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Signal strength
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Higgs around 125GeV(?)

Higgs boson mass (GeV)

Event excesses may indicate Higgs mass around 125GeV

[What Is implied for physics beyond SM? J




Today's Talk

e Why extended GMSB?
- low energy phenomena and cosmology
- Higgs mass & muon g-2
e GMSB + large At term
e GMSB + vector-like matters  (talk by lwamoto)
e GMSB + extra U(1) gauge symmetry

e Summary



Physics beyond SM

* Hints of New Physics

neutrino oscillation (right-handed neutrino)
early universe (e.g. dark matter)

hierarchy problem (weak scale « Planck)

7

GUT (g1 = g2 = g3 @ ~10'°GeV)

muon g-2

4 . . )
>30 deviation between /

' SM and experiment
c.f. talk by Nomura
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Muon g-2
c.f. talk by Nomura

g-factor: deviation from 2 due to radiative corrections
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Muon g-2 in NP

challenge to explain the deviation:

m2 m2
4, (NP) ~ “NE 1 s g (EW) ~ 2t
iy myp A7t mi,

note: muon mass due to chirality flip

e current discrepancy is as large as ay(EW)
 light new particle or large coupling «f. taik by Tsumura

 enhancement required for NP in TeV scale



SUSY is natural

* Hints of New Physics

-

early universe (e.g. C
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What is unnatural?

 Flavor/CP violations

51 = )i S O(10~ D), ep S 0(10-(23)

e gravitino problems (msz;z ~ 1TeV)
Tr S O(1007)GeV, Fine S O(10M1)GeV

e tension bet. Higgs mass ~125GeV & muon g-2



Limit on Gravitino Abundance
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Gravitino Productions

radiation: Tg thermal production
O — ., T
® Vs ~ 10715 <10102ev>
inflaton ¢ ¢

up to corrections
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Gravitino Productions

radiation: Tg thermal production
Q —_— o ° v (h) _ 10-12 IR
o 3/2 7 1010GeV
inflaton \ o o i
up to corrections
o © . S
® inf. ®
gravitino SO < °
gravity ®




Gravitino Productions

radiation: Tg thermal production
Q — > ® ° (th) —12 IR
® Yap2" ~ 10 (1010Gev>
inflaton ¢ ¢

up to corrections

non-thermal production
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F..¢: Inflation scale



Bound on Tr and Eins

* abundance is given
by TR and Einf

» exclude high Tr or
low Trfor given Eins

Y30

e exclude too high Einf

- direct thermal
" production production -
10-18 - EFEETTTT BT L
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Bound on Inflation

tight constraint on
inflation models from
thermal and direct
gravitino productions

figure:
Bino LSP M /2 = 300GeV
m3/2 = 1TeV
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What is unnatural?

 Flavor/CP violations

51 = )i S O(10~ D), ep S 0(10-(23)

e gravitino problems (msz;z ~ 1TeV)
Tr S O(1007)GeV, Fine S O(10M1)GeV

e tension bet. Higgs mass ~125GeV & muon g-2



Higgs mass vs muon g-2

~

* (muon g-2:

~ small soft mass

t large tan[3

* Higgs mass:

- large soft mass
- large At term

cf. mn~125GeV is too
large for muon g-2 in
CMSSM
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Higgs mass vs muon g-2

* muon g-2:

- small soft mass

- large tanf3

. (Higgs mass: )
+ large soft mass
C large A: term )

cf. mn~125GeV is too
large for muon g-2 in
CMSSM
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Higgs mass vs muon g-2

* muon g-2:
- small soft mass

- large tanf3

. (Higgs mass:

+ large soft mass

t large A: term

J

cf. my~125GeV is too
large for muon g-2 in
CMSSM
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Higgs mass vs muon g-2

°* Muon 9-2: 800 f ]
I Mn
- small soft mass . | >124GeV
> 700 '_
- large tanp o | | eror
. §> 600
* Higgs mass:
- large soft mass ! g-2
- large At term Yy B |
100 200 300 400 500 600
cf. mn~125GeV is too Mo [GeV]
large for muon g-2 in Higgs maximized by A
CMSSM w/ Br(b — sy) @ 20

[ME,Hamaguchi,lwamoto,Nakayama, Yokozaki]



Higgs mass vs muon g-2

* muon g-2: 1000 T -
. CMSSM | mn
- small soft mass _ . | tanB =40 4| >124GeV
< 900 | _
5 | Hi | +
- |arge tanB O | iggs | + error
é? 800

* Higgs mass:

700 r

- large soft mass g2
B Iarge At term 600 ............. 20 ....................
. 400 600 800 1000
cf. mn~125GeV is too mo [GeV]
large for muon g-2 in Higgs maximized by A
CMSSM w/ Br(b — sy) @ 20

[ME,Hamaguchi,lwamoto,Nakayama, Yokozaki]



What is unnatural?

 Flavor/CP violations

51 = )i S O(10~ D), ep S 0(10-(23)

» gravitino problems (maz2 ~ 1TeV)
Tr S O(1007)GeV, Fine S O(10M1)GeV
e tension bet. Higgs mass ~125GeV & muon g-2

/\ /\
{soft mass is heavyj [soft mass is Iightj




Simple Solutions

* Flavor/CP violations
- large soft mass or GMSB (light gravitino)
e gravitino problems (msz;z ~ 1TeV)
- heavy gravitino (SUSY scale) or light gravitino

e tension bet. Higgs mass ~125GeV & muon g-2
/\

N\
soft mass is heavy ' soft mass is light '




Simple Solutions

* Flavor/CP violations
- large soft mass or GMSB (light gravitino)
e gravitino problems (msz;z ~ 1TeV)
- heavy gravitino (SUSY scale) or light gravitino

e tension bet. Higgs mass ~125GeV & muon g-2

/\ /\
[soft mass is heavyj [ hopeless... j




Simple Solutions

* Flavor/CP violations
- large soft mass or GMSB (light gravitino)
e gravitino problems (msz;z ~ 1TeV)
- heavy gravitino (SUSY scale) or light gravitino

e tension bet. Higgs mass ~125GeV & muon g-2
/\

\
Extended GMSB ' soft mass is light '




Gravitino Problems

heavy soft mass or light gravitino
relaxes constraints
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Simple Solutions

* Flavor/CP violations
- large soft mass or GMSB (light gravitino)
e gravitino problems (msz;z ~ 1TeV)
- heavy gravitino (SUSY scale) or light gravitino

e tension bet. Higgs mass ~125GeV & muon g-2
/\

\
Extended GMSB ' soft mass is light '




Extended GMSB

() Iarge At term [Evans,lbe,Yanagida;Evans,lbe,Shirai,Yanagida

;ME,Hamaguchi,lwamoto, Yokozaki]

- messenger-top coupling
PY extra VeCtOr'Ilke matter [ME,Hamaguchi,lwamoto, Yokozaki

;Evans,lbe,Yangida]

[Asano,Moroi,Sato,Yanagida;Moroi

- coupling with Higgs Sato,Yanagidal
® extra gauge Symmetry [ME,Hamaguchi,lwamoto,Nakayama

, Yokozaki]

- charge for Higgs

“price” to be paid will be
summarized later



Large At term

* messenger coupling with top  ievans e, vanagial
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Large At term

vacuum |S deStabmzed [ME,Hamaguchi,lwamoto, Yokozaki]
mr ~ % ~ mess — & :'71/5:'
5229]\4—WM133T157LTRh0+h-C- — Nimess =1, 2 =04y =13
upper bound on gluino 30 | W
mass |
mg S 0.9 or 1.3 TeV

(Nmess=1)

neutralino NLSP (Nmess=1)

LHC discovery expected
for 14TeV O(1-10)fb~

800 1000 1200 1400
according to Baer,Barger,Lessa&Tata mg (Ge\/)



Large A: term

Iarger Nmess: stau NLSP [ME,Hamaguchi,lwamoto, Yokozaki]

Npess = 2,2 = 0.45 yt—12 Niess = 3,2 = 0.5,y;, = 1.4
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Extra Vector-like Matter

c.f. talk by lwamoto

* extra matter coupling to Higgs [Moroi, Okada]
W — Y/HUQ,U/ 4 M/(Q/Q/ 4 U/U/) MSSM T
: _ , , Hu Hy
* Higgs mass raised by U’, Q' loop
2 2
Amy, =~ %Y%ln még -
d "F Vector U’
Ms(F). vector scalar(fermion) mass ! H
 A'is suppressed by RG running

and irrelevant for Higgs mass



Extra Vector-like Matter

muon g-2 region is
covered by varying Maq u

vacuum is destabilized
by large |

stau NLSP is excluded
by LHC if it is long-lived

upper bound on gluino
mass

ms < 1.2 or 1.7TeV (X°)

c.f. talk by lwamoto
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[ME,Hamaguchi,lwamoto, Yokozaki]



Extra Vector-like Matter

contd.

regions are in reach of
14TeV LHC w/ ~10fb-"

severer for larger Mmess
relatively light ext matter

MV SJ 1.5 TeV

need study on discovery
potential of extra matter

cf. talk by Harigaya
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10 ...............

c.f. talk by lwamoto
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[ME,Hamaguchi,lwamoto, Yokozaki]



Extra Vector-like Matter

contd.

regions are in reach of
14TeV LHC w/ ~10fb-"

severer for larger Mmess
relatively light ext matter

MV SJ 1.5 TeV

need study on discovery
potential of extra matter

cf. talk by Harigaya

c.f. talk by lwamoto
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MQ/ (GQV)

[ME,Hamaguchi,lwamoto, Yokozaki]



Extra Gauge [U(1)]

* Higgs is charged under U(1)’ Hu Hu

gx gx
* Higgs mass raised by D-term >U\/\/\fb<
D ,

2 2
Amj, ~ 2g5x” (vy;, + vy;,) cos”(20) s Hu

Qm% —+ m22/

- unsuppressed by tanf S: SSB of U(1)

- decoupled if ms « mz ms: soft mass of S

messenger

* messenger needs to be charged

2\ 2 4 )
2 2 9x 2 A 2
me = mg = 10y~ A . ,/
NEI b
S

y: U(1)" charge of messenger




Extra Gauge [U(1)]

* Higgs is charged under U(1)

Higgs mass raised by D-term

2m2, GUT-inspired charge assignment
2m% 4+ m2, U(1)x: SO(10), U(1)r: Pati-Salam

Amj, ~ 2g5x” (vy;, + vy;,) cos”(20)

- unsuppressed by tanp gy U | VIO, Uy
U | —2/3| -1/3 —1 ~1
. D 1/3 —1/3 3 1
decoupled if ms « mz o By A S (I
E 1 1 —1 1
N 0 1 -5 —1
* messenger needs to be charged |7/ 2 | ¢ 20 A
S 0 0 —y +y

2 2 g% i 2 A2 s 0 ! Y —

Mg =1Mg = <167T2> ]‘Oy A Table 1: Anomaly-free U(1) charge assignments on the fields
y =1

y: U(1)" charge of messenger



Extra Gauge [U(1)]

* muon g-2 region is Miess = 10° GeV, gx (Miness)
covered by varying mz

[
50 1
-

 SUSY massisinreach of  .f

14TeV LHC
. EWSB is spoiled: =

- smaller Mmess

20 F

- too large gx I
* light Z is favored (<3TeV)

400 600 800 1900 1200 1400 1600 1800 2000
gluino mass (GeV)

e / discovery is expected

fO I L H C [ME,Hamaguchi,lwamoto,Nakayama, Yokozaki]



“Prices”

There is no “perfect” model from my perspective...

Model | FlavoricP | FEMEH0 Hrif’fsnrg‘fgs perturbativity|  LHC
GMSB OK OK NOT OK  |hopelse
At term Té)l(\j(e]l OK OK up to Mmess SUSY
vector-like | o4 model OK OK OK SUSY
matter ext matter
extra U(1)’ OK OK OK up to Mmess S%,SY
U problem

The "best” model is expected to be selected by LHC.




Summary

Extended GMSB is implied by
- low energy phenomena and cosmology
- Higgs mass of ~125GeV & muon g-2
GMSB + large At term
GMSB + vector-like matters
GMSB + extra U(1) gauge symmetry
gluino mass is bounded by muon g-2
introductions of light extra matters or Z’

LHC search is interesting!!
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Local p
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=3 1 1 1 I 1 1 I | B A l | FA R ] | B L [ || | L I | I | L L —
- ATLAS 2011 _[Ldt~1.04-4.9 m! g
1 g
Tids V\\ ..... =
R
10-2 §_ . ¥/ " _g
10" = e
4 :_ _:
10 E 4 g < Obs. Comb. (ESS) =
105 g ----Exp. Comb. ---- Exp. H— yy S
? —Obs. Comb. —— Obs.H - yy §
B ----Exp. H— 4l Exp.H= v i SR
10'6 E —Obs. H= 4l Obs. Hoiwih ¥S=7TeV i
Fecaa bl oo bonoa e benn s b o a9
110 915 120 125 130 135 140 145 150

m, [GeV]

Local p-value

N
Q
l

I T T
| '
'

—
Q
N

3 -
10 E
104k == COmbined observed N

= mmmas Expected for SM Higgs |3
e e H = bb (4.7 fo)|3

5 ' — H 5 TT (4617

107 ¢ - o Ww ((3% 'Ilt))")}
- | — oE— i 5 -
ML NE 7_T19V — H— 77 -4 (47 7)-

el L=46-481b Ho ZZ —»212q (46 b

O-='11 I O I 7 O Y v T O I TN,

30

4c

110 115 120 125 130 135 140 145

Higgs boson mass (GeV)



Neutralino NLSP in LHC

pp — 94, 49, g9
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Long-Lived Stau
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Discovery Potential
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m,, (GeV)

Discovery Potential

. miss ..
Njet- > 2 (with ET cuts, optimized)
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Discovery Potential of GMSB

7 3 fblal4 Tev

1 fb~1@14 TeV

1 fb~1@Q7 TeV
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[Shirai,Nakamura]



Discovery Potential of Z
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Flavor Violations

new sources: (m%)y, Aj; s — S-S d
quark sector e B
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CP Violations

e new phases: M;, B(y), Ai;, Fy(~ (W)/M2)

e EDMs: electron, neutron,

mercury;, ... Ve
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