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A very SM-like Higgs boson

as a probe of new physics

arXiv:1606.02266

T 1 T T T T T T T 1 T
> . .
: [ATLAS and CMS CIH=wr The current LHC measurements indicate that
__::>3 I LHC Run 1 DH —~ 77 ] . . .
: CHoww | the 125 GeV Higgs boson is very SM like and
- OH-w | so far show no sign of any other new particle.
21 H-bb |
- Conceptually, however, there is no reason why
i - 1 the Higgs sector should be minimal.
M Indeed a non-minimal Higgs sector is
ok 1 theoretically very attractive (needed by most
I I BSM theories) and, if confirmed, would shine a
: ' new light on the mechanism of electroweak
1 . : ;
| 684 CL + Best il + SMexpectec | symmetry breaking dynamics.
— o 1 2 . 3 AN\
MggF+ttH ,;::g*. jwtm
hechvic o \\1// 5/
Higgs mass: d?xw //\\\ <2
Vielation Uirtle
125.09 + 0.24 GeV e B
arXiv:1503.07589 th’/
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arXiv:1606.02266
http://arxiv.org/abs/1503.07589

This talk: alignment limit in 2HDMs

e |t is possible that the 125 GeV Higgs boson appears SM-like due to
the of an extended Higgs sector

e Alignment occurs automatically in the decoupling limit, but it is also
possible

® What are the of alignment without
decoupling ? (How) can we test it ?

theoretical framework:

CP-conserving two-Higgs doublet model (2HDM)
of Type | and Type li
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S. Kraml

Gunion, Haber, Kane, and Dawson,
The Higgs Hunter's Guide

Two Higgs Doublet Model  basis

2HDM: SM supplemented by a second Y=+1 complex scalar.
The most general gauge invariant renormalizable scalar potential is given by

1 1
V =m2, 310 + m2,05d, — [m2,3] Py + hoc] + §A1(<1>1c1>1)2 + §A2(¢;q>2)2 + A3 (DT D) (DLD,)

1
+ A (DT Do) (DL D) + {§A5(<1>{c1>2)2 + D6(@1@1) + A7 (1 02) | 0Dy + h.c.}

® Softly-broken discrete Z; symmetry to avoid tree-level Higgs-mediated FCNCs
®| =+®d| and O,—-Dy. Then As=A7=0.

1 0
® Take mi? and Asto be real :scalar potential is CP-conserving (2s) = NG ( V; )

To avoid tree-level Higgs-mediated FCNCs, we extend the Z; symmetry to Yukawa sector

—Lyuk = Vybr® " QL + Vibr®y* Qf + VITr® LY + V27RO LY, Type . Y =Y =YI =0
+ e [ VHRQL® + VETRQL ®Y] + hec., Type II: Y} =)2 =)%2=0.

: two CP-even (h, H) with mp < my (mass matrix: mixing angle a),

a CP-odd (A) and a pair of charged Higgs (H).
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Higgs basis

Linear transformation to go to the “Higgs basis” (®,) = ( 0

<II§:):<—§Z iZ)(i;) = (H))=v/v2, (H3)=0.

1 1
V =Y HIH, + Yo H Hy + Y3[H] Hy + h.c.] + 5Zl(H}le)2 + 5Zg(HgJLIQ)Q + Zs(H{ Hy)(HIH>)

1
+ Z,(HHy)(HIHy) + {525(H}LH2)2 + [Z6(H]Hy) + Z7(HYHo)| H] Ha + h.c.} .

We get for the two neutral CP-even states (with my < my per def.)

M2 o Z1U2 Z6’l)2 H = (\/§Re H? — ’U)Cg_a — \/§Re HQOSB_Q,
H Zgv* m% + Zsv* )’ h=(V2Re H® — v)ss_o + V2Re Hdcs_, .

mass eigenstates will be if with the
direction of the vacuum expectation value, i.e. if sin(B-0\)=1 or cos(B-t)=1.
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Higgs basis

Linear transformation to go to the “Higgs basis” (®,) =

(I;:):<_§Z iZ)(i;) = (H))=v/v2, (H3)=0.

Nl
VR
S o
~

1 1
V =Y HIH, + Yo H Hy + Y3[H] Hy + h.c.] + 5Zl(H}le)Q + 5Zg(HgHQ)Z + Zs(H{ Hy)(HIH>)

1
+ Z,(HHy)(HIHy) + {525(H}LH2)2 + [Z6(H]Hy) + Z7(HYHo)| H] Ha + h.c.} .

Y, = mu%’ + 3,85 — MiySag Z1 = M€+ XS+ 3Ma45555 ,

Y, = m1135 + m%QCé + M3yS93 Ly = )\18;49 + AaCh + 3 A345555

Y; = %(mgQ — m3,)893 — MisCop. Z; = 825 A1+ A2 —2Xag5] + Ni, (fori=3,40r5),
Zg = —5323 [)\105 — /\253 - )\345025] ,

Vi=—Z07/2, Y5 =—Zs0"/2 Z7 = —3828| M85 — A2 + Aaascag) -
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Z1v?
Mi,:( 1

Z6'U2

Gunion, Haber, hep-ph/0207010

The alignment limit

7 2 Zv? = mis%_a + m%,c%_a :

6 2 2 2

m%4 + Z v2) ’ Zgv” = (M}, — Miz)Sp—aCp—a
A 5 m} + Zsv° = mipsh_, + mMich_, .

A SM-like Higgs boson exists if (v'2Re HY — v) is an approximate mass eigenstate.

Occurs for and/or (negligible mixing of H° and H,°)
sin(B-x)=1 or cos(p-x)=I
SM-like h h~ (V2Re HY —v)sg_o, Z1v* <m? + Zsv?

BT e, -

SM-like H

2

— Zgv? { mu? > v2 L. decoupling limit
my)(myy — Z1v?)

H~ (V2Re H) —v)cg_o, Z1v° >m? + Zsv?

2 . . .. .
—Zgv ~0 Since mh < mH, there is no decoupling limit as in

e T i, -

S. Kraml

m2 ) (Z V2 — m2) _ the case of a SM-like h. However, alighment without
h ! h decoupling can be achieved in the limit of Zs— 0.
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Relation btw Zs, cos(B-X) and mnH

Different ways to achieve alignment

mp=125 GeV h Hsm

decoupling limit implies an

P L L L S P L I L R L P
e L ] upper bound on cos(B-X)
il indirect sub-% constraint
102 E . 2 5 on cos(B-&) if mH>850 GeV
= 5 W ok _
S . i‘.":":;’.‘g t) L :"': o
| : ;'_ N
o B
= 10° E .S &0
S 3 2
— ~4 B —Zgv*
-] Ch—a = 2 N[ 2 N
: V(my —mg)(my — Z1v?)
10% F = -5
! 6
10'5 3 1: ;;".,. i i N SN POV o T il 5 ST VOl N VRN ol N |G R AN Y Y LY

0O 200 400 600 800 10001200140016001800

NB: in all plots, we give 3d information on a 2d plot by means of a color code in the third dimension.
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Relation btw Zs, cos(B-X) and mnH

Different ways to achieve alignment

mu=125 GeV, H=Hsm

— T ] -1.5

. 2
-2.0 — 26U ~ ()

S_q =
T mZ —m2)(Ziv® —m2)

-3.0
_3'5§° Fine-tuned? Note that Z¢=77=0
_4.0?%, corresponds to an exact Z; symmetry
-45 o . 1 I

e in the Higgs basis.
-5.0

ZG,? — —%825 [)\10% — )\28% + )\345(325] — 0

20 40 60 80 100 120
m,;, (GeV]

e sop = 0 — only 1 Higgs field acquires a VEV, Z5 unbroken
e \i = Ay = A345 — softly broken CP3 symmetry Ferreira, Haber, Silva, 0902.1537

¢ A\ = Xy = A3y5 and m?3, = 0 — exact CP3 symmetry Dey,Pilaftsis 1408.3405
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S. Kraml

Relation btw Z¢, mH and ma

1200

1000

800

GeV]

= 600

m

400

200

mnr=125 GeV, h=Hsm

alignment prefers
mH < mA
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S. Kraml

Setup of the numerical analysis

® Scan over 2HDM parameter space with 2HDMC Eriksson, Rathsman, Stal, 0902.085 |

2
Mp, MH, MA, M+, Mg, tanﬁa Q

- Either mh=125 GeV or mH=125 GeV with 24 GeV H-h mass difference to avoid
degenerate Higgs scenarios; alignment condition: (1% deviation from exact alignment)

- Theoretical constraints: stability of the scalar potential, perturbativity of the self-
couplings, tree-level unitarity of the Higgs-Higgs scattering matrices

LHC cross sections with SusHi and VBFNLO Harlander, Liebler, Mantler, 1212.3942
Arnold et al.,, 081 1.4559

Experimental constraints:

v S, T, U Peskin-Takeuchi parameters (— Higgs mass splitting)

v B-physics constraints (— tanf3, charged Higgs mass)

v LEP Higgs searches (e+e-—Zh, e+e-—Z*— Ah, e+e-—H+H-)

v Upsilon constraints on light CP-odd states

v CMS light CP-odd search (A=l from 7 TeV dataset)

v ATLAS+CMS heavy Higgs searches (H=ZZ; A—=Zh; HA—=TT, Uy; ...) from Run-|

v 125 GeV Higgs signal strengths with Lilith Bernon, Dumont, 1502. 04138

HPNP 2017 - Toyama - Japan 12



Reminder: Type | and |l coupling structure

Type I and II Type I Type 11
i — - - _ -
b o Cu Co Cu Co
h sin(f—a) |cosa/sinf | cos a/-sin B | cosa/sinf3 | —sin oz] cos 3
H cos(f—a) |sina/sinf | sina/sinf | sina/sinf cos a/ cos 3
A 0 cot 3 —cot 3 cot [3 tan 3

Notation of coupling scale factors, or reduced couplings: Cv (V=W,Z) for the coupling to gauge bosons,
Cu,p for the couplings to up-type and down-type fermions and Cy¢ for the couplings to photons and gluons.

10

tan(p)

0.1

Lilith 1.0 Type | 2HDM

r T T T T I T T T T I T T T T ]
=
= = \E
S

m,=125.5 GeV

1 1 1 1 I 1 1 1 1 1 1 1 1 I 1 1 1 1
-1 -0.5 0 0.5 1
cos(p-a)

BR(h—AA) < 0.16 at 95% CL

S. Kraml

Lilith 1.0

Type Il 2HD

01

[ T I T T T T T I T
L (‘w/‘o i
)
10 & S S, _
é \ e,

m,=125.5 GeV

-0.2 0 0.2
cos(p-a.)

04 0.6

BR(h—AA) < 0.26 at 95% CL

HPNP 2017 - Toyama - Japan

Fit to LHC data

assuming mh=125 GeV
(1,2, 3 O contours)

Bernon, Dumont, SK,
arXiv:1409.1588



Results for mp = |25 GeV

sin(B-0)>0.99

arXiv:1507.00933
(mH = 125 GeV in arXiv:1511.03682 and backup slides)



Relation between ma, my and mps

ordering from
high to low values
(lower values on top)

2HDM Type |, m;, =125.5 GeV

1200 T T T I T T T I T T T I T T T I T T T I.‘I’::':}“E
i " u::ﬁ{'f_%ﬁ
[ ﬁ"g@;_ 1750
1000 2]
i ] 1500
___ 800 | 7 1250 7
0 ' ‘ 0
5 ' ‘ O
O, 1 [ 1 1000—
§ 600 _ E
1 [ 1 750 S
400 i
1 | { 500
200 . 250

0 200 400 600 800 1000 1200
m 4 |GeV]

bound on charged Higgs mass
mHz > 480 GeV in Type

ordering from
high to low values

2HDM Type ll, m, =125.5 GeV l
1200 T T T I T T T I Iypl T I Ih T T I T T T I- .I'..—I\ -:.‘;'
I 1750
1000
[ H,A—2TT limit
1500
800 i — -
= - : : : >
D) L | O
& I Sk Sl | 1250 0
Em 600 - ot . &
big S T - 1000
- e .::.f’“}:. ey .
400 A =
I 0 _-.f:"’i-::.‘-::";.: h‘gl | d 750
200 f gt .
| TR ATER N TR N N | -.I ..I.I | TR TR TN A WO WA N N TR S| | — 500

0 200 400 600 800 1000 1200
m , [GeV]

[Misiak et al.,1503.01789]
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Couplings of the 125 GeV state: Cru

Cu=cos & /sin B

2HDM Type |, m, —125.5 GeV 2HDM Type Il, m, —125.5 GeV
P L L LS B Y PR . A RS s o R ] L s e s I B L I
10~ E - E 1750 10" | o AR E 1750
1500 '"'"'“':-'._' e"’ T 1 1500
102 F i B 107 F 2 3
— . RED — 1250
3 3
| I : ] 8 | I : ] C%
X 3 L H 1000~ _ 3 1 1000~
8 10 ~ = s 8 10 = = aul
9. E = C . E
1 750 i ] 1 750
10* E 1 | 10* F E
F L | 500 s U E 500
i 250 I ] 250
10'5 PR P E § e85 1§55 PG pHeg PE g g s 10-5 po o b b by v v b v v by v v by
0.85 0.90 0.95 1.00 105 110 1.15 0.85 0.90 0.95 1.00 1.05 1.10 1.15 1.20 1.25
h h
Cr Cy

for small mH up to £10% (-10%, +20%) deviation in Type | (Type Il);
for mH in the TeV range, deviations can reach +5%

Note that Cy=Cp=Ck in Type |

S. Kraml HPNP 2017 - Toyama - Japan 16



Cp = -sin & / cos B

CD I Type ” = sp.o - tanP cp-

Opposite-sigh Cp solution for Cpb>0: large deviations from unity even for
mH=[230,665] GeV and cos(B-x)>0.06 high mH and/or very small cos(B-)
2HDM Type I, m;, =125.5 GeV L5 2HDM Type I, n>§125.5 GeV
T ’*I L L L . [T T T T 'E T T T __ 0.135
10t E e % 4 1750 -
: e T : 1 0.120
1500 41 0.105
10—2 -
— 1250 0.090:
3 > 3
| 5 < 0.075 |
=) e 1000~ ¢y 0.0 F ] 2
X 3 = i 1 0.060 &
§ C ¢ ] S I i §
F e e EEmsmEsssssssss s ' 1 750 -0.5 B 7] 0.045
10* - 500 [ i ] 0.030
g E ~1.0 : ]
0.015
250 i ]
0° -1.5 o s 0.000
-15 -10 -05 00 05 1.0 15 10° 10
ch tan(3
* Cp=1 only for very small cos(B-&) Alignment of Cp is delayed for large tanf8

* Large deviations Cp>1 need light mH . o . .
This heavily influences the signal strengths in Type Il,

* Cp~0.8 together with mH~400 GeV as CD determines the h—bb branching ratio.
would point to Type Il with cos(f-c)~O0.1

S.Kraml HPNP 2017 - Toyama - Japan |7
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S. Kraml

Coupling to photons: Cy

Loop contributions from W, top and charged Higgs

2HDM Type |, m, =125.5 GeV 2HDM Type Il, m;, =125.5 GeV
_l T | ) ] ¥ z8 T T I | [ ! T T ' T T T T I T | S | T l T T T T I T | T | T | T T T I T T T T I T T T T I T T _
3 e 100 PR E
3 3 107 F E
: 5 O |
10002, 2 -
3 E S5 2 107 F E
- ] g S - ]
[ j 750 — I j -
3 3 500 10 F E
! ! 250 [ ]
] I T O O 10-5 | | | | | I
[ 1.3 1.4 0.90
9hgtyg- — U [ZBSﬁ—a T Z?%—a]

finite nonzero value in the alignment limit, with or without decoupling

1750

1500

750

500

250

In the decoupling limit, the charged Higgs loop is suppressed by a factor of O(v¥/m?) relative to the W and the top quark
loop contributions. In the alignment limit without decoupling, the charged Higgs loop is parametrically of the same order as the
corresponding SM loop contributions, thereby leading to a shift of Cy from its SM value.This is in stark contrast to the
behavior of tree-level Higgs couplings, which approach their SM values in the alignment limit with or without decoupling.
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o(X)BR(h — Y)
O'(XSM) BR(HSM — Y)

Signal strengths

2HDM Type II, m;, =125.5 GeV

: 1750 : ]
100 | Possibility to
~ oos | 1250, disentangle
77 N | | oS, alignment
oo | . 3 with or without
; y decoupling
0.85
' before the
080 Lot i, - discoveryofa
04 06 0.8 1.0 1.2 1.4 1.6
1.05 ey DM Type |, my ~1255GeV 1.2 e 2HDM Type ll my —1205GeV
' 1750 ; : :
| 1.1
1.00 - - ] 1500 e
SR ; Possibility to
TT B |l 3 Eoor Pe. 0 favour Type |
Q:% 0.90 | . sm Q:% 0.8 | : orType |
750 i : ]
, 07 F ;
0.85 | L ] 500
I ; : ] 0.6 | 5 .
0.80:“"“"“‘;“"“"“"“ ] 0 0.5 Ewuwlww\\I\\\\;\\H|HH|HH|HH|HHE 250 E-g-ugg(YY)>|With
04 06 08 10 12 14 16 18 07 08 09 10 11 12 13 14 15 Hge(ZZ)~1 possible in
Hgo (17) Hgg (77) Type | but not in Type |I

S.Kraml Seminar on particle physics, Uni Wien, 30th Oct 2015 19



Prospects for gg—H,A—YY at Run2

2HDM Type |, =125.5 GeV 2HDM Type I, =125.5 GeV
E ™ T T 1T T 1 'YF') T ]m,'l T 'e' LSRN TR D R 60 10* ™ T 1 'yF') T |m'h I 'e' L L 60
E , 3 50 ] 50
Shatae - o o . 40 . 40
4 4 30 — E 30
3 = :
8 1 20 & ] 20
3 3 g ! ]
g 1 [q 10 T : 3 |1 10
i . S L ] Sa}
= — ) m - b T — a
E | 5 S X - : ; 15 &
B 1 < .4 |
3 10 F —
i E L i ]
¥ . | 1 2 D .45 L i 12
3 3 =1 5
3 - TR © 1
: Rt 10° £
10-7 7777777 __ b T SO0 LY G SO .|\' I 0.5 10'7 i TR R R i ,q"-; 0.5
0 200 400 600 800 1000 1200 0 200 400 600 800 1000 1200
my [GeV] my [GeV]
2HDM Type |, =125.5 GeV 2HDM Type I, =125.5 GeV
10-1 | T T T | T Iy|p I lm}:‘ T l T Ie T I E 60 10-1 E T | T T T | T Iylp | Im{l T | T Ie T | T T T E 60
J 50 E E 50
40 i . 40
= 102 3 %0 =107 F E >
=) ] 20 ) - 1 20
; 103 -; ? 107 ;‘ _;
é 1 |1 10 £ ; ;- 1 || w
H 5. ' T g | ' 3
x 10 1115 & x 100 F I11° 8
N ] SN i ]
T 10° - T 10° F =
3 : | 2 3 : ] 12
© 10° 3 © 10° F
10-7 77777; ! ”.“ h| '.:. o 0.5 10-7 P T N 0.5
200 400 600 800 1000 1200 200 400 600 800 1000 1200
my [GeV] my [GeV]
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Prospects for gg—7H,A—=TT

2HDM Type l, mh =125.5 GeV

103 LA T R R R R L R B B L 60
i 1 50
10> | 3 40
s Z\ 3 30
o) 1 b Sag -
C: Y ...t : 20
T 10" - el :
%l\ 101 & ... .._; 3 10
2 L N
%-Cr\ 103 F :
4 L _
S0 ¢ 1 |1 2
2107 £ 3
10° 4
10-7 [ . A .:- 1 | 1 1 1 | 1 1 1 ] 05
0 200 400 600 800 1000 1200
mA [GeV]
2HDM Type |, =125.5 GeV
101 F T LI I 'y'p T 'm}'l T 7 'e | B 60
i ~a. i 50
iz . ~o E 40
10° F BRET E 30
:—E‘ I .... 1
S tt e 1 ]
T 102 | g 1 10
E - ]
L. |
H x 10 : ; | 5
? 0" E i - 5
§ 10° : ‘3’-‘% 1 W 2
o F : BT - \ i =
b'_. : 'm"f(’ ,v~\‘: '_
10'6 = ’::’:':
107 .. T 17 il A 0.5
200 400 600 800 1000 1200

S. Kraml

2HDM Type I, m;, =125.5 GeV
T T T I T T T I T T T I T T

,g,,,‘ ;
_ e %&\%‘i&'iﬂé

60
50

40
30

20

600
m, [GeV]

800

2HDM Type ll, m;, =125.5 GeV
T I T T I T T T I T

0.5

1000 1200

60
50

40
30

20

]

Lo

e o
oot o fo))

T |

600 800
my [GeV]

HPNP 2017 - Toyama - Japan

1000

0.5
1200

21



"Exotic’ modes
can have O(pb) XS

gg>A—=>/H,gg>H— AA

2HDM Type |, m, =125.5 GeV 2HDM Type II, m, =125.5 GeV
T T T ' T T T T T T T T T T T T T I T T ' T T

- — : 1200 102 F— : , — 1200

_ 1100 10t E ] 1100

I 1000 =) I ] 1000
B, 10

= = 10 E E

i 900 an I ] 900

- N 10" F E

s 800 = o g E 800 =

3 o T 10? F E ®

i 700 IC_D. E/ i E 700 LC_D.

. 1 e00 T X 10° E 4 [ | 600 =

[ | S i g

_ 4 500 + 10* | { 500

[ m E . : Naj

L 1 400 SN 5 [ LI t= {1 400

3 ® 107 F A b ¥

[ { 300 B I EER Y "‘*Q*»{ 1 300

= 10¢ F AT

- I 200 - A e D 200

i L 10'7 i PR TN TN [N TN WY M 5 M 1 0 et | il"‘; & {"

0 1000 1200 0 200 400 600 800 1000 1200
mA [GeV]
102 : T T T I T 2IHIDMI -I:yPelI' Imlll :|1l25‘|5 (l;el\, T l T T T E 101 : T T T I T 2!-|Dlh4| leple III’Ith |:1|25|.5 IGeIVI I T T T : 400
__ 10 3 E 100 F - 350
o) 2 - y
£ 10° . - s 1 [ i
S C ] —~ 10 = = 300
= I 1 < g 1
fﬁr 0™ [ E ? , T 1
E . 10° o 3 250 —
5 10% g 5 I ] %
Na) [ ] 9 107 F 4 |1 2002
X 107 : x i ] T
? - [ ] ? 10% F 3 |4 150 =
. F ] & i 1
\% 105 ;_ _; 4 100 % 107 E_ _E 1 100
g [ ] & o I 1
10-7 i | I T R S Y | S | i 5 10'7 i PR SR TR IS T SRR N AN SN ST SR [ TR SR S HN SR T SR N S R i 5
0 800 1000 1200 0 200 400 600 800 1000 1200

S. Kraml HPNP 2017 - Toyama - Japan 22



H iggs S e If- C O u P I i n g crucial for scrutinising the Higgs potential

as well as for EW phase transition

2HDM Type |, m;, =125.5 GeV 2HDM Type Il, m;, =125.5 GeV
T l T T T T l T T T T T T T I T T T I T T T I T T T I T T

T T L I L B
™ & : 1750 107 E 4 1750
1500 i i 1500
10° F E 102 F .
= Enhancement S~ = : : 1250;
3 ] 3 i ]
| only for light mH | 7 | - | Large (2Z6/Z1)cos(B-x) ] c
- 10° E il 1000 = = 10° k term for mH~1| TeV | | { r000=
S 9 3 ; § s
Q (&) r ]
T 750 o C ] 750
10% F 3 500 10 ? _§ 500
250 I ] 250
10'5 ! L L \ 1 1 ! 1 ! 1 ] L ] | 10-5 PR S N TN SN NN (N SN T TN NN TR SN MO NN S N R S N T N
0.0 0.5 1.0 1.5 2.0 0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4
Cinn Chnn
2 2
SM 276 Zas 225 3\ , 3 SM 3my,
ghhh = G 1+ —-cg_o+ — —— i +0O(c; - _
hhh 2 B—a 7 le 9 ) B-a ( B a) 9hhh y

Large values of Chhh > | (up to Chhn~1.7 in Type | and up to Chhh~1.4 in Type Il) can be achieved in
the non-decoupling regime, roughly mH < 600 GeV, for cos(B-X) values of the order of 0.1,
whereas for heavier mH, Chhh is always suppressed as compared to its SM prediction.
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Radiative corrections and EVWPT

Kanemura et al., hep-ph/021 1308

® |arge radiative corrections in particular to the

trilinear couplings due to non-decoupling effects V() =450Gev my =W +M

-\
O
(=)

Kanemura, Kiyoura, Okada, Senaha,Yuan, 0211308 m,=120GeV

Kanemura, Okada, Senaha, Yuan, 0408364 < Vg'=2m,’ f

N

Gauge-independent renormalization f sin (a=p)=1

Krause, Lorenz, Muhlleitner, Santos, Ziesche, 1605.04853 3
r
<

Gauge indep. MSbar renormalization

L 200 T
Denner, Jenniches, Lang, Sturm, 1607.07352 0 o
0 500 1000 1500 2000
NB: mixing angles get renormalised; meaning of alighment beyond tree level? M (GeV)
1000 Basler et al., 1612.04086 15
and for strength of electroweak phase transition qop| Arneld-Espinosa gy
Bochkarev, Kuzmin, Shaposhnikov, 1990 [...] — o0l
Dorsch, Huber, (Mimasu,) No, 1305.6610, 1405.5537 g
=
Basler, Krause, Muhlleitner, Wittbrodt, Wlotzka, 1612.04086: = 400
Renormalisation of the loop-corrected potential such that not only the
VEV and all physical Higgs boson masses, but also all mixing matrix 200¢ 15
elements remain at their tree-level values. . -
' ' ' ' 1.
O() 200 400 600 800 1000 .
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CONCLUSIONS

It is possible that the 125 GeV
Higgs boson appears SM-like
due to the alignment limit of a
multi-doublet Higgs sector.

The alignment limit does not
necessarily imply that the additional

Higgs states of the model are heavy.

Indeed, they can be light and non-
decoupled and thus lead to exciting

new effects to be probed at Run 2
of the LHC.

KEEP LOOKING!
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Results for my = 125 GeV

cos(PB-a)=0.99
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2HDM Type |, my =125.5 GeV
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Couplings of the

2HDM Type |, my =125.5 GeV
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mu=125 GeV, H=Hsm

|25 GeV state: Cry
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mu=125 GeV, H=Hsm
Coupling to photons: Cy

Loop contributions from W, top and charged Higgs

2HDM Type |, my, =125.5 GeV 2HDM Type Il, my; =125.5 GeV
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Large deviations for a light charged Higgs even in deep alignment limit (Type 1)
~5% suppression in the limit of a "heavy’ charged Higgs
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mu=125 GeV, H=Hsm

Searches at |3 TeV: h—=TT and A—Zh
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Impact of CMS limit on A—Zh

Search for H/A decaying into Z and A/H,
withZ — lland A/lH —-bborA/H—- 1T
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a tool for constraining new physics from Higgs measurements
(Light Likelihood Fit for the Higgs)

J. Bernon, B. Dumont, 1502.04138

http://Ipsc.in2p3.fr/projects-th/lilith



http://lpsc.in2p3.fr/projects-th/lilith

About Lilith

® Lilith is a light and easy to use Python tool to determine the likelihood of a
generic 125 GeV Higgs boson from the latest experimental data.

® \Written by my students Beranger Dumont and Jeremy Bernon based on our
work on fitting the Higgs data.

= Higgs couplings at the end of 2012, G. Belanger et al., arXiv:1212.5244

= Global fit to Higgs signal strengths and couplings and implications
for extended Higgs sectors, G. Belanger et al., arXiv:1306.294 1

old-fashioned
Fortran code

= Phenomenological MSSM in view of the 125 GeV Higgs data,
B. Dumont, J.F. Gunion, SK, arXiv:1312.7027

= Status of Higgs couplings after Run | of the LHC,
J. Bernon, B. Dumont, SK, arXiv:1409.1588 <«— Lilith

® The experimental results used are the the signal strenghts in the pure Higgs
production modes as published by ATLAS and CMS (and Tevatron exp’s).

® All experimental data are stored in a flexible XML database (easy to maintain);
Lilith-1.0.1 includes the latest ATLAS H—=T1T, H=>WW, VH—-Vbb results.

® Public tool; can conveniently be used to fit the Higgs couplings and/or put
constraints on theories beyond the Standard Model.
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<!-- optionnal: if not specified: SM -->
<extraBR>

Usage: reduced couplings

<?xml version="1.0"?2>
<lilithinput>
<mh>125.5</mh>

<reducedcouplings>

<C to="tt">1.0</C> <!-- top quarks -->

<C to="cc">1.0</C> <!-- charm quarks -->

<C to="bb">1.0</C> <!-- bottom quarks -->
<C to="tautau">1.0</C> <!-- tau leptons -->
<C to="WW">1.0</C> <!-- vector bosons -->

<C to="zzZ">1.0</C>

<!-- optionnal: if not specified: SM contributions -->
<C to="gammagamma">1.0</C>

<C to="Zgamma">1.0</C>

<C to="gg">1.0</C>

<C to="VBF">1.0</C>

<precision>BEST-QCD</precision> €&————— : precision of the calculation of gg=H, H—gg,

mode

H—gamma gamma and H—Zgamma

</reducedcouplings>
Calculation follows recommendations of
LHC Higgs Cross Section Working Group

<BR type="invisible">0.0</BR>
<BR type="undetected">0.0</BR>

</extraBR>

</lilithinput>

HEP Theorie-Seminar, RWTH Aachen, 22.Jan. 2015
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Output

® Lilith returns the values of -2*Log(likelihood) and the number of degrees
of freedom (=number of experimental results used) :

Running Lilith in a shell <python 1ilith.py user input file>

-2*1log(L) = 13.111668

ndf = 26
Lilith 1.0 CU, CD, CV 0.4 S 1.0 C,, Cq Lilith 1.0 Type Il 2HDM
L B B B B N CTT T L A R
14 [ ! . 03 . my=125.5 GeV | [ ]
[ l ; 02 b ! E 10 .
Tl * 01 ' : i :
S g o AL «
0.1 F | ]
. | 0.2 : 01 | .
0.6 |'m, =125.5 GeV ] 03¢ : E i m,=125.5 GeV |
ol e by _0.4 c. . vy ey [ AR PRI ST SR NN R HE
0.6 08 1 1.2 14 -04 -02 0 02 04 06 02 0 02 04 06
CV ACY cos(p-o)
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