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What Shown in the Dissertation

V-GMSB scenario

V-MSSM model ( MSSM + 1o+1_o)
+

GMSB framework

@ e Higgs mass —» ~ 126 GeV!
e Muon g — 2 anomaly — solved!
LHC constraints
(SUSY search, extra quark search)
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Introduction

Why V-MSSM?
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Higgs boson
Was
Discovered!
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The Standard Model and The MSSM

Standard Model row completed:

® Problems
» Hierarchy Problem, muon g — 2 anomaly, Dark Matter, ...

® Anxiety towards ultimate theory

Supersymmetry (SUSY)

MSSM (Minimal SUSY Standard Model)

® Hierachy problem [Solves
® Dark Matter Candidprovided
® Muon g — 2 anomalfgxplained

B

[9]



Muon g-2 Problem

9#‘2)

a, .=

® (g—-2)u anomaly o (” 2
SM (HLMNT ' 11) e aM=(116591828+49)x107M
Expm (BNL'04); | '—*—'aEXp—(116592089:|:63)x10 11

Hagiwara, Liao, Martin, Nomura, Teubner [1105. 3149] 3 R 3 0 d ISC re pa ncy

Can be explained with SUSY
ifu>0,tanp 210,
and m (X, X*, [, V) ~ 0(100) GeV.

Gymﬁ
> sgn(uMy)tanB +---,
soft
azmz
= sgn(uMz) tan B.
m (Hu)
soft (tanﬁ: (Hd))
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The Standard Model and The MSSM

MSSM (Minimal SUSY Standard Model)

® Muon g — 2 anomalfgxplained

L> m (X°, X*, i, Vi) ~ 0(100) GeV??

I in conflict!

m (t) ~0(1-10)TeV??
NEW FACT! Ij
® Higgs mass = 126 GeV!

B
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Higgs mass in the MSSM

tree one-loop level (top-stop)
— 2 —
22, 39ymE | mi (a%-6)
my ~ms + > In — - + 3
8m’my, | mM; 12

where o :=A¢/my.

(stop mixing parameter)

heavier mp <

e t should be heavy
and/or

e stop mixing parameter a at sweet spot (~ £+v6).

91 GeVitree @ > 126 GeV
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Higgs mass in the MSSM

tree one-loop level (top-stop)

3g2m? | m% (a? — 6)?
In — — + 3
8n2ma, m? 12

where o :=A¢/my.

(stop mixing parameter)

. - _[12TeV (o~ £VE)
€avier mp <= "t~ 010)Tev (a~0)

e t should be heavy
and/or

e stop mixing parameter a at sweet spot (~ £+v6).

91 GeVitree @ > 126 GeV

[13]
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The Standard Model and The MSSM

MSSM (Minimal SUSY Standard Model)

® Muon g — 2 anomalfgxplained

L> m (X°, X*, i, Vi) ~ 0(100) GeV??

I in conflict!

m (t) ~0(1-10)TeV??

NEW FACT! Ij
® Higgs mass = 126 GeV!

. 1-2 TeV [a=At/m; ~£v/6 : maximal-mixing (“mp-max”) scenario]
£ 10(10)TeV [small a (small mixing)]
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The Standard Model and The MSSM

!Y;. IMPOSSIBLE in CMSSM / GMSB scenario \

mg <= m; & At cannot be large.
correlated CMSSM — Ay is constrained from Br(b — s7v).
& GMSB — A =0 at one-loop level, /
x°, X, 1, v O(100) GeV??
——> M (X, X" 1, Vu) ~ O( ) GeV?7?:

I in conflict!

m (t) ~0(1-10)TeV??

NEW FACT! Ij
® Higgs mass = 126 GeV!

- 1-2 TeV [a=A/m;~ +4/6 : maximal-mixing (“mp-max”) scenario]
£ 10(10)TeV [small a (small mixing)]
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The Standard Model and The MSSM

!Y;. IMPOSSIBLE in CMSSM / GMSB scenario \

Mg < My &

& correlated

At cannot be large.

CMSSM — Ag is constrained from Br(b — sv).
GMSB — A =0 at one-loop level. /

|

m ()~
NEW FACT!

® Higgs mass = 126 Ge

—> m (X° X*, {i, Vu) ~ 0(100) GeV??

in conflict! - How to resolve?

4 ™
e Forget (g —2),.

e Optimize SUSY mechanism.

{1-2 TeV [a=Ay/m;
m; ~

. e Extend the MSSM. @_A

O(10)TeV [small a (small mixing)]
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v-MSSM + GMSB

can explain (g — 2), under mp =126 GeV.
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MSSM + GMSB (or mSUGRA)

= (g — 2] Vitmem=176 GeV

U

MSSM + more complicated SUSY_
or
V-MSSM + GMSB/mSUGRA

[18]






[20]



X*, b, Vy) ~0(100) GeV??

I Conflict resolved.
\“

=—CE3=36rF=22 t can be lighter.

(9—2)y -+ m

mp~ 126 GeV -

J

O ®

[21]



V-MSSM

® V-MSSM = -
MSSM+(10+ 10), i.e.

extra Vector-like matters

10 =(Q’, U/, E)

{ 10 = (Q’,U’, E")

Wextra = Y,Q,HuU, + Y//G’Hd U’ (cf. Wmssm 3 YtQHU)
+MyQ'Q" + MyU'U" +MyE'E’

60—

> Vector-like = « No gauge anomaly. =
e Gauge couplings unification. o
» Mixings =) necessary (to avoid stable particles) 50
but must be tiny (to avoid large flav. viol.) ?:”
> Y’ : IR fixed to ~1.05=> m, well increased. T e

> Y’ : reduces m,=>assumed small.
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RESULT

In dissertation

m S U G RA framework

— See [1112.5653]
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http://arxiv.org/abs/1112.5653

VMSSM + GMSB explains muon g-2 anomaly under 126GeV Higgs

params: (A, Mmess, tanB, Nmess, sgnu; Y’, My)

1 | |l
1 + 1.0
Mmess = 10°GeV, Y/(Mpess) =1.0, Y/ =0 A(g-2)>0 (IR fixed)

vacuum instability
; - 20

1 simultaneous realization:
' My <1.2TeV,
mg < 1.6TeV,
tanB ~ 0O(10)

50

calculation failed
(technical issue)

IS EFEE AT B AT B L A BT
1800 800 1000 1200 1400 1600 1800 2000
mg [GeV]
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VMSSM + GMSB explains muon g-2 anomaly under 126GeV Higgs

params: (A, Mmess, tanB, Nmess, sgnu; Y’, My)

1 | |l
1 + 1.0
Mmess = 10°GeV, Y/(Mpess) =1.0, Y/ =0 A(g-2)>0 (IR fixed)

vacuum instability
; - 20

1 simultaneous realization:
' My <1.2TeV,
mg < 1.6TeV,
tanB ~ 0O(10)

m) LHC LIMIT!?

[25]

50

calculation failed
(technical issue)

PR T T A N U N T T N A A N M L I B |:
1800 800 1000 1200 1400 1600 1800 2000
mg [GeV]



LHC constraints on V- MSSM

(1) from searches for extra quarks.
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Extra particles in the V-MSSM

® (0O 0’ E/) n (é’, U, E') — ("l‘.’/ ’
1,2,3,4
&
» Mass
mt’ ~ MV :I: (174 GEV/Z), /VVextra=Y/Q,HuU, N\
mb/ — mT’ — MV +M,Q'Q" + MyU'U + MyE'E’
Wmix = €QiHuU’" +€/Q"HuUi + €]'Q"HaD;
> Production \_ +¢; LiHaE’ Y,

pp — t’lfi etc. (pair production)

» Decay
/ /W
t2 >

depending on mixing
btw. vec-like/SM quarks.

[27]



Extra particles in the V-MSSM

! ) =/ N (! =/ Y
@ (QIUIE)+(OIUIE)_)(t1’2’3’4’

» Current bounds

Wmix = €:QiHuU’ + €/Q"HuUi + €/'Q"HaD;
® Under “exclusive decay” assumption + ebLHGE!
‘! > bW ::my >656GeV ATLAS 7TeVv-4.7fb~! [1210.5468]
3rd gen only 1 1
(favored (th =>tZ mp >625GeV CMS 7Tev-5.0fb7! [1210.7471]
to avoid 1 1
flavor constr.) / o
- th :: No bound yet
ti — qgW :: my > 350GeV ATLAS 7TeV-1.04fb~ ' [1202.3389]
/ .
t] — quZ ::No bound yet e ~ My —87GeV,
/ . -
t] — quh :: No bound yet pp—t/E,  t/ —(qW,qZ qh)

% Generic analysis (3" gen. assumption : ti — (bW, tZ, th) )

e Done by ATLAS (7 TeV-4.7fb™! [1210.5468])

My < 750 GeV cases have (some) constraints.
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LHC constraints on V- MSSM

(2) from searches for SUSY. |
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LHC signature of the V-GMSB scenario

NLSP [ Long-lived NLSP | NLSP prompt decay

jet+ Ef and

=0

X1 (same as mMSUGRA)| 27 +E{ (from j{? — vG)

T1 Long-lived stau multi-tau
Examined v

Briefly discussed

in d isse rtation (but left as future works)
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LHC signature of the V-GMSB scenario

NLSP [ Long-lived NLSP | NLSP prompt decay

jet+ Ef and
(same as mSUGRA)l 27y + E1 (from X9 — vG)

T1 Long-lived stau multi-tau

MSUGRA/CMSSM: tanf = 10, A = 0, u>0

. ;800:"""“.l'."'l""l'"'|""I""'
O I & E i, ATLAS Preliminary-— JL dt=58fb', 1s=8 TeV.
@ u r a n a yS I S l_é 750 = ) 0-lepton combined -
E

700 Fe TR N ——— Observed limit (+105°5")

» Neutralino NLSP o B AN G
— ATLAS 8 TeV-5.8fb1 o0 £ N AN e
(2-6 jets + E1) 0E O\ A\
[ATL-CONF-2012-169] -

[-e]
- -~ Expected limit (+10,,;)

| Observed limit (4.7 o™, 7 TeV)

- Non-conver gent RGE
I no Ew-sB

» Stau NLSP T e T i e ———
_ 350 - ¥ R
- CMS 7 TeV's. O fb . 300 TR vitr o SN S T PR Y
500 1000 1500 2000 2500 3000 3500

(assuming pp — ‘"Efff) i, [GeV]

w Mz, > 223GeV  [1205.0272]



VMSSM + GMSB explains muon g-2 anomaly under 126GeV Higgs

params: (A, Mmess, tanB, Nmess, sgnu; Y’, My)

1 | |l
1 + 1.0
Mmess = 10°GeV, Y/(Mpmess)=1.0, Y/ =0 A(g-2)>0 (IR fixed)

vacuum instability
; - 20

1 simultaneous realization:
' My <1.2TeV,
mg < 1.6TeV,
tanB ~ 0O(10)

50

calculation failed
(technical issue)

IS EFEE AT B AT B L A BT
1800 800 1000 1200 1400 1600 1800 2000
mg [GeV]
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VMSSM + GMSB explains muon g-2 anomaly under 126GeV Higgs

params: (A, Mmess, tanB, Nmess, sgnu; Y’, My)

1 | |
1 + 1.0
Mmess = 10°GeV, Y/(Mpmess) =1.0, Y/ =0 A(g-2)>0 (IR fixed)

vacuum instability
: - 20

1 simultaneous realization:
LHC bound 1
(for long lived <
NLSP) MV ~ 1.2T€V,
myg <1l.6TeV,
tanB ~ 0O(10)

50

calculation failed
(technical issue)

1200 1400 1600 1800 2000
mg [GeV]

1800 800 1000
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Summary
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The Standard Model and The MSSM

MSSM (Minimal SUSY Standard Model)

® Muon g — 2 anomalgxplained

> MSSM + more complicated SHSY_
» Extended model + GMSB

in conflict!

10 = (Q’,U’, E")

V-MSSM = MSSM+(10 + 10), i.e. {_ )
10 =(Q’,U’, E)

NEW FACT!
® Higgs mass = 126 GeV!

Conflict Resolved!
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VMSSM + GMSB explains muon g-2 anomaly under 126GeV Higgs

2
‘ @ LHC constraints

_ 6 / _ 7
Mmess = 10" GeV, ¥ (Mmess)=1.0, ¥~ =0 » Extra quark searches
vacuum instability ]

calculation failed my; X 300-650 GeV
(technical issue)

50

(depending on decay modes)

My ~ My, — 87 GeV,
pp—tit;,  t;—(qW,qZ gh)

» SUSY searches

(—

LHC bound
(for long lived
NLSP)

1200 1400 1600 1800 2000
mg [GeV]

1800 800 1000
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Appendix - Historical Note
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If I have seen further it is by standing on the shoulders of giants.

® MSSM+(10 + 10) model is

> introduced in Okada and Moroi, 1992. mod. Phys. Lett. AO7 (1992) 187

% Higgs mass can be increased!

» examined in Martin, 2010. pays. Rev. D81 (2010) 035004 [6916.2732]

% IR fixed point behaviour of Y”.

® Decay branching ratio of extra quarks.

> applied to the SUSY explanation of (9 —2)u by us.
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