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The Standard Model and The MSSM

Standard Model now completed!

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

® Anxiety towards ultimate theory
ﬂSupersymmetry (SUSY)

MSSM (Minimal SUSY Standard Model)

® solves Hierachy problem.
® can provides Dark Matter candidate.
® can explain Muon g — 2 anomaly.
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The Standard Model and The MSSM

-
> m, =126 GeV
—> A(m,)'o°or : large

|:>m”t~'=

» Not found yet.
—>m(q,g) 2 1TeV.

A Nightmare:

0(1-10)TeV ?

392 m* m2 (a2 —6)2
m2~m2+ W_t |n e )+3
8T[2ml.2/V mf 12

h

tree

T \ A (miz-,)bop ]

where o :=A¢/m;.
(stop mixing parameter)

ATLAS 8TeV, 5.8fb~1
[ATLAS-CONF-2012-109]

SUSY> 1TeV & we cannot reach SUSY?

\_

J
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A Nightmare:
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where o :=A¢/m;.
(stop mixing parameter)

ATLAS 8TeV, 5.8fb~1

[ATLAS-CONF-2012-109]

J

® can explain Muon g — 2 anomaly.

The last) hope for detectable SUSY.
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2. (g — 2),-Motivated MSSM




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

bbb bl 3.30 discrepancy

Hagiwara, Liao, Martin, Nomura, Teubner [1105.3149]

can be explained with MSSM
fu=>0,tanB 2 10,
and m (X%, X*, i, V) ~ O(100) GeV.

Gymﬁ
> sgn(uMy)tanB +---,
soft
azmz
= sgn(uM2) tan . ()
m u
soft (tanﬁ B <Hd>)
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http://arxiv.org/abs/1105.3149

(g-2)-motivated MSSM

MSSM current status
> mp=126GeV m—) m (t) ~0(1-10)TeV??

» LHC SUSY searches === m(g,g) > 1TeV

> (g—2)y anomaly m— M (X%, X*, {1, V) ~ 0(100) GeV
and large tan@ ?7?

(g — 2)y-motivated MSSM 10TV | §
T, Uz
® squarks & stau-sector (7.v:) > 1TeV.
\(to simplify LHC analyses)
0 ~i 1TeV | g
® X7, X &slepton ~ O(100)GeV.
X% X*,
® Gaugino:M; : M :M3=1:2:6. &, [, Ve, U,
(approximate GUT relation) 100 GeV

11
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3.(g—2)y-MSSM v.s. LHC
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Review: g-2 motivated MSSM

(g — 2)y-motivated MSSM 10 Tev

® squarks: g> 1TeV.
@ sleptons: (e, Ve) = (U, V) [<< (T, i‘/})} 1TeV!

® gaugino: M;:M>:M3=1:2:6.

(approximate GUT relation)

100 GeV
e A-terms =0

o tanB =40
e My =1500GeV (to avoid Bs — uu constr.)
e Mmp=126GeV is assumed. (- q are decoupled.)

Rest Params:(m?, mZ) : slepton soft-masses

(M2, u) : gaugino/Higgsino mass

14/



RESULT

(an extreme case : u = 2 TeV)
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Result: g-2 v.s. LHC current status

An extreme case: u=2TeV, m?2:m

E

2=1:(1.5)2

mp = (2/3)me [GeV]

L
=2TeV

700_. IJ .......................... _

600 17T

500

400 |

300 1

20](-) P T T N T T A ™. N T NN T N N N B
00 200 300 400 500 o600 700
M- [GeV]
light €———— gaugino —— heavy

e (g —2)y dominant source:

Ltanp
XK= Higgsino-free!
He,” N HR
/ ‘\
L
HL B MR
Parameters:

o Mi: My :M3=1:2:6

o u=2TeV

o m2:mZ=1:(1.5)>

o (tanB, ma) =(40,1.5TeV)
Soft-params set @ 7 TeV (= my).
R-parity conserved.

LSP is long-lived.
e squark/stau decoupled.
e slepton 1st-gen = 2nd-gen.

e A-terms = 0.
1 6/26



Result: g-2 v.s. LHC current status
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@ FEINE 20 Jreow T
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Result: g-2 v.s. LHC current status

An extreme case: u=2TeV, m?2 : m%2=1:(1.5)2

L E

mp = (2/3)me [GeV]

e (g —2)y dominant source:

U= 2 TeV [No Gluino case]

700 utanp '
- ,,x\\ _Higgsino-free!
|heavy 'ub’ \{"R
600 1 T % .
Z e Parameters:
500 | o 0M1:M2:M3=1:2x
E o u=2TeV
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20](.)OO 200 300 400 500 600 700
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e A-terms = 0.
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Details of Analyses

® jet search (pp — gg — jets + E7)
> ATLAS 8TeV 5.8fb-1 [ATLAS-CONF-2012-109] —
> 2-6 hard jets + no lepton + £7

» Original bound : g 2 950GeV (CMSSM, G > @)

L RRLLY LA LAA LA RN WAL AL

—> My 2 300 GeV in our model

® 3-lepton search (pp — X3%; — 32+ Er)
> ATLAS 8TeV 13fb1 [ATLAS-CONF-2012-154]
> Exact 3 leptons + ET + SM-like signal vetoes

(no b-jets, no lepton pairs near M, etc...)

» Degenerated regions 700
are not excluded.
~) (near the dotted lines) <00
Xo———
\ E 400
~ 4
f - 300
\ .
'X"'l 2 E 20950 230 300 400 500 600 700
0

700

600

500

400

300
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Prospects



Result: g-2 v.s. LHC current status

An extreme case: yu=2TeV, m?: mfE =1:(1.5)?
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Result: g-2 v.s. LHC current status

An extreme case: u=2TeV, m?2 : m%2=1:(1.5)2

mp = (2/3)me [GeV]

L E

u=2TeV

100 K How can we search?
A « Heavy gaugino

600 Excluded » Large u-term

by  Light sleptons

jet searc
... future work.
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4. Summary
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Summary of this talk

» 126 GeV Higgs
» SUSY Not Found yet

100 GeV

An extreme case: u=2TeV, m? :m%=1:(1.5) J3e|:c.: ﬁ%ﬁggg“igggigz
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Summary of this talk

» 126 GeV Higgs
» SUSY Not Found yet

100 GeV

Jet: ATLAS-CONF-2012-109
3L: ATLAS-CONF-2012-154

An extreme case: u=2TeV, m?: mzs =1:(1.5)2
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