TR 7111k 2%

Higgs phenomenology of the
supersymmetric grand unified theory
with the Hosotani mechanism

Mitsuru Kakizaki (University of Toyama)
October 23, 2012@University of Texas at Arlington
e In collaboration with
Shinya Kanemura (U. of Toyama)
Hiroyuki Taniguchi (U. of Toyama)
Toshifumi Yamashita (Aichi Medical U.)
e Work in progress

i 23' i -




Contents

1. Motivations
2. Model of Supersymmetric Grand Gauge-Higgs Unification

(GHU)
3. GHU Predictions of the phenomenology of the Higgs sector

4. Summary

October 23, 2012 Mitsuru KAKIZAKI




1. Motivations

o Conventional grand unified theories (GUTs): M, ~10"°GeV

e Decoupling theorem Verifying GUTs is difficult
o Tests of GUTs rely on relations among coupling constants

o Supersymmetric Grand Gauge-Higgs Unification (GHU):
(Hosotani mechanism Doublet-triplet splitting)
[Kojima, Takenaga, Yamashita,PRD84,051701;Yamashita,PRD84,115016(2011)]

e The existence of new light chiral adjoints is predicted:
Color octet superfield: O(8,1,0)
SU(2) triplet superfileld:A(1,3,0)

SU(2) singlet superfield:S(l,l,O)} The Higgs sector is extended

October 23, 2012 Mitsuru KAKIZAKI 3



2. Model of Supersymmetric Grand Gauge-Higgs

— Unification SGHUZ

e Higgs particles: | -
H,01,2,-1/2) A(1,3,0) 4 CP-even scalars:  n,H,S?,AY

H(121/2)  S(10) 3+1 CP-odd scalars: 4,5°A%,G
o 3+1 charged scalars: g+ A= A*.G:

o GHU Higgs potential:
W = pH, - Hy + patr(A?) + 2 552 4 ¢5S The properties of the

+-/\AHAHd+/\SsHHd<" MSSM Higgs bosons
..................................... are affected

Vi = iy, |Hal? + i, | Hal? + 2 tr(ATA) + m2|S]?

9, B :
+[BupuH, - Hi+ Bapatr(A?) + ?2“5 S?
+AAMH, - AH; + AsAsSH, - H; + EsS + h.c.]

o Features of the GHU.:
A(1,3,0) S(1,1,0)0D 5% component of the gauge boson

e Trilinear couplings among A,S are absent
o A, A, are related to the gauge couplings
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Running of coupling constants

e The existence of 0(,1,0), A(1,3,0) would spoil the successful
gauge coupling unification (GCU)

o Extra vector-like matter multiplets are needed for GCU:
2xL(1,2,-1/2)+U°(3,1,-2/3)+ E“(1,1,1) @ SUSY scale

o Unification of the coupling constants:
Ay =2N5/3As=g,,, @ GUT scale |

2.5
21

v
jy=1.1 A =026 @ Weakscale |

i

05 f

O I 1 1 1 1 1 1 1 1
O 2 4 6 8 10 12 14 16 18
October 23, 2012 Mitsuru KAKIZAKI logo(W/GeV) 5




3. GHU Predictions of the phenomenology of the

_____Higgs sector
e Mass of the light Higgs boson in the MSSM:

ImA 2 A2
m} ~ m?% cos® 23+ b [ln 5 + 4 ( l—t)] 135 F
t L

2202 | m?2  m? 2m?
MSSM Higgs Mass 130
140? N 125
[ X, = V06 ny -
130t 1, - 124-126 Gev Z 120
; '::::::::::'":----:"':::--_:I::::::::Z::::::::::::: O C
é 120t S st
X3 i [
£ 110} ot
100 Suspect -
FeynHiggs | 105 ¢
90 " 1 L 1 PR S BRI | . : 1 1 1 1 1 1 n:
200 300 500 700 1000 15002000 3000 2 5 10 20 50 100
m;, [GeV] Ms [TeV]
[Hall,Pinner,Ruderman, [Draper,Meade,Reece,Shih,

JHEP1204,131(2012),arXiv:1112.2703] PRD85,095007(2012),arXiv:1112.3068]

To obtain a 126 GeV Higgs boson is not easy in the MSSM
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GHU predictions of the mass of the Higgs boson

o Predicted mass of the light Higgs boson in the GHU:

2202

I 2 A2
mj ~ mycos> 23 + Tt [ln 2+At< —t)] }MSSM

2
m?2  m? 12m;

1, 1 A=1.1 A, =026 mg,. =2TeV

+—/1§vzszﬁ +-A5v%s3 s

2 8 - - - - -
Contributions from §(1,1,0) A(1,3,0) '® k -
Xi = 2.4 mgysy

—

130 X;HU

N

<
m;, (GeV)

120

\
7 F.F N 110 | SS X=0
/ S 5 A N\
h’ Mh
d d 100 b - - ' '

A 126 GeV Higgs boson is realized

without a large mixing (in particular for small
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Mass spectra of the MSSM Higgs particles

e Mass of the charged Higgs 008 | Ay=1.1
| Ay =026
miys = mis|ussm(l + 0p+)? "
| /\2 /\2 % 0.04
A mf1 + mi?V — 751/‘2 + ?sz 0.02  Triplet + Singlet

0

for heavy triplet and singlet bosons _ 1 Singlet
Mass shifts: O(1)% ~ 0O(10)% -0.04

200 250 300 350 400 450 500

o Mass of the heavy CP-even Higgs: s (GeV)
my ~ my|ussm > my|numssm  for heavy triplet and singlet bosons

Very small mass shifts: <1%
e N.B. For lightS,A,the order of the masses is altered via mixing

e Accuracy of LHC mass measurements: a few %
[see e.g. Assamagan,Coadou(2002)]
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Couplings of the SM-like Higgs boson

23 )
e Deviations from the SM values: g(hAA)/ g(hAA),,, -1
» Large Mm,,Mmg scenario g(hAA)/g(hAA) | g-1 LHC/HLC/ILC/ILCTeV
0= | | 4350 0| | | | | |
8 +58 .
i + 50
6
4 o |
2 + 1.
P 0 - - 0 e T Il TI T “I II
. -15 —-0.9 1 1 l| | )
2 F—-20
—-3.2
-4 _ 01
O —-66 .72 &
8t :-313:07 511 «2f W Z|b g y Tt c "t inv |
-10 L~ ' ' : : : : : :
veav. [Peskin, 1207.2516]
NMSSM: Ay=1.1 2A;=0.26 Asmssu =0.6  tan By, =10 tan S, yyoqy =3

GHU: ——  m, =126GeV m,=u, =150GeV mg, ., =2TeV

We can distinguish models using LC precision measurements
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e Benchmark mass spectrum of the Higgs sector:

GeV

Masses of the Higgs bosons for light $.A
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| o Small soft triplet and singlet masses
| Mixing between the MSSM
and new Higgs bosons

Ay=11 A;=026 tanf=3
U =180GeV u, =330GeV ug =150GeV
m, =100GeV ,m; =300GeV my,, =2TeV

CP-even

CP-odd

Charged

o E.g. Expected charged triplet channel at future linear colliders:
e'e” = A*A* — bt

October 23, 2012
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via large H* - A*(A*) mixing
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4. Summary

o We have explored the Higgs phenomenology of the
supersymmetric grand gauge-Higgs unification (GHU)

e The predicted values of the Higgs sector observables
deviates from those of the SM and MSSM by O(1)% ~ O(10)%
e Future linear collider can directly probe light extra
Higgs bosons

By combining LHC and LC Higgs studies,
we can differentiate among the varieties of new physics

e The GHU is a good illustration to show the capabilities of
colliders for testing GUT scale physics
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Higgs sector in SUSY extensions

e Higgs doublet 4 higgsino doublet (chiral fermion)
Two Higgs doublets are needed for anomaly cancellation

o Higgs chiral superfields:
e (h,h) (1,2,-1/2
(B k) ( ) } VS
o (hyhy) (1,2,1/2)
o Singlet Higgs (NMSSM), triplet Higgs, ....

e Higgs four-point functions:

R hy h.h,
N /
g1,2 \/-——-< g1,2 + EEn

hohi Pvs N,
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MSSM Higgs potential

Vi = (ul +my)| Hil* + (ul® + miy) | Ho|* — pBeij(H{ H] +h.c.)

1 1
+ 5)\1(’4’11)2 + 5)\2(’1-5’12)2 + A3(hihq)(hShs) + Ag(RIe"h}) (hT ehy)

1
+ {§A5(h16h2)2 + [)\6(’11’11) + )\7(h'£h'2)](hl€h2) + h.C.} 3

where
my = |l +m%,l, my = |l +m%,2, m3 = Bu
+
A2 = g2 1 91 + Al2, A3 =—"—"F— g 1 91 + A3

Ay = 922 + AN, Aser = AAs67. MSSM Loop

October 23, 2012 Mitsuru KAKIZAKI 14



MSSM Higgs sector

e EW symmetry breaking: (H{) = 7 (Hp) = % tan f = —
: 0
Re(h).Re(h)) mix: () = (v sone) (1)

—SIN@¥ COoSK

e Mass eigenvalues:

l MZM? cos? 28 + e(M? sin? B + M2 cos?
MI%.H=§(M%+M%+€)|:I;‘/1—4 Z A B +eMy B Z B)

(M3 + M3 + ¢)?

500 T — l
MSSM loop Mo [Gev]

e Independent parameters: ok
MA tanﬁ (8) 200

m, =126GeV One parameter is fixed s

f«‘lﬂ,‘f = 3 —
tﬂnd::}ﬂ -

e Decoupling limit: M, — large 00 ™
p—oa+m/2
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Estimate of the light Higgs mass in the MSSM

(126GeV ) (91GeV)’

m} ~ m? cos” 23 +
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m? A2 A2
1 t t 1 — t
[n m? " m2 ( _mmg)]

MSSM loop

u\ t;/u

h

/ N\

h h

u u

[Okada,Yamaguchi,Yanagida;
Ellis,Ridorfi,Zwirner;
Haber,Hempfling(1991)]
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Light Higgs mass in SUSY extensions

hu h hu Y hu
N u \ 5 5 /
\ ’ S
m2 — 81,2/----( 812 + } MSSM
/ wa 7
' N /z hu hM hu
+ 2 ;-ﬁ--( A
. ¢, s N h e F-term contributions:
)’ 7 e.g.) NMSSM, Triplet Higgs
/AN DZ' 7 ! . .
+ g;;---.< 8y e D-term contributions:
h? Mh e.g.) U(1) extended MSSM
h '
oy 2 LN e Loop contributions:

Ty @ e.g.) Vector-like matter
N\
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NMSSM (nMSSM)

o Particle contents: MSSM + Singlet §

_ M?
o Superpotential: W = Wyssm + A\sSH Hy + pH Hy + —2

2
o Contributions to the Higgs mass: .\ o Higgs Mass

52

ol ' 1=06,07 ]

- = 1200, 500 GeV |

hu\ V4 hu :\\\ In{ X=O 1
\ 4 130p N my=124-126 GeV ‘

Tan B
[Hall,Pinner,Ruderman,JHEP1204,131(2012),arXiv:1112.2703]
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SUSY searches

MSUGRA/CMSSM: tanf = 10, A =0, 1>0 " =47f" CMS Preliminary Lint =4.98 fb',Ns=7 TeV
""'[""It""l"'1""]""]""["‘ ;800 LA L L B B L L B IO L L B R L S N L B
700 i‘ ATLAS Preliminary CL, 95% C.L. limits I 3 2 [an@)=10 :
L/\ 0-lepton, = 2-6 jets — Observed | (O 2 ) J‘p Ap=0GeV | -
ATUAS-CONF-2012-033 Expected 4 = . ‘% ) 3 | u> 0 ]
P ~1.4 TeV T — q mg)=1500 | m=1732GeV| ]
i } ATLASCONF-2012097  --- Expected | —]
n 1-lepton, > 3,4 jets == Observed | I:lLEPz " 3
500 =~ ATLAS CONF 2012041 —— - Expected — -
. . : Beerzz, |
K [ LEP2 ], - ! .
e [ Stau LSP ] ] ]
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o » ; B h
- \ ] .
300 - e S e A
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[Pralavorio,SUSY2012] [Campagnari,SUSY2012]
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Higgs decay channels

|
-2Ini(u)<1 Intervals 2011 +2012 Data m,=125GeV|  CMS Preliminary

T T T T T T T 1 T T 1 \s=7TeV,L=5.11b"
ATLAS Preliminary \s=8TeV,L=>5.3fb'
W,ZH — bb '
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H—- 1t E
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H—->WW' —lviv ;

Vs =7TeV: [Ldt= 4.7 o e
H— y}( :

Vs =8TeV: |Ldt=59 " —o—
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H— zZ" S
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H— 1t
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]
Best fit G/O'SM H

[Hawkings,talk at ICHEP2012] [Incandela,talk at ICHEP2012]

Signal strength (u) 3 2 1 0
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Measuring the Higgs couplings

== s
After ICHEP2012

In the future

i%::' L=4.65.17 Tev)+5.1-598 Tev) ', 68% cL:ATLAS s oms ~ §(hAA)/g(hAA) [ gy-1 LHC/HLC/ILC/ILCTeV
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[Plehn,Rauch,1207.6108] [Peskin,1207.2516]
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SM-like Higgs couplings in the MSSM

== samadl
I 1
[ e
grvv = sin(f — @)
sin o : 0.1 g’ .
8hbb = — = sin(f — a) — tan fcos(f — @) e
cos
COSs & , ]
Lhit = = sin(f — «) + cot Bcos(f — @) 001 tgn fm g suwsa
sin tan 8 = 30 -~
(Normalized to the SM counterparts) i i L
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[Djouadi,Phys.Rev.Rep.] M, (GeV]
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