s T|IETIINEDIEN
Discussion: SUSY
2011. 03. 16.

i B nHL N =
. fIEB. ERE. FNL. 221U,
~ ] S —_
7__K \ ¢\J\ A \ UJI \
37 N == 25/ Iz
/7@\ llgﬂ +1§ j‘:‘

2011E3822H AEH



(1 - 73 - Y V4

(=qum
--> EWSB (& Higgs. (GR#mDER | R Tixam)
--> fermion mass (& SM &[F U,

(Yukawa DigiRIE LHC #lcpostpone.)

("l

> Yes. V< &H SM EBEI(ICE,

= EEDAEVWETE

-> Higgs Il (&8 CT&&®) + new physics
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1. identity the problems.

2. seriousness of the problem
(Possible to postpone? --> need a reason.)

3. solutions

4. (LHC) predictions
b. future situations (1.5 years later.)
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1. identity the problems.

Flavor/CP problem

2. seriousness of the problem  VYes it’s serious.
(Possible to postpone? --> need a reason.)

3. solutions GMSB, AMSB, MMSB, ??MSB, decoupling,...

4. (LHC) predictions

.FCNC®solution & (FEEREZR LY

5. future situations (1.5 years later.) /

.LHC: GMSB (& exotic. ZNUMNFIERRIIC jets + mET (+ leptons)
2ELINICHEZH E S hIFEE +fine-tuning R, #IF E &R,

-DM direct detection (& GMSB [CA~F] ?

-> —nklF B 1REY (L3 D (Hisano-Nakayama-Sugiyama-Takesako-Yamanaka 1003.3648)
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> THGCGMSBTHHESD (Mmess > MR > 10714 GeV Tobe-Wells-Yanagida 0310148)
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2. seriousness of the problem  Yes. t's serious.
Pos:3|ble to postpone > need a reason.)
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3. solutions GMSB, AMSB, MMSB, ??MSB, decoupling,...

4. (LHC) predictions -FCNC ®solution & ($ BB R 7 L)
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I. Identity the problems. , problem

2. seriousness of the problem serious ?!
(Possible to postpone? --> need a reason.)

3. solutions Giudice-Masiero, NMSSM,....

4. (LHC) predictions
b. future situations (1.5 years later.)
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1. identity the problems. _ _
naturalness / little hierarchy

2. seriousness of the problem
(Possible to postpone? --> need a reason.)

3. solutions

4. (LHC) predictions
b. future situations (1.5 years later.)
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1. identity the problems. _ _
naturalness / little hierarchy

2. seriousness of the problem serious ?!
(Possible to postpone? --> need a reason.)

HEHE28H (GUTA2 - EWA2) D
tuning ZXRIC LUl b2 < EMRISHFEE VN,
(2 8HTICE>TTULXS split SUSY [E1 T TILia?)

CTIFEZETTFHESDD ?
10% DM ? 1% DD ? 0.1% &DH?
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http://www?Z.yukawa.kyoto-u.ac.|p/~ppp/program.ntml ps

Naturalness How far is the fine-tuning?

1%?, 0.01% ? 10%?
In the SM with cutoff scale A~ 10TeV,

(€ the scenario is also good for data and theory.)

my?/2 <= (V¢ pI°
(100 GeV)2/2 / (y2/16m2) (10TeV)? < 1o

m |f we allow ~ 1 % tuning, we don’t need to consider
low scale SUSY for Naturalness.

m If we consider the low scale SUSY for Naturalness,
=10 % tuning is favor.

:> In this talk, < 10 % tuning is called fine-tuning.
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Summary

Perturbative GUT strongly motivates the perturbative SUSY
to stabilize the scale of the Higgs mass.

It allows the model to be perturbative up to the unification
scale at the price of just O(1)% tuning in Higgs sector.

Coupling unification looks better than the SM!

Perturbative SUSY models predict the upper bound on the
Higgs mass.

Higgs search will exclude most of the parameter space if
we do not see any hints on higgs by the end of 202!
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. Summary

Perturbative GUT strongly motivates the perturbative SUSY
to stabilize the scale of the Higgs mass.

f‘ﬂ‘

Higgs search exclude most of the parameter space if
Teee. do not any hints on higgs by the end of 2012!
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Summary

Perturbative GUT strongly motivates the perturbative SUSY
to stabilize the scale of the Higgs mass.

1% H 10% Hrl
ét%ﬁ?%%EbT\
F9I& Higgs Ic
EFBHULED !

Higgs search exclude most of the parameter space if
W€ 40 ot any hints on higgs by the end of 2012!
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Model: ?
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B1) h— XX Tev I 2%EET (MSSM)

Belanger et.al.
Phys.Lett.B519 (2001) 93-102

o 2m~0 < myp < 130GeV
e Chargino mass > 103 GeV (LEP) IZE&
eneutralino MHiggsino B3 Z K&K T 2NENHD D

M2 = [ o ZZERRELLIEWDS 0
adll
\
\ A‘

C D & = qaudino mass unification (& TT= %k LY
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5l 2) Lepton JetTb v XA %[Ed (ModellZ&iEH B)

Falkowski, et. al
arXiv:1002.2952

v - (EICLEP & Tevatron|c X UL TDE L\ER)

l—f—
By g\/(l Lepton Jets

/ l+

high-multiplicity clusters of boosted
and collimated leptons

FRL7

B E D\ \Hidden sectorz FB &
LVSP - «F 9 HiggsH'LVSPIC EFIE
‘Neutralino | LVSPA'Hidden sector\ARIE
Sneutrino. - Hidden Sector - Hidden sectorH’LSPlepton/\gFi#E

*Singlet ex; U(1)gauge
+ additional Higgs  «Jet> (X< 1 % D TbackgroundIC B 5
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| arXiv:1008.0222
h ,a/<z a : CP odd Higgs
S |
! < (mh ~ 100GeV TH KIXK)

ald I TICERDOD>TWLWRWLWDN?
a->yuy (DYH 5 DBGXK)
a->tautau (BG KX)

LHCTIFLUT Oz Hifs
e gg — h— aa — 272u (28|,

e gg — a— 2u |30,
et—H'b, HT" —>W%a, a—u u [32]
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KNS RS 1E
—> Fine tuning
v R4 SEExEZEAFE

the SM : m3 = 2X\v?,

1
the MSSM : ’mi ~ m2Z cos? 203 = Z(gf -+ gg)v2 cos? 23,

SUSYD#& D

Fine tuning €9 (1C EEHFELEICESTIC) v/ ADEBEE%R
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lmli
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AN AN = =1
SUSYDIREMNH DD TH UL WH FZIMATHIcG4 max1E5

mh (GeV) <130 130-200 | > 200

NMSSM | Fat Higgs

Models MSSM Fat Higgs [(NMSSM at low
MSSM+Triplet energy)

T =501 T T
- bb .............................. WwWWw

.....
---------------------

e /7 I ' h->WW or /Z2/

o _T- tt _
28 ¥ (\ WW, ZZ>W,Z+ 1+ v

N PREER T O WW > 21+ 2w

- AN Easy to find
Ll 100 130 160 200 300 500 700 1000

A. Djouadi, Phys. Rept (2008) My [GeV]
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2 _ 2 2 2 2 . 2
—> m; = m7, cos” 20 + A“v“sin” 20,

ADKE(TNiEtreed by T REEZEL KRS

limli

fc12 U
HE A 1E (EMSSM &R U
A D’GUT scale £ TLandau
poleZz T/ /& Ly

—> mp < 150 GeV
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®Fat Higgs - (BT XILF—TIENMSSMD W& &

superpotential: W = AN (H,Hg — v}),

A D Landau poleZzFT D<K 5WLWKRE WD Ttreed
Ev VT ABENEEEL S

composite scale

~ATT Ay~m’ Ay
obw I XFERFIVINI Y b 12 Composites super- \ ASymp-
N 10/ conformal totic
o . \ .
Landau pole £D _ET weakly 2| Ewm:_ m \freedom
coupled z i ST \og
5
4
2

UV completion TETWT I |
LAHGUTHT 3H 50K 001 01 1 10 100 1000
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tan

140 GeV for tanf83 =2
(112 GeV at tree-level)

Fat Higgs

A=4m at \H |
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my; (GeV)

600 GeV at O(1) TeV

2011E3822H AEH



600 GeV XTi 6 (£ )ﬁ"m%t_u%%ﬂ‘%i?b\%%o
7 TeV + 1 fb 1TJU7L%>75\2: > MMFIREY D EH
DT

SUSYTZZCEXTH>THRW?HX?

SUSY?)I/ 7°

2011E3822H AEH



2012F[T nggsfd:b 200GeV <
. mh > 140 mh <500
(EEE THEDH | mh <130 GeV
(" jets + mET, ) 5 £ 00) GeV GeV
27y + mET,
\heavy charged,...j
\/ BWLWA Ky 771 5fine tune &
= 10%7?
SUSYRIEZHE "
ROERE : FCNCEM
susy Y= #k
(7 TeV)
20122K
' / n o ole 3 =
A &1
[ | l / %
. - = (V == 4" <
\ tune LWLy E WIF ALY
SUSYRZHBWEEDEZ A
1) heavy SUSY )
2) BB Tsusy £ BT +5EE SUSYhZE58H5

20114%E3H22H AEH



