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1. Introduction

L HC iscoming soon!

We are expecting the evidence of New Physics (New Particles)

Ex) SUSY, Extra-dim, Little Higgs...

A class of New Physics M odelswith B-L gauge symmetry
(Pati-Salam model, SO(10) GUT,...)

See-saw mechanism - tiny neutrino mass
associated with B-L symmetry - many exotic particlescarrying

B& L numbers

|f exotic particlesarelight = productionat LHC

New possibility: color sextet Higgs (diquark Higgs)

associated with B-L symmetry breaking




B-L breaking scaleisthe see-saw scale ~. 101114 Gev/,

so that exotic particles have mass around the see-saw scale

How can some exotic particle belight?

- inaclassof SUSY Pati-Salam Models, such particlescan arise as

NG bosons through accidental global symmetry dueto supersymmetry

Chacko & Mohapatra, PRD 59 055004 (1999)
Dutta, Mimura & Mohapatra, PRL 96 061801 (2006)

baryon number -2/3
color sextet

Diquark Higgs< mass around 100GeV-1TeV
R-parity Even - resonant production at LHC

playstheimportant rolein 5, — 5, oscillation
\ \

Talk by R.N. Mohapatra




2. Brief overview of model

Gaugegroup:suU(2); x SU(2) x SU(4),
Matter: «:(2,1,4) ®v¥°: (1,2,4)
Higgs: ¢1:(2,2,1) ® ¢15 : (2,2,15) for fermion masses
A°:(1,3,10) d A°: (1,3,10) tobreak B-L symmetry

Q:(1,3,1) to reduce too many global symmetries
S:(1,1,1)

A S(AYAC — MR) + u;Tr (¢ih;) + AcQLACAC
= h1Yp19¥° 4+ his 159 + fY AYC.

SIS
|l



B-L symmetry breaking: (A€), (A€) £ 0

SU(3),
AC:(1,3,10) 6 (Due) Dyeas, Dgege
3. A cpe, Dycec, Adcyc Adcec

1: <AI/CI/C> = vB_[, Aycec Dycye

SU(2);, xSU(2)p x SU(4), — Gy

Wy D fY°A“Y® — fop_ vv° : right-handed neutrino mass

Global symmetry in the Higgs super potential
U(10,¢) x SU(2) = U(9,c) x U(1) :21NG modes

9 eaten, leaving 12 d.o.f. 2 Diquark Higgs
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v .
> ma ~ Mg JS—L — 100 GeV — 1 TeVv With vp_; ~ 10! GeVv
Ps

Coupling between diquark and fermions

Wy D fYCA%Y = fijDyeye uus
Diquark Higgs: couplesto both up-type quarks
baryon number -2/3
color sextet
mass around 100GeV-1TeV
R-parity Even



3. Phenomenological constraints on Yukawa coupling

WY D) f¢CAC¢ — fijAfu,C?_Lc U;‘:uq

J

Only up-type quarks areinvolved

Constraints by rare processes

p° — PO mixing

D — 7w

C

u f11 f22/c

1/(mp)?
u® c
“ J11 f1o” “
........... <
1/(mp)?

For ma ~ O(100GeV)

Severe

fl1foo $4x 1078

\

Joo — 0

Mild
f11f12 S 4 x 1072




4. Collider phenomenology

It ispossibleto produce Diquark Higgs at hadron colliders

through uu or anti-u anti-u annihilations

u, c, t ut Ak C cC 1C

- f11 fij
w1 fij N, e, t u® TNl el te

»

We concentrate on the final states which include

at least one (anti-) top quark

Top quark with massaround 175 GeV electroweakly decays

before hadronizing, so can be an ideal tool to prove new physics!




So, our target is { uu — Ayeye — ttOr ¢t 4 jet

uu — ZZCUC — tt or f-'-_]et

These processes have no Standard M odel counter part!

As a conservative studies, we consider ¢ pair production

In the Standard M odedl as backgrounds

To measurediquark mass (final state invariant mass)

_ 4 /b

Ayeyc W ¢+ > topquark identification

- - \@/

\ jet  difficult to tell top or anti-top?




Basics formulas

uu — Dyeye — ttor t +jet  (aa — Alcye — Tt or T+ jet)

do(uu = Byeye = 1) _ |11 |f33>  5—2m7 \/1 _4m?
dcos @ 167 (5 —mA)2+mAle, s
do(uu — Dyeye — t + jet) _ ]f11|2 (|f13|2 + |f23|2) (58— mtz)2
dcosé 87s (8 —mA)2+mATiy

No angle dependence

with thetotal decay width asthe sum if each partial decay width
3

M(Ayeye = uu,cc) = ——|f11.00]° ma,
167
_ 3 4m? 2m?2
F(Dyeye > tt) = ——|fz3l*may|1——5- 1 - =55
167 maa LN
_ 3 .
r(AuCuC — uc) — —|f12| mma,
8
2
_ 3 m2
r(Aucuc — 'u,t,ct) = 8—,f13’23|2 ma (1 — é) .
78 MA



AtTevalron: 5 (pp — wju;) = /daclfdwzfdcos 0 fu(x1, Q%) fa(z2, Q)
" do(uu — Aucuc — uiuj; 5§ = 33195'2E%|\/|5)
dcosé
AtLHC:

o(pp ;) = [da1 [dws [dcos6fu(ar, @) fulw2, @)

do(uu — Dycye = ujuj, 8 = xlsz%MS)

X bl
dcoso
do (pp—uiu;) /dcosf)/Mgu dz1 2Muiu,
iy 1B s
BEMS ;
M do(uu — D, c,c — WU,
X Fulan, Q2 fy i 2| % wus ¥ Uithj)
mlECMS dcosf

do (pp—uju;) Ecms 12
dcos@ dMuiuj Magu; dry
E2

CMS

2 My, MZ do(uu — Ayeye — u;u;)
x o fu(@1, Q) fu | 5 @ R

* We employ CTEQSM for the parton distribution functions (pdf)




Analysis|

0.3 0 0.3 L |
Example fij=| 0 0 0 satisfiesthe constraints

0.3 0 0.3 from rare decay process

Tevatron bound on Diquark Higgs mass

Top pair production cross section measured at Tevatron

o(tt) = 7.3 £ 0.5(stat) & 0.6(syst) = 0.4(lum) pb

— o(pp — Ayeye — tt,ut) < 1.5pb
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Differential cross section as a function of theinvariant mass @ LHC
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Diguark hasabaryon number & LHC is pp’’ machine

2> o(tt) > o(#), o(t+jet) > o(t+ jet)



Angular distribution of the cross section @ LHC

do/dcoso (pb)
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Diquark isa scalar = No angular dependence

SM backgrounds—> gluon fusion = peak forward & backward region



Analysisll: typell see-saw dominant case

When we impose left-right symmetry on the model
-2 A° isaccompanied by A : (3,1,10)

W = fioDip D fup Ay

Assumetypell see-saw dominance 2 m,, = fup

Direct relation between collider phenomenology and neutrino
oscillation data!

0.27 —0.48 —0.47
EX) f;=|-048 0 -038
—0.47 —-0.38 0.2
Thiscan fit the neutrino oscillation data
Am3,=8.9 x 1072 eV?, Am3; =3 x 1073 eV?,
sin26;, = 0.32, sin226,3 = 0.99, |[Us|=0.2, vr=0.1€eV

Only theinverted hierarchical caseis possible




Tevatron bound on Diquark Higgs mass

Top pair production cross section at Tevatron

o(tt) = 7.3 £ 0.5(stat) + 0.6(syst) + 0.4(lum) pb

— o(pp = Ayeye = tt,ut) < 1.5pb
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Differential cross section as a function of theinvariant mass @LHC

ECI\/IS = 14 TeV
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Diquark hasabaryon number & LHC is pp’”’ machine

o(tt) > o(tt), o(t+jet) > o(t+ jet)



Angular distribution of the cross section
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5. Summary

L HC iscoming soon. We have been expecting the discovery of new
particles (New Physics).

We have discussed a new kind of TeV mass Higgs boson (diquark Higgs)
that arisesin a class of Pati-Salam models with accidental global symmetries.

Several uniquefeatures: ( color sextet
2 carrying baryon number

couplesto only (right-handed) up-type quarks
_ R-parity even

We have studied the resonant diquark Higgs production at hadron collider

@LHC sizable deviations from the SM backgrounds

asymmetry for top and anti-top production cross section

no angular distribution
only right-handed top couplesto diquark Higgs




