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i Higgs Triplet Model (HTM)

Cheng, Li (1980);
Schechter, Valle, (1980);

e bW/ RIEIEFERY - Magg, Wetterich, (1980);

Mohapatra, Senjanovic, (1981).

SU(2) doublet & & triplet A
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4 (Doublet) + 6 (Triplet) — 3 (NG boson) = 7 (Physical)

H>-—, H- H, A, h



i Higgs Triplet Model (HTM)

e Higgs potential in the HTM :

V = m?®'® + M>Tr(ATA) + [udT i AT® + hic)
+ A (DTD)2 4+ N, [Tr(_ﬂ.T&)f + A3Tr [(ATA)?]
+ M (PTR)Tr(ATA) + A PTAATD.

|+

e Yukawa coupling of Triplet field :

Ly = hi;Li¢ity ALY +h.c. h.

— “Lepton-number” 27, 3EIEFICE YIRS,



i Higgs Triplet Model (HTM)

e Higgs potential in the HTM : lepton-number Z 8 5 B {EFB

V = m2dTd + ﬂIQTl‘(&Ti) @Tﬁ'ﬁ@ h.c.]

+ A (T0)2 + Ag [Tr(ATA)]” + N3TT [(ATA)?]
+ M (PTR)Tr(ATA) + A PTAATD.
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3EIFIGL. Treelevel TPINTA—BFZEZ 5,

e The Electroweak p-parameter in the HTM :

12

V2 + 2?)2A

0= where 0% = (v3 +va) = (246GeV)?

Experimental constraints:

Pexp — 100041_88883 — va < 3.5 GeV
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Mass Spectrum of Triplet bosons

 Mass spectrum of triplet Higgs is determined by the sign of A :

Under the condition of vA < v

Casel (A > Casell (A <0)
Mas®) 4 __  Mass 4
—~+|A,H +| H*
—— H+ —— H"‘
—— H‘l“l‘ ——— A, H

degeneratedcase: (\s=0) Mpyg4++ =My =My = M4y



Couplings of Triplet Higgs

W+ W+

(553 )
______ \ H+t=====: o T p—

i +
. He W+ | |

Gauge VEV Yukawa

|

Decays of Triplet Higgs

(with Left-handed leptons)
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Decays of Triplet Higgs (H**)

Chakrabarti, Choudhury, Godbole, Mukhopadhyaya, (1998);
Chun, Lee, Park, (2003);

Perez, Han, Huang, Li, Wang, (2008);

Melfo, Nemevsek, Nesti, Senjanovic, (2011)

FRIEDIE L (L. VDIEIZK > TRELELRT D,

I_(E"'E'I') 0.8 1/?)2A (hw X 1/”UA)
BEENHD LML,
r(WTWT) « vl H™ > H*W+# 3 <

| Decay of H** \

mH*" - mH"

Case |l

leV 0.1-1 MeV 10 GeV




H**in the other models

Doubly-charged scalar bosons

I Doubly-charged scalar bosons: Signature for the non-minimal Higgs sector.l

I=0,Y=2: §== Zee, (1986); RO
— Zee-Babu model Babu, (1988) /s @ NS
1
[ | |
' + W Irr_ | f.‘? fll;h | 'rL L
Illt. €R€RS —I_ Ly Ch
& g
& I1=1/2,Y =3/2: (1)) - Rentala, Shepherd, Su (2011); FYSRETT B
~¥ & Aoki, Kanemura, KY, (2011) ek,
— Radiative seesaw model o N o
S "'
1 — HTT Lol My, \
; . Y — ¥, ) o - yr f
Int. N LG - @ Py 12bR P3/0= P+ oy g 8 i
N\ i
& 53 T Cheng, Li {1980); )
I i 1‘ Y i 1' A Schechter, Valle, (1980); {dj}:w._‘ L - -'{d’j}
— Type-ll seesaw model NS ey ~y
TN ra
C A= v ——t—s
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e Same-Sign Dilepton searches at LEP, Tevatron and the LHC

e Searches for inclusive S.S. dilepton events
e Look for the peak in S.S. dilepton invariant-mass distribution

e Mass bounds by assuming 100% Br for ee, emu, mumu, etau,,,

CAMELT R UAIcEETS  LEP :M>100 GeV
BED., BEITx9 HFIE : Tevatron : M > 150 GeV

LHC : M > 400 GeV (FREFH T)



ATLAS, Eur. Phys. J.C. 72 (2012),
7 TeV, 4.7 fb1
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o(pp — H™ H )x BR(H™ — put) [fb]

Ldt=4.7 o

Js=7TeV
el ey

T ‘ T T T T | T T T T
—— Observed 95% CL upper limit

---- Expected 95% CL upper limit
[ Expected limit + 15
[ Expected limit + 2

<

100

CMS, EPJC72

7 TeV, 4.9fb!

|
200

IR (R
300 400

Benchmark point

CMS, Eur. Phys. J.C. 72 (2012),
7 TeV, 4.9 fb?
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il T 1 il 1 1 B!

| == Expected limk (pairproduction) ||
w== (Observed limit (pair-production)
— Pair«production cross secfion

EE LR
Mass of 0=* [GeV]

Combined 95 % CL
limit [GeV]

B(®@ T 5> etet) =100 %
B(@TT 5> etu™)=100%
B(@tTT = et =100 %
BT - utuv) =100 %
BT > uttH)=100%
BT > 1t =100%

444
453
373
459
375
204
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Perez, Han, Huang, Li, Wang (2008);
Chiang, Nomura, Tsumura (2012);
Kanemura, KY, Yokoya (2013)

WWERRIE S+ 1) A 1239 5 IR

e Equally important decay mode as the dilepton mode.

e No experimental bound has been studied so far.

e Characteristic signatures are also “S.S. dilepton plus missing”.

mH* - mH"*
£+
Case ll
V
£+ VA
Case |

vV

leV 0.1-1 MeV 10 GeV



16

WWERIE S A DIER

Form,,,>2m,, B(HTT) ~ B(WHBWT)

(m,,.<2m,, Tl&. BEEh D, )

¢ S.S. dilepton : (2/9)%? ~ 5% fy
o Jets : (2/3)% ~ 44%
e Tau + X :~17/81~ 20%

e letZ ELHRIEMN-K SAHLIN. FHBILZDIL ”S.S. dilepton + Missing” BRLE .
(FRAFOERMNAENDS, )

o BRIE U LAY ~Br(W)*Br(W)IZZE 2 TULNA Z &A. WWHEEEDEEHRL,



Bound from LEP

LEP I: Collision energy is mZ
Precise measurement for
the Z boson decay width.

[ (exp) = 2.4952 ’

z

e e
&+ 0.0023 GeV M

,(SM) = 2.4960 £ 0.0002 GeV

e If Z-boson can decay into H**H™, it gives

sizable correction to the decay width.

G m2 42
rp(HttE=—) = 2021 242)2 (1 _ _HTT

omV 2

2

my

1|1 S

20

17

)3/2

10

m Ly > 43 GeV

e Solid constraint which does not depend on the decay of H*".
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Bound from LEP (4 lepton events) :

L3, Phys. Lett. B576 (2003), 206 GeV, 624 pb™
LEP II: Collision energy is up to 209 GeV

1 L
4 lepton channel search :

Excluded 95% CL

HY su pt i

m+
s
+
+
T~
ofe'e <H"H ) BR(H" -4’ Y{pb)
3
I =

/ K
, am
Z k g e - S E
/4 % ﬂ " o 4

v 10
\ F - - = od
a H-— H % b ﬁq':xl-lrfﬁ:;} \.h:EFlE Gial/ |
60 80 10
m,, (GeV)

e Constraints in dilepton decay modes : m,,,, > 100GeV

 For diboson decay, no constraint can be obained due to the suppression Br[W>lv]*.
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e There has been no dedicated searches at LEP for this scenario

e Exclusive 4-lepton searches

— no bound due to the suppression by [Br(lv)]*

e Searches for S.S. dilepton (inclusively or with jets) are desired.

e Careful analysis for hadronic events must be considered.  work in progress

(Thrust distribution, Thrust axis distribution, fat jets events)
jet
d CcOs 6

x Sin< 6

jet



LHCT—43 %

LY 1] 153

ATLASSEE& (X, LHC/s=7TeV, L=4.7fb 1 DT —R ZRHALT
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BIfFSEL T oA BREOMEEICEREEZS5Z -,
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“NhE,. HTIMOWWHRES F U A Th.
BIFAESLT O ERBREO"EMEEE LR T S,
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JHEP1212,007

95% C.L. upper limit [fb]

prpt
m > 15GeV || 15.0153 15.2
m > 100GeV || 84732 7.9
m > 200GeV || 3.575% 4.3
m > 300 GeV E.Ofg:‘g 2.1
m > 400GeV || 1.5790% 1.8

expected ‘ observed

oerr.(TuT) = oror (HTT) - B(HTT
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LHC T A B mE*E

Akeroyd, Aoki (05),
Akeroyd,Chiang,Gaur (07) .,,
* Doubly-charged Higgs Production at the LHC

pp— HYTH — 4+ X
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eNFADOASAF—TOREKEEDEE

ohaa() =3 [ ar () - 515(Q2 = 7s)

dL;; dx

I\N— I/ VT4 d—(’T LLF) — /?f%/p(x,/va)fj/p(T/lC ,U,F)
IN— R
IN— R UEELBRRIL. QCDDESFHEZANTEET 5, W AFERT =
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543(Q%) = G45(Q%) + ——7554(Q% nE) + -+ .
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LYy

- T EFE D NLOFE 1IE
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, 5 5 ok NLO 1
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Otot —de—(T nr) - 50(Q%)

NLO : otot —/dT—(T np) - 51(Q%, s, as(pr))

N R — JUREHED

LO, NLOMEF@X’T Mak#‘li‘t

- LHC7TeV Q/5<p, <5Q

T --LO
— NLO

50 100 150 200 250 300 350 400 450 500
m,,,, [GeV]

cancelation =3,

LOIZ I, LEEBRBIRELATEX,
NLOTILX. R —IJUERGFEHEIFLT S,
ZELI-FEE

PRECMELITTELS. FEELED
THCEN, BRAEZEDH IR,
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 RHEMIEDRTDL Y

BHEBOTIETHUR: |nul <25, pr > 20 GeV

NSO RERETOHDHY b My > 15 GeV

MadGraphZ AL T, pp > H*+X > ptur+X AN FZ&ER L.
INoDHY FMIE2TARY AR LEIEZREL 5.

Mass [GeV] |40 60 80 100

Acc. 0.01 0.12 0.22 0.23

M, cut 0.78 |0.94 [0.98 |0.99
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BT S 125% (NLO) [10% (LO)]
DAEHEZERE,

2
=

4.7f1DT—7AR T,
m,,,,>60 GeVDHlfR %= #&1=,

[a—
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20fb DT —43 THHIRE %

NaIck-TREL S L&

85 GeVEX CTEIET S RAH,

(7Tev—8TeVD

0 S0 & 0 "m0 o0 100 HEBEOHEMZEEET D, )
m, . |Ge V]

Cross section [fb]

Zhik. LHCT—42 ZAUVE=. WWHEOSFYATOHDH TOFHIE.
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e Ew I RIEIEZEE (L, EEBRENE YT RAKRFEEL.

EvIREIF3—DL D TILEHRERD—D,
3SEEIBOEFXHFEIZE->T, Za—FMJ /EBENREHINS,
—a—hr)/BE=TH. FINHEEEREEEGZU DTS,

ZCOEROEBHMLGHRFOEREE v I RAFIL,
RIFEDOL T koA, WRY UxtICERIET 5,

e ERBE VI RFFDIEREIX. TNFET. AFBEL T FoAAD
FRIRIBFE TOAITHN TV =, (m,,,>400 GeV)

o LHC-ATLASERDRIFEL T F oEROT—2 #RHWT,
WWRRIR COHDEEDFIR Z 5 71-,
m,,,,>60GeV (7TeV, 4.7fb%)
m,,,>85GeV (20fb ! by extrapolation)






