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1= A2 A Higgs? Likely

Signal strength |7 ™™ e

Combination of ””“; e

« WZH-bb (4.7 for! + 13 1b1) et -

e Ho1 (4.6 fb-1+ 13 fb-1) g:??:?{t:}:::f?; Y

o H— WWO — Iy (4.61b-1+207fb-1)  Update today! ”*ZJ%*‘" o

s H—oyy (4.8fb-1+207fb-1)  Updatelast weeki | Combined  “w=130+020 R

© H—ZZM -4l  (46f-1+20.7f0-1) Updatelast weekt 11" 0" || !
Signal strength u = o/og), measured assuming m;=125.5 GeV ! S?gnal:rength (1)

+  Only +4% change to combined p for +1 GeV
Combined p =1.30 + 0.13 (stat) £ 0.14 (sys)
Compatibility between measurements and SM (u=1)

+ Common pvs SM: 9%

» with rectangular QCD scale/PDF constraints:  40%

o All gy, B By By Hzz VS p=1: 8% (5d.o.f)

* Al pp, Koo Bvws My Hzz VS p=1.30: 13% (4 d.o.f)
ATLAS also sets limits (95%CL; not used in combination):

* H—-opu p<9.8 (20.7 fb-1)  New last week!

* HoZy: p<18.2  (4.6fb-1+20.7 fb-1) Newlast week! o 5 = =
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1% fEAZ M Higgs? Likely

Signal Strength

\s=7TeV,L<5.1f" Vs=8TeV,L<12.2 "

CMS Preliminary m, =125.8 GeV
H— bb (VH tag)

H — bb (ttH tag)

| legn| verH | ve |t JEERETE
v v H — tt (VBF tag)

H— 7t (VH tag)
H->Zz

v H— vy (untagged)
v v v H—yy (VBF tag)

H— WW (0/1 jet)
v v v H— WW (VBF tag)

H->tt

H->bb v' v\ HWW (VHtag)
Ho 22
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A

| 6/ 6gy = 0.88 +/-0.21
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HiggsJ it B & % & (CEPC-SPPC)

A M Higgs#s &89 4t & . 45 5] 2 Yukawas &89 &, A%
A AR AL 0 5 A M @
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Yukawa#g &

iQL QY + iuyPu'y + idpPdly + ...
QL > UZQy, up — Ui, dy — Ujdy,
ZRBRT,UB)Q xUB)u x UB)a x U(3)e x U(3).
—y QpeH vl — y ] QL Hdl +
Yukawa#® &4 3% FAE 24 A7 [U(3)]> — U(1)B X U(1)Lep
Qz N 620/3Q1 u N 62'9/3713%, d% — ei€/3d%
E’L — e“z’EZL, eR — ei‘be%
ﬁﬁ&i**%ﬁ%%?i%wmﬁ%&ﬁ%ﬁ%%%ﬁ%ﬁﬁ

B Ak sR g 4R .
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o Loop/E 1%
o Helicity /= 1&

Helicity flip 2 £ F4E AR (3) x U (3) g8 5efe 55 5t AR P
o BARBRBEA P Eok A m, .
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my = Ypvg + Amy
#8 2d fAr A2 A & Type-1l 2HDM (Glashaw-Weinberg)

Sue.
U,

4

&
Q
SW“‘)L it rg ;

L
+dA

N 1 _
Alsu@)2u)y = 7f(3q +4) + §(h + h)

Qu°H, + Qd°Hg + te°Hy
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p-term in 2HDM
47" ALHUHd

olfpu=0 Mg =0
o If u — Mpy, mp — Mp;
o u~ O(TeV)
B’
47=" SHqu +M
B RBE—AHFBRU() x k2 Ebare ) u-term

s # 0, S+ hy+hg=0

(S)=n#0
FEERE(S) EIARTUQL) x A ARt
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Peccei-Quinn st #

Suw)
U
S S Qud

N
Asu@zuyy = 7f(2q +u+d)

U(1)x # #RbE T
QuHy : q+u+hy,=0
Qd°Hy : q+d+hg=0
SHyHy : s+hy+hg=0
N N N
Ajsp@puyx = 5 2a+u+d) = == by +ha) = ZLs

s # 0= Asue)zua)y 70

Not necessary the same PQ symmetry proposed for Strong CP
problem.
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Peccei-Quinn *t #R P 2 5

W=uH,Hy PG

o Higgsino/i &4 uH,H,
© yau*Qd°H;

ow
Fu, = OH, YaQd® + yele® + pH,

V 3| Fu, |*= yap* HyQd + yep* H e
o Bu’R BuH,H,
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m# | fI? +%M%M + A,QuH, + BuH,Hy,
o FERFHEE m?QIQ
/d2§d29QTQZTZ Q- UQ

o A-term AQuH,
e

B RFAE 2 AR LA R
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o Bu-term BuH,H,

Au
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R-xt #x
R:0 = ¢e%0,0 — 0
Q — e*ianQT - eiaQT
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Chiral# %

D=+ 0+ 0°F : ¢ — e, 1p — 're= Doy, oy gilre—2op
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XJR ENe9SUSYHE

W = —y,QuHy — yaQd°Hg — yeleHq + pH, Hy
SUSY#% £ Qd°H,

Fleld [ @ o & & { H,
Rcharge| £+ 1§ L I I g Z
PQ o 0 0 -1 -1 0 1
R[Qd°H,] : 14+I-%=0

PQ[Qd°H,): 0+ (-1)+0=—1

SUSY # iE &/ 53 PQt A e Ao R- 3 AR 1
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How to interprete the 125 GeV resonance

o Standard Model Higgs boson?
o Composite Higgs?

©0000CO0OO

Higgs boson in MSSM

o the light Higgs boson h at 125 GeV? (push the limit)
o the heavy Higgs boson H at 125 GeV? while & evades all
direct searches (or h around 98 GeV?)

A. Belyaev, Q. -H. Cao, D. Nomura, K. Tobe and C. -P. Yuan, Phys. Rev. Lett. 100, 061801 (2008).
N. D. Christensen, T. Han and S. Su, Phys. Rev. D 85, 115018 (2012).
K. Hagiwara, J. S. Lee and J. Nakamura, arXiv:1207.0802 [hep-ph].
R. Benbrik, M. G. Bock, S. Heinemeyer, O. Stal, G. Weiglein and L. Zeune, arXiv:1207.1096 [hep-ph].
G. Belanger, U. Ellwanger, J. F. Gunion, Y. Jiang, S. Kraml and J. H. Schwarz, arXiv:1210.1976 [hep-ph].
M. Drees, arXiv:1210.6507 [hep-ph].

P. Bechtle, S. Heinemeyer, O. Stal, T. Stefaniak, G. Weiglein and L. Zeune, arXiv:1211.1955 [hep-ph].
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LEP exclueds a SM-like Higgs to 114.4 GeV
(in both SM and MSSM)

Higgs Mass Lower Bound

LEP excludes a
114.4 GeV Higgs
boson @ 95% CL.

(expected 115.3

GeV)
Exp.  Obs.
ALEPH 1135 111.4
DELPHI 113.3 114.1
L3 112.4  112.0
OPAL 112.7  112.7

-

\
5%1“‘ :
IR ]
0L LEP
2f ]
0¥ 3
10 -3; — Observed é
S Expected for 3
4F background ]
10 F 3
sk : 1
10 ¢ 1153 E
N TN W]

0 100 102 104 106 108 110 112 114 116 118 120
my(GeVIc’)

Pierre Lutz /SACLAY

LEP Jamboree (page 18)
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MSSM is a natural 2HDM

o Superpotential is holomorphic and H is forbidden in
superpotential.

o H,, H, contributes to anomaly [SU(2).]2U(1)y,.... and
Witten Anomaly

W =y QuHy + yaQd°Hg + yele“Hy + pH, Hg
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To evade the LEP bound: reducing g2z

A simple realization: to make h Hy-like and take a small vy

h \ ([ —sina cosa Re H,
H ) cosa  sina Re H,
tan 2« Mf‘ + m2Z
tan 20 M2 Z

In the limit of small vy (large tan g, sin 8 — 1)
Taking M4 — 0, sinaw — —1

T T
/3—>§,04—>—§,9ZZhNSin(ﬂ—Oé)—>0
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A. Djouadi / Physics Reports 459 (2008) 1-241

T T T T T T T T
L 3 Ll 3
E 5 ] E
fades=es Ihvv ] 1
0.1 E 0.1g E
0.01 g 0.01 .
E tanf =3 =+=-- E E .
¥ tanf =30 — ] ¥
0.001 L L1 L 0.001 |
50 100 150 200 300 500 50 100 150 200 300 500
M, [GeV] M,

Qualitatively, smaller M4 — smaller gz zn
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Lower bound of M, from LEP bound on charged Higgs

Br(H—1v)

LEP 189-209 GeV

60 65 70 75 80 85 9 95
charged Higgs mass (GeV/cz)

non-decoupling limit (M4 — mz) may survive the LEP direct

search bound (via Zh) and charged Higgs search
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At tree level, M4 — mz, My, — Mpy: nondecoupling
With radiative corrections:

250 ——
200
S I
() L
G 150|
@ H 125GeV
©
= [
é 100f B
T I MEL = MER =500 GeV
sol u = 2300 GeV
— A; = =740 GeV
tang=11 7
140 160 180 200 220 240
M4y (GeV)
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Large tan 8 and sina — —1 lead to M}, ~ My, Mg ~ My,

2 2
MH 2/\422

M3 cos® B+m%sin®B(1— iytgt
872

y4
167

t 2 2 2
e oo ol 04 0535

( )[ I}
1-— 1+ 3y +yb—16g3
MZy sy 12M§USY 16 2 ( ' )
Ube

162 sin ’BM“ {1 + 62 (9y§ —5y? — 16g§)] + O(yim%)
SUSY

M. S. Carena, J. R. Espinosa, M. Quiros and C. E. M. Wagner, Phys. Lett. B 355, 209 (1995) [hep-ph/9504316].
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Consequences of Non-decoupling

Non-decoupling scenario may evade all constraints from direct
search experiments but ....

o H* are around (M%. = M3 + mi, at tree level)
Is the scenario flavor safe?

o Light Higgs bosons can enhance spin-independent
neutralino-nuclei scattering
If DM consists of only neutralino, how about bounds from

direct detection?

LR FHTERYE T & 80 Higgs# a3 § 5



Tree level H*: B, — v in 2HDM and SUSY

Farvah Mahmoudi and Oscar Stal

,,,,,,,,,,,,,,,,,,,,,,,,,,

BR(B+—>T+V)MSSM _ m2B tan25

BR(BT—rtv)sm |7 M2 (1+¢j tan B)(1+¢ tan §)

Qo

o tan 3 ~10: ¢ and ¢ below 1%
MSSM corrections to d-type quarks and lepton mass
matrix have been neglected

@ nondecoupling: Mg+ ~ 130 GeV
MSSM prediction: 20% — 30% smaller than the SM value
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Tree level H*: B, — v in 2HDM and SUSY

Farvah Mahmoudi and Oscar Stal

Mgphee/Mppherd 2

100 200 300 400 500 600 700 800

m, (GeV)
5 2
o BEMBf=m v)ussm _ 1 "B tan? 8
BR(Bt—rtuv)sm  — M?I‘F (1+¢€j tan B)(14¢ tan 3)

@ nondecoupling: Mg+ ~ 130 GeV: tanf ~ 10
MSSM prediction: 20% — 30% smaller than the SM,
consistent with the new Belle data
SM prediction: (0.95 4 0.27) x 10~4
world average before 2012: (1.65 £ 0.34) x 1074
Belle: 0.727032 x 10~* (new)

2
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B — Xy in general 2HDM

Farvah Mahmoudi and Oscar Stal

;\‘bb

o light H* enhances B — X,y
o type-Il 2HDM: My+ > 300 GeV

@ nondecoupling: Mg+ ~ 130 GeV 22
non-trival SUSY setup to cancel H™ contribution
= = = S = vace
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B — X,y in MSSM

Helicity must be flipped in the involved quark states: m;, insertion
in SM

0 U(3)g x U(3)q chiral symmetry breaking
o Electroweak symmetry breaking

W =Qu°H, + Qd°Hy+ beHy + uH,Hy
SUSY correction Qd°H,

Field

c

[ @ w ¢ d ¢ H, Hy| 0
Rcharge || £+ § I I I g T 1
PQ 0 0 o -1 -1 0 1 0
RQd°H,): 3+I-5=0
PQ[Qd°H,): 0+ (-1)+0=-1
SUSY correction must break PQ and R-symmetry
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2HDM has Peccei-Quinn symmetry

(DFSZ axion, 1981).

3
AvE)crva) = 3a+5(2(g-a)+ (u-a)+(d-a))
_ 30— g(hu + ha)

qg+u+h,=20,g+d+ hg =2«

hy + hg # 2a — A3 # 0 Mpq ~ Mingermediate Kim-Nilles

LK EHTERBEF S TH Higgs# a3 § 5P



Peccei-Quinn symmetry breaking in MSSM

W=puH,Hs P&
Another Pg source, (proportional to u)

15)%%
M = GH, YaQd® + yele® +

V 3| Fp, ‘2: ydu*HZQJ"‘ yeN*H:gé
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Chiral R-symmetry in SUSY

Looty mfc | f? R — invariant

+ M%A)\+AuQaHu+...
+ BMHqu R;BQ/

AQucHy

W ET T
- i -~

=
/, ‘ A
'H.
‘ “
. 1Hu .

A3 ¢ i Y Mg
/ I \

Y L o

Y,QuH,
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B — X, in MSSM

H,

S i

br by ( \' '/ \'

u:h u:h

) LLL'H y d) 111171 g
b r,{ \' { \'

(5552 , NS ,
2 o (0"

n></ n></

D) LLL'H»‘ p 9 111171,

Light stop helps to cancel the H* contribution [Top right figure]
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B — X,y in MSSM

] g
M,
be by b b o
“r i
o

\‘ \&”\J / x‘ U’,’“ /

[ S by "X 5,

NURT
(rx‘,“",;?("'*rz\i’m
77—’71, ’ b 71’7% g ) 71’7% g

N (§RR),, , N _ any
% R

b X7 b X s (sim M?( - *(\/m“

d) 71’71: a

Light stop helps to cancel the H* contribution [Top right figure]
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B — X,y in MSSM

Helicity must be flipped in involved quark states
Breaking U(3)g x U(3)4 chiral and electroweak symmetries

o my insertion
wino-stop contribution suppressed by Super-GIM if
degenerate squark masses.

vg insertion (not important due to large tan 3)
v, insertion (effectively 10 - 5¢ - H-like coupling)

©

©

©

chargino penguins from v,, insertion destructively interfere
with the SM and charged Higgs if 4zA4; <0

light stop helps the cancellation as ‘%
t

©

©

gluino penguins important: enhanced by ytan 3, Mz/my,
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Contribute to m, at the same time!

A 5(B) R
AR e
m . — N‘
Q @ 4o & d Q W (B) v Hu Ha
" H, v H
&, .
//’ ‘\\ ., Hy
oA K

AVERS.
5w e /i @

Y
o~
i, A Qe 1
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By — ptp~ in MSSM

SM: (3.27+0.23) x 10~ due to small muon mass m;,/m%_
LHCDb: 3.2715 x 1079 (Nov. 12, 2012)

MSSM: leading Higgs penguin diagrams o tan® 3

if tan 8 ~10, all 1-loop diagrams have to be considered:
e.g., charged Higgs diagrams o tan* 3

nondecoupling — light M4

Bs — putu~ is even more sensitive as the neutral Higgs
bosons are all I|ght tan6 ﬁ/M;ll (Chao-Shang Huang, Wei Liao, Qi-Shu Yan,

Shou-Hua Zhu, 2000 )
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General Constraints

MH 1125+ 2 GeV

=0}l Jodl 1 1~2
LEPII+Tevatron+LHC Higgs search bounds
BR(B — Xsv) < 5.5 x 1074
Experimental: (3.43 +0.22) x 1074
SM NNLO: (3.15+£0.23) x 10~*
FeynHiggs SM NLO predicton: (3.8) x 10~*
0 BR(Bs — utpu™) <6x107°
Experimental upper limit: 4.2 x 107°
SM prediction (3.27 4 0.23) x 107
SUSYFlavor SM predicton 4.8 x 10~ (Hadronic
parameters ?)

o SUSYFlavor2.01, FeynHiggs2.9.2, HiggsBound3.8.0

© 0 0 o
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Input

MQ172 = Mﬁlyz = MJ1,273 = Mi1,2,3 = Mélyzyg =1TeV R

M; =200 GeV, My = 400 GeV, M3 = 1200 GeV .

Mg, = M; =200 GeV, 300 GeV ,500 GeV and 1TeV.

My : 95~ 150 GeV
tanf : 1~ 30
i 200 GeV ~ 3 TeV
Ay =As=A4, : —3~3TeV

Light stau enhances the diphoton but irrelevantto b — s
transition
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3.0

3.0 T
2.5+ 2.5+ ‘ B
2.0 2.0- 4
3 3
g 1.5 e 1.5 4
E8 =4
Lo M= M5, = 1000Gev o My =M, = S00GeV ]
M, :95GeV —— 150 GeV M, :95GeV —— 150 GeV
tanB:1 —— 30 .
o5l B o5l tanB:l —— 30 1
005y p) 005y )
Ay(TeV) A(TeV)

@ no survivors when assuming 200GeV and 300GeV stop,
reduced gg — H (cancels top-quark loop)
o red: My :125+2 GeV, R, : 1 — 2, and combined direct
search bounds
0 blue: B — X
o black: By — putu~
Typical survival points are M4 ~ 140 ~ 150 GeV, tan 3 ~ 10
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t — bHT at the LHC
Assuming BR(Ht — 7tv;) = 100%

0.020
0.015 ATLAS Observed CLs
' Data2011 7TeV 4.6fb™!
&
Q2
1 0.010\\/\
@
0.005|
¢~.§}“
o -\"
00005~ 930 140 150 160
MH+(GeV)

Way below the ATLAS bounds
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H is most H, and v, > v which dominates v
o Httis closeto 1: gg — H similar to SM rate

o HWW is similar to SM: I'(H — ~~) similar to SM values
(W-loop dominates)

o I'(H - WW* — 202v) and T'(H — ZZ* — 4¢) similar to
SM values

Decay BRs may be similar to SM.
Light stau can enhance the diphoton partial width.
Reduced Hbb can also enhance the R,

LK EHTERBEF S TH Higgs# a3 § 5



H— 771~
Large PQ and R-symmetry breaking to suppress the flavor
violation would lead to large correction in Am,, but not to m.,
which is only bino contribution.

I'H—71r717)
I'H —bb)+T(H—-WW*)+T(H — ZZ*) + ...

4

Yo 0z 0z o6 08 1.0 @
Ryp

LK EHTERBEF S TH Higgs# a3 § 5



77~ Channel

Kevin Einsweiler for HCP 2012

The results are consistent with either the background hypothesis, or the SM Higgs
hypothesis. The best-fit i value at 125 GeV is .1 = 0.7 £+ 0.7

s 87 T T T ° T T T T
5 Ho ATLAS Preliminary = ATLAS Preliminary [Ldt=46f" 1s=7TeV
B 7 —eObservedCL, |Ldt=461"15=7TeV | § JLdt=13.01b", \s =8 TeV]
s -~ Expected CL, [ Ldt=13.0fb",1s =8 TeV = ok —Observed H - tt ]
=  6F [tz B .. Expected for SM Higgs Boson E
E Wi . i
3 g = Expected for SM Higgs Boson at m, =125 GeV.
3 1k 1
X4 E oG
io
=3 r
3 E Jio
of 3 Lo
1 ' E 102 5
okL L L L | L | i
100 110 120 130 140 150 100 110 120 130 140 150
m, [GeV]

my [GeV]

No Enhanced r++— observed!

] = =
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New H — hh Channel
Highly fine-tuned though

0.0
1 Mg, = Mg, = 500Gev |
_osl u = 2800 GeV
’ A, = —650 GeV

Mg, = Mg =500 GeV

tanf=12

u = 2800 GeV £
s 10 A, = —650 GeV 1 & ,
tanB=12 -
-1.5¢% _ol
-2.0 L . L L -3 L . L L
100 200 300 400 500 100 200 300 400 500
Ma(GeV) Ma(GeV)

0 ete™ — Ah with A — bb, A — hZ for M, ~ 20 GeV, bs are
soft. Evade the LEPII search of 4b + 2627

o WH/ZH with H — hh — 2b27 +4b+ 47 combined requires
100 fb—! at 14 TeV LHC. (gluon fusion requires 300 fo—1)
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DM Direct Detection

o Light higgs h and H may significantly enhance the
spin-independent neutralino-nuclei cross section through
Higgs exchange.

o Light Stop may further enhance this cross section due to
loop contribution to neutralino-gluon scattering.
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DM Direct Detection
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constraint over this scenario.

Irrelevant if neutralino dark matter is not the only DM
LK EHTERBEF S TH Higgs# wall & 5okdp 2

For 500 GeV stop and M4 < 170 GeV, XENON100 put strong @



Conclusions

o MSSM: my, > 120GeV is nontrival = nondecoupling

gzzn & = small M4
mp+ = My > 80GeV

o |s the scenario flavor safe as my+ ~ ma? The strong
constraint comes from b — s transition:
(I) large PQ and R symmetry breaking with uA; <0
(I1) a light stop M; ~ 500 GeV
o Consequence:
{(I) = large Amp = R.r 1= H — hhto makeR,, < 1

(II) = strongly constrained by XENON100

o LEP bounds: {

Thank you!
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