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Why do we focus on Leptophilic Higgs boson?

KILC12, Daegu Koji Tsumura (nagoya univ.)



New physics in Lepton sector

oTiny neutrino mass

o Tree level seesaw (Type-ll)

o Radiative seesaw (Zee, Zee-Babu, Ma,...)

These models infroduce new scalars.

Oou magnetic moment

New LIGHT scalars can give sizable contrib. | wecamvwsen

O0E" eXCESS @ PAMELA, FERMI

New Lepton-specific scalar play
a role of a messenger to DM

KILC12, Daegu Koji Tsumura (nagoya univ.)
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Leptophilic Higgs in 2HDM

oTiny neutrino mass

ex. 3-loop radiative seesaw w/ light H+/
by Aoki et al. PRL102:051805,2009

Oou magnetic moment
light A(CP odd) w/ large tanB

by Cao et al. PRD80:071701,2009 -~~~
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O0E&" eXCESS @ PAMELA, FERMI

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

DM DM > & & =2 1ttt
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Classify 2HDMs by Yukawa

o General 2HDM (Type-lil)
L — Z (Yglq)l —+ Ygzq)g) €R —+ H.c.

Yukawa int. is not simultaneously diagonalized with mass maitrix.

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

o Adding extra Z2 sym. to avoid FCNC
b; — —|—(I)1, L — +L

L=L( ><+Yp®)lg+ He,

KILC12, Daegu

Koji Tsumura (nagoya univ.) 3



4 types of Yukawa int.

o 4 independent combinations of Z2 charges

Oy | Py |up | di | by | @, L
Typell | + | - | - | - | - +
ITJpre—II + | - |- |+]|+| + ‘
Type-X || + | - | - | - | + ] +
Type-Y | + | - | - | + | - | +
noType-Ill: 2HDM structure in SUSY

KILC12, Daegu

Koji Tsumura (nagoya univ.)



2HDM-X as a low energy effective theory

B

o Higgs doublets distinguish quarks and leptons

o B S N

Type-1
Type-11
IType—X
Type-Y
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2HDM

o Softly Z2 broken 2HDM = (7< +h m-))
Varom = m2®]®; + m2id, — (mgcbicbz + H.c.) + %(@{@1)2 + %(@5%)2

+ A3(DT D) (BL D) + Ay (D1 D0) (B1D;) + [%(@{@Z)Q + H.c.]
o 5 Physcal Higgs bosons (assume CP inv.) .
hy H 2 2z wi wt cosf —sinf
()0 (). (2)mn ) 6) - 5. - (20 2

O Mass spectrum (in SM-like limit)

o

real

My ~ 2007, My g e ~ M7+ where  M? = m2/(sin § cos )

v

i " sin(B-a)(=1), tanp are also free parameters
\

’.
Ll
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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, >

ﬁf X mf/’u

_]_/ tanﬂ SM-like
tan SUSY-like

£ £ 3
Type-I || 1/tanf | —1/tan
Type-II | 1/ tan g tan
Type-X || 1/tanf | —1/tan 3 tan |
Type-Y || 1/tanf tan (3 —1/tanf

Type-X: Leptoplilic in tanf>3 <
my/v

KILC12, Daegu

Koji Tsumura (nagoya univ.) 9



Aoki, Kanemura, Tsumura, Yagyu, PRD80, 015017 (2009)

__Higgs decays in 2HDMs

—

(SUSY-like)

100% | .TA=15.08V)’S.m.(I.3._(.X,)=1 - .TA_15O GeV, S|n([3 oc) _ 100%
% N ! O ] 10%
1% | : gg \ ] 1%

| CC

0.1% W, 0.1%

2 :Zy a E :
| 1 Zy

1 10 1 10
tanp tanf

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

o More than 99% of H/A decay into tt

KILC12, Daegu Koji Tsumura (nagoya univ.) e



Experimental constraints

Direct search results
B decays

Tau decays

KILC12, Daegu Koji Tsumura (nagoya univ.)
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Leptophilic Higgs boson @ colliders

LHC vs ILC

KILC12, Daegu Koji Tsumura (nagoya univ.)
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Test of Leptophilic-2HDM @ LHC and ILC i R

B

o DY production with leptonic decay modes

Oy Multi tau lepton signatures
4t: more than 99%

o Cross sections are O(10)fb @ LHC & ILC
2o LHC 14TeV

Vs=14TeV, CTEQ6L

]OOfb LY " 0% e000000000000000000000000000000000 000000 *9veccccccsccssccccccccese AARARARARAALRARARSN oo
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LHC14

o mH=130GeV & mA=170GeV [0=50fb]
o BG [VV(107pb), ttbar(492pb), DY(30nb)]

Event analysis details (for LHC14 and ILC500)

-FastJet, TAUOLA, PYTHIA, MG5 are used,
jet is defined by anti-kT w/ R<0.4

-ldentification of hadronic t
o Require 1 or 3 charged-hadron(s) (1- & 3-prong)
o0 Narrow cone R<0.15 (95% of ET) .

A\

KILC12, Daegu Koji Tsumura (nagoya univ.) U



47‘h channel : Th Th Th T, @LHC14 (an example)

10°

g o - HA 2 ET == HA

2 i, w1 gl -y

6104 anm tt ) = o Ml unutf )

-é =:Vijets3 % v i = Vijets

z i ® 1

€ . = °

5 Pre-selection: 4 Tn

T5T5

Pr

or Th

20 40 60 80 100 120 140 160_180 200 :
P, [GeV] P

= HA
--W
ot

=« V+jets

—HA
--W
o

= =« V+jets

Numberof Events / bin
’ - - .- L -
1

n
W A
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4Ty, channel : Th Th Th 1, @LHC14 (an example)

L=100 [fb1]

 perform selection cuts to enhance signal/background ratio

41y, event analysis| HA |¢"HE||\VV | tt |V +jets|[s/b|S (100 fb~1)

Pre-selection 324. 52.8 |[147.|1797.] 5105. |0.1 4.7
p > 40 GeV  [[67.2] 4.9 [[2.0[147] 207 J[1.0] 94
Fp >30GeV (486 4.4 |M1[76| 14 |28 9.3
HY' <50 GeV [[34.2] 34 £05|08| 8% [3.9 8.7
HIP > 350 GeV [27.6] 275 04 |o% | 3% [75] 93

. . Pre-selection: 4 Th
High pT cut: VV
'gh pt €U pT cut: DY

HTjet cut: ttbar

Significance estimator:

S =1+/2[(s+b)In(l+s/b) —s] ~s/vVb (s<b)

KILC12, Daegu Koji Tsumura (nagoya univ.)
17



47‘h channel : Th Th Th T, @LHC14 (an example)

Optimize kinematical cuts, and many channels

41y, event analysis| HA |¢"HE||\VV | tt |V +jets|[s/b|S (100 b~ 1)
Pre-selection 324.1 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
E; >30GeV |[486] 44 [1.1|7.6] 104 (2.8 9.3
HE' <50 GeV [34.2] 34 [|05[08| 82 |[3.9 8.7
HYP > 350 GeV |[27.6] 2.7 [[04|05] 3.1 |75 9.3

T T T T T T T T I ..

L=100 [fb-]

Th Th Th Th
dth 3rrlp 3mnle 2mplple 27h2e
s/b s/b (S) s/b (S) s/b (S) s/b (S)

302./4208. (4.6)|278./3883.

Lepton channels

“

Pre-selection ||377./6050. (4.8) ( (4.4)]166./917. (5.3)|74.4/13202. (0.6)
pi =40 GeV | 72.1/38.5 (9.5)| 87.2/70.2 (8.9)| 80.2/72.2 (8.2)|71.7/67.5 (7.6)| 32.4/479. (1.5) T T T L
ET > 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) h h h
H.jfl <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)
H!;p > 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)ee £10 GeV - () (-) - (-) - (-) 9.3/25 (4.2)
T, T, L L
1mhlp2e 1mh3e 1p3e de

Lepton channels , . , .
s/b (S)| s/b (S)]| s/b (S)| s/b (S)

Pre-selection  [|20.2/132. (2.5)[8.7/120. (0.8)[1.7/7.6 (0.6)]0.4/268. (0.0)
Pt > 40 GeV  [|19.3/38.6 (2.9)[5.6/34.2 (0.9)] - () - ) T |_ |_ |_
r>30 GeV [15.5/22.1 (3.0)|4.6/19.2 (1.0)|1.2/3.4 (0.6)] 0.3/2.6 (0.2) h
(myz)ee +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)

KILC12, Daegu Koji Tsumura (nagoya univ.) L L L L



47‘h channel : Th Th Th T, @LHC14 (an example)

—

L=100 [fb']
O Remarks:

o Higgs boson masses may be obtained by finding endpoints

of MThTh distributions. mH=130GeV & mA=170GeV

5F g

4 .

Number of Events / bin
=y
[
|

Number of Events / bin

s ]

Y

L 11 ' B m - il BN R B O e e e e e -
50 100 150 200 250 % 50 100 150 200 _ 250 M >
m m
ThTh ThTh ThTh ThTh

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.

Does ILC have advantages?

KILC12, Daegu Koji Tsumura (nagoya univ.) L



Multi tau lepton signature @ ILC

T (1)
o Advantages: z =

\ ()
-Less BG events mH=130GeV & mA=170GeV S A < \‘

o=30fb, ZZ(567"fb"), ttbar(580"fb"), WW(7700"fb") @ ILC500
[ 6=50fb, VV(107pb), ttbar(492pb), DY(30nb) @ LHC14 ]

-Precise mass determination by using collinear approx.

-

0=z PTr1+ 22 Pr2t 23 Dr3 + 24 Prja
—1 —1 —1 —1

4 unknown(z1-z4) are calculated by solving simultaneous 4 egs.

— 4 v mom. are fully reconstructed from taujet & missing mom.!!

No missing other than tau decays

KILC12, Daegu Koji Tsumura (nagoya univ.) 2



4Ty, channel : Th Th Th T, @ILC500 (an example)

HA: 30fb for mH=130GeV & mA=170GeV Before pre-selection cuts!!

71, ftbar, WW: 567fb,580fb, 7700fb @ ILC (Normalized by same # of evfs)
RS RN R LS RS LR RARN LN AR Rn 08T T I T T T T T T T T T T T
I o o.7§ o —
10"5— % _fsz E o.eé— _gw —
| 5 L
- ] . 0.4F ]
107 _I_LLL| E o.3§
| T IR
. pT i 0.1
107 E
F=56"-30""50""50 100 120 140 160,180 300 %
P’ [GeV]
r | [_ I | | | |""]"' 1%‘
0.251 o l a

0.6

0.4

0.2

i o ]
O ""50 ; 0

KILC12, Daegu Koji Tsumura (nagoya univ.) 2



4Ty, channel Th Th Th T, @ILC500 (an example)

Az event analysis | HA I VV _|_ ¢ || 5 (1005 |

1| Pre-selecti 300. [ 10.6 | 1.2 38, :

:.-__0_1" <3 %?—ef -LO-T---- T e T o T -l BG events are well reduced
(mz)_ to0cev loss Il 18| o 43 even at pre-selection level!!

O MT ; @ILCS00 (before collinear approx.)

| | _
1 | —
1 . |
o s et o
=Lesnre=a=-
IIIII-- I ]

- 1
- -----.--::::::r.-r.-r--: |

2 100_— ,::.... ..- .I. . N
EEEEl 1 ln-I i
i RN Y | | [ L1
i samil mEn -
50l " ll.....!-ll ] RN 7
o spEEEEEEEE= - . .
B ESEEEEERN - ..
| v e e e ms [ ] ll " .I .
_I'II I I.I.III!I L I.I.!.I.I.I 1 1
% 50 700 17750 T 200 250
: :mn(1)[GeV]

KILC12, Daegu

Endpoint analysis

Koji Tsumura (nagoya univ.)
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471, Channel ©: T Ty T, T, @ILC500 (an example)
Az event analysis | HA I VV _|_ ¢ || 5 (1005 |
I[ _ Pre-selection 300. [ 10.6 [ 1.2 38. :
1<z a<1 [ 251 [ 62 3%
(my)rr £20 GeV || 238. || 1.8 | 0. 43.

oM.,

—

_ : 1
| — -I-I-lir;

—
300

--1-- o

2100 SRR LRI : 2 E
[ - - =uEE EEe ] & i
o omml Emmst .. s s
--unmill TR O 3 3
50 c--nnEEEENEGENE = - - - | E E
-smEHENE EE= . = =

i EEER r ---:- . DR

_II II [ | I 1 I!I 1 I 1 !I 1 I 1 1 1 I- TjTj(l)
00 50 100 ! 150 ° 200 250
: : m. . (1) [GeV]

KILC12, Daegu

Endpoint analysis

Koji Tsumura (nagoya univ.)

7 @ILC500 (before collinear approx.)

250

Similarly to LHC14, masses can be
determined by endpoint analysis.

M’TjTj @LHC14

23



4Ty, channel : Th Th Th T, @ILC500 (an example)

47y, event analysis || HA || VV | ¢t || S (100 fb~1)

A== Bre=selection - L300 J 106 [ L2 [ __38 ___],
0 S Z1—4 S 1 251. 6.2 0.1 38. :

T, )7 T20GeV ™ B8 1™ T U~ "487777T

o M., > collinear approx.

M’FjTj (2>

= 250
A
st 300. 2 o280
Y I R E N - .
SO ] < 200 —
S S R ] E
LE N D D2 S A AR N -
F o liimmmEeeses o] ] - S L
o liim TR : | 1501 LT
aom T EEEER 3 3 | ]
: . ; . ..=..
.......... . "o
] - : EERRREN
100_— e, o
] e~ C ]
250 b~ T
m...(1) [GeV] - , - L
M (1) E 50— o
T;Tj

5000180 200250
We can see TT invariant mass distributions. Mrr(l)

We can directly probe scalar pair productions.

KILC12, Daegu Koji Tsumura (nagoya univ.)
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Summary

o Type-X (leptophilic) 2HDM is interesting.

o Light scalar bosons are allowed by experimental data.
o Scalar bosons mainly decay into .

o Mulli tau lepton signatures at colliders
o DY production & H/A 2 1t

o 4t signal @ LHC14 w/o collinear approx.
o Endpoint analysis for mass

o 4t signal @ ILC500 w/ collinear approx.

o Invariant Mass analysis

m..(2) [GeV.
N

o Directly probe pair productions T o Ee

100

50

R | T TR
KILC12, Daegu

Koji Tsumura (nagoya univ.)
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Back up

KILC12, Daegu

Koji Tsumura (nagoya univ.)
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p-parameter

o Inthe SM (fop-bottom, Higgs-gauge loop)

3G rm? 3G rm?2s? 2
Ap, — L Ap, = — Z5W (111 mh 5)
[ pt 8\/§7T2 ph 8\/57‘('2 m%/V 6

o Inthe 2HDM (in addition, Higgs-Higgs loop)

e G )
APCI) — 8\/57'(’2 [FA (m%ﬁ:) mi) + 8%—aFA(m%Ii7 m%[) T c%—aFA(m%Iia ml21)
+ s5_o Fa(my, my) + cg_o Fa(m},mj)]
m2 + m?2 mam? m?2
Fa(mi, m3) = 12 : - 21_22lIl ;
\ my—my My /

Typical solutions

(1) mpys ~m, A
2) Mpy+ ~my with sin®(8 — a) ~ 1
\3) Mmyse ~m, with cos?(8 — a) ~ 1/

KILC12, Daegu Koji Tsumura (nagoya univ.)



Direct search limit for scalar bosons

—

T T | T T T T T T T T H
F LEP ]
- (a) Vs =91-210 GeV ]

r —— Observed
---- Expected for background

Higgs Bosons — H? and H*, Searches for

The limits for H? and Ag refer to the my'® benchmark
the supersymmetric parameters.

H® Mass m > 114.4 GeV, CL = 95%

|
[e—
TT

95% CL limit on &’
=

H'i' in Supersymmetric Models (m o <m o) P
1 2

| | | |
................. 20 40 60 80 100 120

Mass m >, 92.8 GeV :CL = 95% my(GeV/c")

.

- .
L] .
------------

.........
.......
*

.

@
oy .
-------------

HE Mass m >79.3 GeV; CL = 95% e Ny

. *
.......
-----------

See the Particle Listings for a Note giving details of Higgs
Bosons.

KILC12, Daegu Koji Tsumura (nagoya univ.) ge



b—osy

In addition to C7W (SM W boson loop), Constant for wide range of tanb.
+ 1 m? 1 m?
C;[I :2\/§GF{ 5 F( 2t )—I— tan,fBG( 2t )}
tan® (3 My tan 3 Myt
' - . NLC Type-Il
o

mH+ > 300GeV
Light H+ is disfavored for Type-Il.

[ ]

chargino—stop loop can cancel this contribution in MSSM
= Light charged Higgs boson is still possible for MSSM.

KILC12, Daegu Koji Tsumura (nagoya univ.) %



b—osy

In addition to C7W (SM W boson loop), small contrib. for tanb>2.

+ 1 m; 1 L mi
CH — V20 F t ; G t
7 V2Gr {tan2 B (m%i ) N tan 3 tan [ (ml%li ) }

Type-X

Light charged Higgs is allowed
for Type-X in tanb>2.

KILC12, Daegu Koji Tsumura (nagoya univ.) &0



4 types of Yukawa int.

o 4 independent combinations of Z2 charges

_ Oy | Dy |up | dp | bp QL
|Type—I + | - - - | - + |
Type-ll | + | - | - | + |+ | +
Type-X || + | - | - | - | + ] +
Type-Y || + | - | - | + | - +

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

Fermion masses are generated onlv from &2

(may relate for Ma model,...<®1>=0) v v v
HoA 6

vy — Xﬂ/[\ < I/E
N AN

KILC12, Daegu Koji Tsumura (nagoya univ.) 31



4 types of Yukawa int.

o 4 independent combinations of Z2 charges

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

oType-X: gauged type-lll seesaw

Higgs bosons distinguish quarks and leptonsl!

Extra Higgs can be leptophilic (fan[3>3)

KILC12, Daegu

Koji Tsumura (nagoya univ.)



B — tvin2HDMs

Hou, PR D48, 234 (1993), Grossman, Ligeti, PLB332, 37 (1994)
Aoki, Kanemura, Tsumura, Yagyu, PRD80, 015017 (2009)

o In 2HDMs, charged Higgs boson conftrib. can be important!

-

®<

[

BSM

Bugd “f‘ S
u
7
[32HDM 2 2

m
~ |1 - sz Eale
H=* A

50
Botrv
200 in Typa II
@ o
g 300 .
& 200
100
10 20 30 40 50 &0
tang
& 3 ¢
Type-l || 1/tanf | —1/tanp | —1/tan g
Type-II | 1/tan 8 tan 3 tan 3
Type-X || 1/tan g | —1/tan g tan 3
Type-Y || 1/tan tan 8 —1/tan

KILC12, Daegu

tan?g enhancement ! \
well known stringent constraint
on SUSY(2HDM-II) charged Higgs

No constraint on 2HDM-X.

Koji Tsumura (nagoya univ.) 33



Barger, Hewett, Phillips, PRD41, 3421 (1990)

Other flavour constraints e

e

ob—osy almost tanp indep. for 2HDM-II.
Type-ll Hi_2\/_{( ~ ) (mfnfi)-l-(tanﬂ)tanﬁG( )}
TypeX  Of =2v2{(z5)’ (m“gg+<tailﬁ><t;5>e<m"§;>}

@ w 7 No constraint on 2HDM-X.

500

b ’ \ < .
N, & _ Eeju;‘v
p u,d 400t in Type II & X
> 300 @2
o T leptonic decay 3 )
= e
v & 200 y
T > | 5
@ f................................: 100 LEP:79.3GeV
“ :lightcharged Higgs : 7~ ~ ——
< : (m,, ~100GeV)
v }is allowed for Type-X : 1020 30 40 30 60

.................................. tanf

Aoki, Kanemura, Tsumura, Yagyu, PRD80, 015017 (2009)
4
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4 T lepton signature

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

T+ 4T, T, Ty T 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%)3
i 41 L L L L ~(35%)*~15%

 more tau-jets, the larger branching ratios
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