mfys = mf ) (mys — i) Sk
lo= T (b) ~
48msy,my,my,.
H.Haber, D.O’Neil Phys.Rev. D83 (2011) 055017 /
% 2
" We choose m+~mj, 9 N /i

N/ _\,J\ /



— 4 ELECTRON EDM CONSTRAINT

'
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Fermion contributions:

Z/ dz{lm 2| Re[x7] (—

« Higgs boson-loop contributions:
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ELECTRON EDM CONSTRAINT
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&/ COLLIDER PHENOMENOLOGY
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o(gg! hy)' 1.7pb, o(gg! hg)' 0.36 pb

* Branching ratios for benchmark points: gh1h2h3 = ey Re[z7e‘ 2i \/12]
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- OTHER CONSTRAINTS @)
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— SUMMARY

* THERE IS AN INTERESTING INTERPLAY BETWEEN ALIGNMENT LIMIT AND CP CONSERVING LIMIT
IN C2HDM. IN ONE CASE, THE ALIGNMENT LIMIT IS IDENTICAL WITH THE CP-LIMIT, WHILE IN
THE OTHER CASE THEY ARE INDEPENDENT.

* THERE IS A SMOKING-GUN SIGNAL FOR CP VIOLATION AT THE LHC IN C2HDM, WITHOUT
RECOURSE TO ANGULAR DISTRIBUTIONS, BY SEARCHING FOR

h3! hohy ! hihih;
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