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We have a hint of SM-like Higgs boson

95% CL limit on /o,
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Two-Higgs-doublet model
(2HDM)



Models for finy neutrino masses

o Zee model (radiative seesaw) .

_ — 8+,H+’;\M
v T, v
x
o Gauged Type-lll seesaw v, v
\\\ A/fz ///
Vi %3

2HDM often appears in new physics BSM
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2HDM in SUSY

r

oSUSY requires 2HDM:

o Holomorohy of superpotential
o Mass generation for up- and down-type quarks
o Anomaly cancellation

o Gauge coupling unification

2HDM often appears in new physics BSM

2HDM is a low energy effective theory
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Classify 2HDMs by Yukawa

o General 2HDM (Type-lil)
L= f (qu)l -+ )/ggq)g) KR -+ H.c.

Yukawa int. is not simultaneously diagonalized with mass maifrix.

> Generate tree level FCNC (Flavor changing neutral current).

o Adding extra Z2 sym. to avoid FCNC
(I)l — —|—(I)17 L — +L

L=L(><+Yp®) g+ He,
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4 types of Yukawa int.

r

o 4 independent combinations of Z2 charges

Oy | By | up | dp | €r | QL
Typell | + | - | - | - | - +
ITJmSe-H - -+ T+ +
TypeX || +| - | - | - | +]| +
Type-Y || + | - | - | + | - +

oType-Ill: 2HDM structure in SUSY

[E = +QYupH, + QYydpHy + LY £ Hy + H.C.J
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4 types of Yukawa int.

r

o 4 independent combinations of Z2 charges

Oy | Py |up | di | by | @, L
Typel | + | - - - | - +
Typell | + | - | - | + | + | +
[Type X[+ [ - T-T-1+] +
Type-Y || + | - - |+ | - +

oType-X: gauged type-lll seesaw

Higgs bosons distinguish quarks and leptons!!

Extra Higgs can be leptophilic (’ran[3>3)
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2HDM (Notation)

o Softly Z2 broken 2HDM potential q>,.:< v fiﬁm))

1
V2
A A
Varom = m2®]®; + m2did, — (m§q>{<1>2 T H.c.) + %(@1@1)2 + 32(<I>;<1>2)2

A
+ A3(BT D) (DL, + Ay (D1 D0) (BLD;) + [75@{@2)2 n H.c.]

o 5 physical Higgs bosons (assume CP inv.)

m3, \s real
hi H % z wi) wt _ [cosf —sind
(hg) = R(a) (h) ’ (zz> =R(B) (A) ’ (wJ) =R(B) (H"’)  R(O) = (sin@ cos @ )

o Higgs boson masses in SM-like limit

Av?
mi ~ 2)\1)2, m?’{,A,Hi ~ M? + - where M? = mj/(sin B cos 3)
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o In the SM-like limit [sin(f-a)=1]

o “h” behaves as the SM Higgs boson
v

/'I L

e W:Wj'h cigwMw sin(B — a) gy

V.,

o “H, A, H+"” behave as scalar boson
s ’0’ "/v

»

W:W;H cigwMw cos(B — a)guy

1V,
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Type-X Yukawa interaction

r

o Yukawa int. of exira scalars (H,A,H*) in the SM-like
limit is corrected by a factor of tanp =< @, >/< d, >

§r X my /v
£ & ¢t
Typel || 1/tan8 | —1/tanf | —1/tan3 SM-like
Type-ll | 1/tan | tanp3 tanB  SUSY-like
Type-X || 1/tan | —1/tan tan (3 |
Type-Y | 1/tan3 | tanf | —1/tanp

Type-X: Leptoplilic in tanp>3 <
my/v
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Aoki, Kanemura, Tsumura, Yagyu, PRD80, 015017 (2009)

Higgs decays in 2HDMs

—

Type-Il (SUSY-like) Type-X

oo, A S WIS T 00%
N O |
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0.1% | 0.1%

[

10

tanp tanp
o 2HDM-X: Enhance leptonic Yukawa int. by tang.

o More than 99% of H/A decay into tx
o Sizable up [ (m,/m, )*=1/300 ] mode
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Why do we focus on Leptophilic Higgs boson?
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Leptophilic Higgs

o Problems in Lepton sector?

oTiny neutirno mass O Rl

] . : 19 D%

3-loop neutrino mass, light H+, W N varWn
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Leptophilic Higgs

—

o Problems in Lepton sector?
oleptonic cosmic ray @ PAMELA, FERMI

Higgs as a messenger of DM
by Goh et al. JHEP 0905:097,2009

DM DM = & &’ 2 1ttt

PAMELA e*

Positron fraction o(e") / (¢(e”)+ ¢(e))
o o o o

Theory curve

100
Energy (GeV)
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Experimental constraints

Direct search resulis
B meson decays

Tau decays

Toyama-mini-workshop Koji Tsumura (ntu)
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Direct search limit

u LEP
- (a) Vs =91-210 GeV

[

SRARSRARARSY §

Higgs Bosons — H® and H*, Searches for

Th.eJ.Ir;nds.in.L.H.(l).a.nd..AgJafar_‘o the m'®* benchmark

thd supersymmetric parameters.|

- A L —————
HOY Mass m > 114.4 GeV. CL = 95%

r —— Observed
---- Expected for background

|
[u—y
TT

95% CL limit on &’
s
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** PR +, 2
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See the Particle Listings for a Note giving details of Higes

+ -
Bosons. ¢ . o H

Direct search bounds are below eV.
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B-o<tvVv

o Only W boson contributes B — T v in the SM

W T
B, rb >ﬂH FaVaVal M —
. YAVAVAY
7

G% |V |* Fam gm?

= &n(l— my/m3,)?

2 m;
1 — 2
m

%%

3

= In2roms, H+ contrib. can be important!

‘H!r E'!

b -
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(HD

- [B2HDM sz 2
~ |1 - §a&e
BSM ‘ m%{i

L"r.-‘ fu §d 62
Type-l || 1/tang ||—1/tanp | —1/tan S
Type-II || 1/tan g tan 3 tan 3
Type-X || 1/tang ||—1/tan tan 3
Type-Y || 1/tan g tan 8 —1/tan g
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B— tvin2HDMs

o Experimental limit:

[B(B+ L rty,) = (144 0.4) x 1074 J

I.q I’ge deVidﬁonS from the SM can be constrained.

In particular, Type-ll 2HDM with large tanp.
o In 2HDMs, H+ contrib\can be important!

< > 2HDM 2 2
B S L W
wul b >___ BSM m%{i dS/h
u
) 3 £ ¢
W ] Type-l || 1/tanf | —1/tanpB | —1/tan
B b AVAVAYAY Type-Il || 1/tanfB | tanp tan 8
T VoMM Type-X [ 1/tan g | —1/tan tan [
Type-Y || 1/tan g tan 8 —1/tan g

7T
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B— tvin2HDMs

50 Type-ll | p2HDM m2, ) 2
Jo0 in Type II B m HE
@ o |
5+ 10 4 well known stringent constraint
Ezoo on SUSY charged Higgs
100f Type-X, Y goupum m2 2
B~ ‘1 - —(-1)

m
10 20 30 40 50 60 H*
tang

2

TYP e- I BZHDM
BSM

my —1

z‘l—

m3.. tan? 3

This consiraint is only applicable for 2HDM-II
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One-loop: b — sy

r

o B—syis one of important observable.
Y X @ @7
Although 1-loop, but enhanced%(mj—
In addition to C7W (SM W boson loop), - .8

Type-Il Y CF* =2v3{ (L

3 F(50) + (kg)tan BG (L) |

H* HT

almost tanf independent contrib.

Type-l, X C';Ii — Qﬁ{(taiﬂ)zF( T;Lt )_|_ (taxllﬂ)(talllﬂ)G(mn;t )}

Mg+ H=E
3 £ ¢
Type-I |||1/tang | —1/tanB | —1/tan
Type-1II |||1/tan g tan 3 tan 3
Type-X |||1/tang | —1/tan tan 3
Type-Y ||1/tan g tan (3 —1/tan g
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One-loop:b —»sy

Type-Il, Y CF* =2v2{(15)?F(5L) + (y)tan BG(HE) }

Botv almost tanb independent contrib.
in Typa II

@ o

Excludedby b — s v
/

chargino—stop loop can cancel this contrib.
- Light charged Higgs is still possible in MSSM.

10 20 30 40 50 &0
tang

This constraint is applicable for 2HDM-II & -Y

2

Type-l, X CfF = 2v2 {(5k5)2F (5) + (25) (25 G55 }

mHi
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Small Yukawa coupling with quarks in Type-X.

s

=

For large tanp

Are there any purely leptonic constraint?
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t leptonic decay

F

500 R TR v

ToUVY ” |

400 in Type II & X @
7

=300 @20 <
I(_D' v
t, lo
5200
Type-II, X BQHDM 2m2
100 _ S = 1 - —; £ tan? B
BsM ms .
10 20 30 40 50 60 )
cang Type-l, Y 32HDM 1 Qmi 1
BsM mZ,. tan® 3

milder bounds for Type-Il and -X
mH+ ~ 100GeV is allowed for Type-X
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Leptophilic Higgs boson @ LHC
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Leptophilic-2HDM @ LHC

F

o DY production with leptonic decay modes

()
z 7 1< Multi-tau signature
4v: more than 99%
\ | 2u2t: o(4t) x 1/300 x 2!

20k, LHC 14TeV
N v/s=14Tev, CTEQ6L

100flo roop™ X\

50 \\\\ AH-

. ~
N ~ 3
~ ~ AR
~
~
~
. ~
~ ~
“~ ~
- ~
. ~
~ -
~ ~
- ~
~ ~

AR’

o (fb)

207t

10fo ™

5 b

Cross sections are O(10)fb -

150 200 250 300
mge (GeV)
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Framework of Event analysis

o Signal/BG(VV,itbar,DY) are generated by PYTHIA and MG5
50fb for mH=130GeV & mA=170GeV/107pb, 492pb, 30nb

o jets (anti-kT alg. with R<0.4)

EI‘Cj = fauje’r: In|<2.5, pT>10GeV

|dentification; 1 or 3 charged hadrons (1- & 3-prong)

narrow cone R<0.15 (95% of 1)

leptonic 1-prong 3-prong
T—pvr: 17.36% 71— h v 11.61% r— h~hth=(> 0nO)r : 14.56%
T—evv: 17.85% 71— h~hO% : 25.1%

T — h=(>2r%r : 10.85%
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4 T lepton signature

pp — ZF — HA - & ‘
* H/A decay into tau-lepton pair by more than 99%.

T+ 4T, Th Th Th T, ~ (65%)*~18%
H 3, 1L 1, T, T, (L ~4(65%)°(35%)
-
§> 21, 2L T L L ~6(65%)°(35%)°
A " 11, 3L Th L L L ~ 4 (65%) (35%)°
' 4L L L L L~ (35%)*~1.5%

 more tau-jets, the larger branching ratios
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41, channel : T T T T (anexample)

(0.65)* ~ 18% : large number of events is expected
- perform selection cuts to enhance signal/background ratio

High multiplicity of tau jet reduces BG.

Pre-selection: 4 Th
A1y, event analysis| HA [¢"H*|[VV| tt |V +jets|s/b|S (100 fb~1)
Pre-selection 324.| 528 1[147.1797.] 5105. 0.1 4.7
pr =40 GeV  [[67.2] 4.9 | 2.0 |14.7| 21.7 ([1.9 9.4
Fr =30 GeV [486) 4.4 |M.1|7.6] 10.4 |[2.8 9.3
HE' < 50 GeV ||34.2] 3.4 I( 05|08 &
7.6

82\ (39| 87
Hy? > 350 GeV |[27.6| 2.7 flo.4 |0k | 3.1 Y[7.5| 9.3
' N A
\ \
I AN \
High pT cut: VV “ pT cut: DY
Hijet cut: ttbar

Numbers are for L=100 [fb-]

Toyama-mini-workshop Koji Tsumura (ntu)
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47, Channel : T

Th Th Th

(an example)

L L L1l

-"u:-5 -VHC
"xxx-.' - -
uun tt

=« V+jets

L aanul

Number of Events / bin
a

10°

20 40 ©0 80 100 120 140 160_180 200
Py [GeV]
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B ‘1

- : - HA
1 oW

S 1 = 1 V+jets
LI

£t |
S |

7575

Pr

Numberof Events / bin
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Numbers are for L=100 [fb"]

L]
o
0
0
0
0
LI
|
0
0
Tt
1
i
ﬁ
1
1
1
1
-

= HA
--W
-

=« V+jets
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47, channel :

Th

Th

Th

Th

(an example)

Numbers are for L=100 [fb"]

(0.65)* ~ 18% : large number of events is expected

- perform selection cuts to enhance signal/background ratio

A1y, event analysis|HA |o"H*||VV | tf |V +jets|[s/b|S (100 fb~1)
Pre-selection 324.| 52.8 (|147.{797. 5105. ||0.1 4.7

P =40 GeV  (|67.2] 4.9 |[2.0 [14.7| 21.7 |[1.9 9.4
Ep >30GeV (486 44 [1.1[7.6| 104 |[[2.8 9.3
HY' <50 GeV (|34.2] 34 [[05]|08] 82 |[3.9 8.7
HyP > 350 GeV |[27.6] 2.7 J104]05] 31 |75 9.3

* Large Sig nificance with large s/b ratio for L = 100 [fb-1].

Almost BG free, excess can be found.

(we only used one channel !!)

Toyama-mini-workshop

Koji Tsumura (ntu)
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41, channel : T T T T (anexample)

Numbers are for L=100 [fb"]

4—"\ 4—"\ T el
- g o\ rad ) \
Lepton channels S/,.:‘h (S) ;;_hl_“& S) \\35.}1_1( (S) \}Hugiﬂ—l:('g) \ﬁ}h_(— ({9)
Pre-selection ||377./6050. (4.8)[302./4208. (4.6)|278./3883. (4.4)|166./917. (5.3)|74.4/13202. (0.6)
pt > 40 GeV || 72.1/38.5 (9.5)[ 87.2/70.2 (8.9) 80.‘2/"12.7 (8.2)(71.7/67.5 (7.6)| 32.4/479. (1.5)
Er > 30 GeV | 53.0/19.0 (9.3)| 69.3/54.6 (8.0)| 63.4/53.8 (7.5)[58.0/58.6 (6.7)| 26.3/38.6 (3.8)
HJ“t < 50 GeV || 37.6/9.6 (8.7)[49.0/17.4 (8.9)]| 44.9/23.0 (7.6)|41.7/13.7 (8.5)| 18.7/16.0 (4.0)
qu" 350 GeV || 30.3/4.0 (9.3) 34.5/8.4 (8.4)] 31.4/10.9 (7.2)]|24.2/3.8 (8.0)] 10.7/8.2 (3.2)
(my).. £ 10 GeV - (-) - (-) - (-) - (-) 9.3/25 (4.2)
l’—--NA\ lz’-‘xA‘ LamInlS NG
Lepton channels \171 1_13(;’ \\E’i} < ',’ . 1113(/ (\_.4:/'
s/b (S)| s/b (S)| s/ /b (S) s/b - (S) T Th Th T
Pre-selection [[29.2/132. (2.5)(8.7/120. (0.8)({1.7/7.6 (0.6)[0.4/268. (0.0)
p > 40 GeV  |[19.3/38.6 (2.9)|5.6/34.2 (0.9)| - (-) - (-)
Er >30GeV |[15.5/22.1 (3.0){4.6/19.2 (1.0)[1.2/3.4 (0.6)| 0.3/2.6 (0.2) T, Th Th L
(mz).. £10 GeV| 13.6/2.4 (5.8)|4.0/6.5 (1.4)|1.1/1.2 (0.9)] 0.2/0.7 (0.2)

* Many channels
with Large significance
Excess can be easily found.

Toyama-mini-workshop Koji Tsumura (ntu)

33



A1, Channel : ™ T T T (anexample)

Numbers are for L=100 [fb"]
o Remarks:

o Due to the many sources of missing momenta,
mass reconstruction is difficult.

o Higgs boson masses may be obtained by finding endpoints

of A _ distributions.
e mH=130GeV & mA=170GeV

LI I N L O L L O B B (-1

Number of Events / bin
.
[
|

Number of Events [ bin

T S [ BT '2% o M > m
M ThT, ThT}, ThT ThT),

Pairing of tau-jets from the four can be chosen for the pair which has max.
transverse momentum of tau-jet-pair, or which has smallest distance.
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2 n - 2 T signature
7 HA
wes -@00

occasionally, H/A decay into muons;
B[H/A — pu] ~ mﬁ/m% ~ 0.35%

" ~ 2 % 0.35% x

i,
§> 11, 1L2u (1, (L “ 2(65%)(35%)
1 DOOG

Small branching ratio, but clean signatures

of dimuon with sharp resonance peak.
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2u2T1, channel : “ T Th  (anexample)
P———

Numbers are for L=100 [fb"]
6 x (0.65)2-(0.175)2 ~ 7.8% from 7777

0.7% x (0.65)2 ~ 0.3% from uurr — AIMUON ped ks

e perform selection cuts to enhance signal/background ratio

before cuts s/b <102, but ~ 3 after cuts
2427, event analysis|| HA|o"H=||VV | tf |V +jets|| s/b |S (100 fb—1)
Pre-selection 01.0| 7.7 |441.|393.| 15675. |[102 0.
p7 > 40 GeV 41.1( 1.7 ||37.7(33.4 548. || 0.1
> 30 GeV 33.1( 1.6 ([14.7(29.9] 5 0.7

o . . \
HY < 50 GeV 2400 1.2 (|97 (43| 3.1 || 1.4
HyP > 250 GeV (1216 1.1 [[86|3K| 1.0\| 17
(my ), £ 10 GeV 21133 3.1

. pTcutDY
HTjet cut: ttbar
InvMass cut: VV

Koji Tsumura (ntu)

o0

CT LT LT e e
e e | -]

o0

A
1
1
1
1
1

Numbers are for L=100 [fb-']
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2u2TH Channel :

Th

(an example)

ﬁ -lllllllllllIlllIlllllllllllllllllllllll-
" — HA

8

c ==VV

s 10'F =
& E u-tT. E
5 = = V+jets J
£ i
et :
=

2

10°

10°

Number of Events / bin

-

Er™ [GeV]
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@ 05 S
S = : V+jets
£
£ 04
=
=
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01

0.05
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Numbers are for L=100 [fb-1]
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2u2T1, channel : “ T Th

(an example)

o Dimuon inv. mass dist. Muu

Number of Events / bin

Number of Events / bin

QJ
L L

Numbers are for L=100 [fb"]

W
T T

L
L L

50

\

\
\
\

iy TSP B -
200 250

L

100 150

oSharp peaks (H,A%MM) around ‘h‘l\=130GeV,17OGeV

oBroad dist. from muonic tau decay (4‘592M21:j)

Toyama-mini-workshop
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Event by event determination of HA pair

O t—t inv. Mass can be reconstructed !
T (1)
o Collinear approx. z /H<T+(/,+;

{pl/ ~ CpTy] \\ (o)
v from energetic T decay is along with charged track (j) \

> T mom. can be determined from taujet and MISSING pT

— miss — —
[PT ™~ C1PTr;1 T C2PTr)2 ]

2 unknown (c1 & c2) are calculated by solving simultaneous 2 egs.

{MTT = \/(Pﬂ + Pra)? = MTjTj/\/ZﬂzJ o= 28 = Ty

Toyama-mini-workshop Koji Tsumura (ntu) 39



2u2T1, channel : “ T Th  (anexample)

P . Numbers are for L=100 [fb-']
o Taujetinv. Mass and Tau inv. Mass

% 1.6-— T I T T LI I LI T T I T LI T I T T T l—- %0.35-_ I I I l —
~ F —HA -~ [ -—HA :
g 140 —--VV £ 03 _VV
> C > C off ]
w w - - tt N
5 2 S0.25F | ---V4jets
R B i ‘
3 C s 0.2_—' : -
< 0.8f B = ]

osharp peaks (H, A=>TT) around M=130GeVv,170Gev

M, = \/(pTl +p7'2)2 = MTjTj/\/ <142

Toyama-mini-workshop
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2u2T1, channel : “ T Th  (anexample)

o

rrrryrrrrJyrrrryrrrr|rrrr T
I I | | |

oless # of events
under the collinear approx.

mber of Events / bin
F=

3
3
4

24127}, event analysis| HA|[¢"HE||VV | tf |V+jets|| s/b [S (100 fb—1) 9
Pre-selection 01.0| 7.7 [|441.{393.| 15675. ||10~2 0.8 ;
p =40 GeV  |[41.1| 1.7 [[37.7|33.4] 548. | 0.1 1.7 ]
Er>30GeV |33.1 1.6 |14.7(29.9] 51 | 0.7 4.5
HY' <50 GeV  |[24.0( 1.2 [[9.7|43| 3.1 | 14 5.1
HpP =250 GeV [21.6] 1.1 [[86(3.7]| 1.0 | 1.7 5.1 N
(M), £10 GeV |[18.8] 1.0 [21|33| 1.0 |[ 3.1 5.8
0.S. muons 132 06 [[20[33] 1.0 [ 2.2 1.4
0<z12<1.1 20| 01 [10]06] 0. | 1.9 1.9
(my)e, £20 GeV || 27| 0.1 [[02]06] 0. | 35| 23

M, = \/(p’Tl _|_p7'2)2 = MTjTj/\/ <142 ﬁTj ~ 2 Dr
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llllllllllllllllllllllll

—HA
-=-VV

-.-V4jets

llllllllllllllllllllllllll

1

= 1_|_CPT

41



2u2TH channel : “ T, T,  (an example)
P ————

Numbers are for L=100 [fb-"]

o Several channels can be combined

Ag--; g—-h; T A—-, 4—-,

Lepton channels & ‘3“27". Y ( Zul‘rhl—c K ( 3‘“17—" ’ (s4‘i:' ( 3“1S : ( 2“2—6 ,
‘ s/b”"" (S) s/'b'" 3/75" Ss) | SETT(S) | s
Pre-selection  [|98.7/16507. (0.8)[35.7/154. (2.8 14.3/162. . )0.9/401. (0.0)[2.6/8.9 (0.8)]3.3/647. (0.1)
p > 40 GeV | 42.8/618. (1.7) 23.6/46.‘2 (3.2) 9.4/46.8 (1.3)| - Gl - 6 - (-)
ET =30 GeV | 34.7/ 59.7 (4.5)[19.2/25.3 (3.3)| 7.7/27.5 (1.4)] 0.7/4.2 (0.3)[2.0/5.8 (0.8)| 2.5/5.7 (1.0)
HI* <50 GeV || 25.2/17.1 (5.1)| - (-) - (-) - )l - () - (-)
HYP > 250 GeV || 22.7/13.3 (5.1)[15.7/18.4 (3.3)] 6.5/20.2 (1.4)] 0.6/2.1 (0.4)[1.5/2.8 (0.8)| 1.7/3.0 (0.9)
(my),, =10 GeV| 19.8/6.4 (5.8)[13.7/2.3 (5.9)| 5.4/5.1 (2.1)0.5/0.5 (0.6)[1.3/0.6 (1.3 (1.6)
0.S. muons 13.8/6.3 (4.4)] 9.5/2.0 (4.6)] - (-) - ) | - (1.3)
0<z12<1.1 3.0/1.6 (1.9)| 3.0/1.0 (2.3)| 2.0/1.3 (1.5){ 0.4/0.2 (0.7)0.7/0.3 (1.0 (0.8)
(my),, £20 GeV| 28/0.8 (2.3)| 2.8/0.3 (3.0)| 1.8/0.7 (1.7)|0.3/0.1 (0.8)[0.6/0.2 (1.0 (-)
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2u2T1, channel : “ T Th

(an example)

02D inv.-mass :- T B :
distributions : | "
Of M”“ Vs. MTT :: °15E ; g

— 250
]
< &
L I;":; = 200+ —
. s - e T e sassama
I' R ETEE]l FE R .: : T EE -
K EEE 1 | | | R A -] K -« 1l - -]
R 150~ "ax xmEmmsimer = =x u 150~ T T
I ------l.-- ----- “m s moms ] r . -EmE- . N
l..-...lln--- - m . .
--------- IR ] . = e ]
L 100—_ ---Illll llllllllll !— 100—_ . "= .. . -
| gt el - 4 - 4
--...-..-ll l--- N 1
K -II.- [ 1 L LR NN N -_
= - = =lN .--IllIIl r .
50_ --I--. ....-.IIII
SR L O I;‘eg pl’O e
L =En Il.l---
I- -
| Ll | | C | " ! L L]
e = « ™ 00 50 100 150 200 2‘0

ulq / SJUIAT JO J1aquiny M., [GeV]

f St Higgs pair

Numbers are for L=100 [fb-']
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Summary

F

o Leptophilic 2HDM is interesting.

o Light scalar bosons are allowed by experimental data.

o Scalar bosons mainly decay into tau (mu).

oMulti tau events can be clean
signhatures @ LHC

o Excess of 4 tau signature can be easily found.

o Higgs pair can be direct explored by collinear approx.

T (1)
.
471, channel : | T L, << |

2u27, Cchannel : “ Th T N
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Official CERN Statement

F

o The main conclusion is that the Standard Model Higgs
boson, if it exist, is most likely to have a mass
consirained to the range 116-130 GeV by the ATLAS
experiment, and 115-127 GeV by CMS. Tantalising
hints have been seen by both experiments in this

mass region, but these are not yet strong enough to
claim a discovery.

! .
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EW precision data

’
o Blue band plot (A global fit of the Higgs boson mass)
6 Juty 2010_ : m,, : ='158 GeV
5 L L Aoy = {: —
This plot is the reason why | T e
we believe a light Higgs boson#] 1« 1
, , H srmvwn 2- d
W/Z W/Z -
1_ il
0 — Prelilminary_
30 300
opyT = Ap = +eCEburm)._SEe0a% (I T — 5)
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EW precision data

o ST-parameters

Count number of fermionic degrees
(sensitive to 4ih-generation, technicolor)

T

T =

/

Characterize custodial SU(2) breaking

apml = Ap = +750 75 gvar D m2,

Toyama-mini-workshop

S = 167 [ﬁ

OpM

mtop: 1GeV step

-
’
!

WIZ 2o ‘ W/Zz —
/ / o
0.1 oo
/ —_9a9/ 4
rO-T7 © 7 O oy
442G F =33 —11 _oa b
==L My (0) - Ty (0)] s00Ge
—0.2

0.1 0.2

NcGp(mi—mp)? 3Grm% sy, (1 My §)
6

Log dependence on Higgs mass

S =0.03 £0.09, T = 0.07 + 0.08 (p = 0.87)
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4 types of Yukawa int.

r

o 4 independent combinations of Z2 charges

_ Oy | Py | up | dp | ln QA‘
|Type—I + | - - - | - + |
Type-Il || + | - | - | + |+ | +
TypeX || +| - | - | - | +]| +
Type-Y || + | - | - | + | - +

oType-l: SM-like Higgs and an exira scalar

Fermion masses are generated onlv from &2

(may relate for Ma model,...<®d1>=0)

Toyama-mini-workshop
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4 types of Yukawa int.

o 4 independent combinations of Z2 charges

Oy | Py |up | di | by | @, L
Typel | + | - - - | - +
Type-Il || + | - | - | + |+ | +
Type-X || +| - | - | - | +]| +
Type-Y || + | - | - | + | - +

oType-Y: | have no idea related for NP.

(actually stringently constrained by experimental datq)

oType-lll (general): Zee model o
o Ho e

/ \

[£ — _|_Z}/£1€RH]_ + Z}/KQKRHQ + H.C. ] > o c

% ' %
L | L
! {
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