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@ New intl| research institute in Japan
@ astrophysics
@ particle theory
@ particle expt
@ mathematics
@ official language:
@ >30% non-Japanese
o
@ launched Oct 1, 2007
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New intl research institute in Japan
@ astrophysics

@ particle theory

@ particle expt

- @ mathematics
official language:
>307% non-Japanese
$13M/yr for 10 years
launched Oct 1, 2007



IPMU initiatives in
experiments

@ SuperK with Gd to
detect relic supernova
neutrinos

@ use KamLAND fo look
for OVBP

@ XMASS Xenon 800kg
direct dark matter
detection -

@ new HyperSuprimeCam %,
camera at Subaru for X
weak lensing survey fo [
measure dark energy w

@ will join SDSS-III




Winter 2009 occupancy
~5900m?
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emphasis on large interact

“like a European town square” ~400 m? ‘
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On Site Scientists

number of scientists

>

non-Japanese > 50%
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Check out www.ipmu.jp
<

B Japanese = Asian
European B American
B Australian



http://www.ipmu.jp
http://www.ipmu.jp
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BERKELEY CENTER FOR
THEORETICAL PHYSICS

= Experimentalists

working very hard to make things happen
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BERKELEY CENTER FOR
THEORETICAL PHYSICS

Theorists

reading tea leaves.....




& KamLAND 2008 data
@ beautiful oscillation demonstrate neutrino
mass = heavy right-handed neutrinos?
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- previous o KamLAND data
| reactor experiments | - Neutrino oscillation with real reactor distribution
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Seesaw Mechanism

@ Why Is neutrino mass so small?

@ Need right-handed neutrinos to generate
neutrino mass, but v, SM neutral

mp\(VvVr m2
D
(VL VR)(mD M)(VR) mv =ﬁ << mp

e

To obtain ms~(Am?,. )2, mpy~m, M;~10"*GeV (GUT!)
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‘ _.;‘.{D_ % v o e e
seesaw Scale

U(l)y

SUQ),

o

SUG),

Minimal Supersymmetric Model

107 e 103 30k 10 g
u[GeV]
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Tea leaves 2008

@ hierarchy problem =supersymmeitry

g =

@ Non-baryonic Dark =>thermal relics with
Matter mass < 100 TeV

@ Dark Energy =/ or scalar field

@ Density Fluctuation =sinflation

Can we put them together?
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Non-thermal
Leptogenesis
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Sneutrino Inflation

displaced from the minimum
at the beginning

rolls down slowly:

chaotic inflation

now possible in string
(Silverstein)

50 100 150 200 250 300 350

reheating = leptogenesis
decay products contain

supersymmetry and hence
usual SUSY Dark Matter

HM, Suzuki, Yanagida, Yokoyama 50 100 150 200 250 200 350



Consistency

o n~0.96,r~0.16
® Need m~1013GeV,

seesaw scale!

@ Still consistent with
latest WMAP, but
V=\¢* excluded

@ Verification possible in
the near future

@ enough lepton
asymmetry consistent e L0 1rH

with gravitino problem! S 10GeV

Murayama, Yanagida
17 + Hamagchi
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@ For the leptogenesis to succeed, it is not
required that sneutrino is the inflaton

@ just need Vr to dominate the universe at one
point

o of vr from the end
of inflation (HM, Yanagida)

@ inflaton decay into neutrinos (Lazarides,
Schaefer, Shafi) but hybrid inflation tight

@ dark matter: usual WIMPs in gravity
mediation

18



Anomaly Mediation
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bl MAncmaly Mediation s

(Randall Sundrum; Giudice, Luty, HM, Rattazzi)

@ used fo rely on physical
separation between MSSM and ‘
hidden sector

@ stabilization of moduli?

@ conformal sequestering
replaces extra D (Luty, Sundrum)

@ ISS + gauged flavor naturally

realizes conformal sequestering
(Schmaltz, Sundrum)

@ gotten easier and more generic
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o M THEORETICAL PHYSICS
Anomaly Mediation

Bi(g°)
Mi — 5 5 3/2, m? T T 4 3/27 AZ]k s _2(/77/ —I_/YJ +’7k)m3/2

@ SUSY masses due to anomaly = loops

@ msusy ® M3/2/(161°)

o

@ solves also the flavor problem

@ tachyonic sleptons may be solved with D-
terms (Arkani-Hamed, Kaplan, HM, Nomura)

@ integrating out Vr violates flavor, but lepton

flavor violation still adequately suppressed
(Ibe, Kitano, HM, Yanagida)

21






B
gauge mediation

Gauge Mediation
2 ESHEPL, Aavor blind

Supersymmetric
Standard
Model




&
com p lete models B RARRR T e ot

are complicated

: 1
Dynamical _( 23R

1
u~107 GeV | Supersymmetry &
Breaking _167

+1

W =AFtF~ + F(F* F~ST)+ FF°S° i

messenger U(1) "
+ 6

+1 =
M~105G9V W:¢+¢_X‘|‘X3‘|—Xff
Gauge Mediation

SU(3)xSU((2)xU(1)
=>ﬂavor blind

Supersymmetric
u~102-1038 GeV Standard m 3/2leO k€V|
Model

Dine-Nelson-Nir-Shirman



1 DU LY

& &
B
41N9
v ?l |I|||||‘ [0 T | |I|||||‘ | |||||II‘ | |I|||||‘ [T TTEE
10° . .
] Moroi, M, Yamaguchi
10 +de Gouvea

T . (GeV)

||||||||‘ ||||||||‘ LTI gt [T TITAny T Oimm Trrnny Trimm |

10°

10°

10™

107
m,, (GeV)

10°

10

RS NG m—

(/
.9
X/

A
oto
\
()

Thermal leptogenesis > 0 _5
Buchmiiller, Pliimacher -1+

|||||||||
o |O

PN

|

(a»)

N
iX——>
:/3\

/“

\\

||||||l|| |

CZD _| C
S R T R T TR ; oo
(a8 = Yp(IT)\\ ‘ 37 Yp(IT) ‘-::
v B2 7 N
> B BRI e
= 77T Yo (Fo) O
N B g Q
Yty ~rediation
=Tie g
QV E D
© - 6Li/H 12
= O
Y E 95% C.L.
E = B(¢ﬂ+gg)=l ®)
a - n=(6.1£0.3)x10€T
N E Ejet=m3/2/2
i i |1 IIIIII| |1 IIIIII| |1 IIIIII|
= 103 104 10°
mg,,, (GeV)

Kawasaki, Kohri, Moroi

101
10°
108
107
106
10°
104
103
10%



~1 Likelihood of viable:: o

SUSY

Landscape of theories

Alive
little chance for

26 SUSY@LHC?
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Generic Scheme

1 HM, Nomura

Mff |ESUSY SM

SU(Nc), SO(Nc), Sp(Ne)
no U(1)r symmetry imposed
most general superpotential

wide choice of gauge groups, matter content

D
7 g
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How it works

@ SUSY SU(N:) QCD N<N#<3N/2 W — m’gQin
@ low-energy free magnetic theory (mq</\)
i pi Intriligator
|V — mQAMij + M;;q°q Seiberg

@ SUSY breaking @ M;; = 0, ;T”; =my # 0 Shih

W — ——QQFf S

o Genera’res SUSY breaking in f, fbar

D

@ their loops=gauge mediation
HM, Nomura

@ doesnt have fo be I$S, many others possible
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d news for
string theory

@ String theory does not predict unique
solution

@ "Landscape” of possibilities for gauge groups,
matter content, number of SUSY

@ We at least need SM

@ We tend to get extra “junks”, i.e. extra
gauge groups, extra vector-like matter

@ the “junks” are precisely what we need to
break SUSY via gauge mediation

Easy, Viable, Generic!
e.g., Kawano, Ooguri, Ookouchi
29




~1 Likelihood of viable:: o

SUSY

Landscape of theories Dead

Generic!

30
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Consequences

@ gravitino mass very flexible, can be =10eV,
consistent with leptogenesis

@ local minimum with low mz/; sufficiently long-
lived (Hisano, Nagai, Sugiyama, Yanagida)

D
(Hamaguchi, Shirai, Yanagida)

@ SUSY breaking sector may be (Rov,
Schmaltz), (HM, Nomura, Poland), helps to explain why
Mt = A\ to obtain low ms/

31



i T M THEORETICAL PHYSICS
Consequences

@ sleptons promptly decay into lepton+gravitino
with picosec lifetime = measure msy,!

@ specific mass spectrum of SUSY particles
@ in principle depends on "hidden” sector

@ but testable sum rules if GUT (cohen, Roy,
Schmaltz), (HM, Nomura, Poland)

d In
LSS, Lyman & forest
@ current most aggressive analysis requires
(Viel, Lesgourgues, Haehnelt, Matarrese, Riotto),
but probably weakened by systematics &
WN\AP5, m3/2<100eV or so

32



osmological Constant

N

BERKELEY SENAER - FOR

gauge gravity non-
observed mediation mediation SUSY
| | | |
I | | |
NEAA (100TeV)* TeV2Mp/® Mp*

a half way done!

33
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cosmological constant

gravity

@ good size for cosmological constant
@ can also be axion-like quintessence

gaugiNo= o explains cosmic coincidence
Arkani-Hamed, Hall, Kolda, HM

34




Cosmic Coincidence
Problem

@ Why do we see

matter and

almost equal in
Pmatter ™\

amount?

@ "Why Now" problem

@ Actually a triple :
coincidence problem e L e e e T
including the radiation T [GeV]

@ There must be a
reason behind it




Cosmic Coincidence
Problem

® Why do we see
matter and
cosmological constant
almost equal in
amount?

@ "Why Now" problem

@ Actuadlly a triple
coincidence problem
including the radiation

@ There must be a
reason behind it
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Triple Coincidence

@ Radiation energy density p,~T*
@ Matter energy density p,~(TeVe/M,)T>
@ They inevitably at

@ If there is a reason for p,~((TeV)?/M;)?, all
of them meet inevitably at T~T,

@ Indeed, p,~(2meV)* while (TeV)?/M,~1meV



Unique Window
for Structure Growth

pM’\'-‘-3//\/\P|O-c1nn

~((100TeV)2/ MP,)T’\
pA~((IOOTeV)2/MP,)2

—



Unique Window
for Structure Growth

pMN-‘-3/N\PIO-c1nn
~((100TeV)?/M,,))T

pAN(TZVZ/MPI)Z \



Unique Window
for Structure Growth

pMNTE./N\PIO-cmn

~((100TeV)*/M,)T growth starts

[g growth stops

/

Not a big surprise that we live
in the "coincidence era”.
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OOTeV dark matter

® thermal relic abundance

0736(n+ DX} 35y _ o KTeV)”

QM T 3
1/2 3 2

@ unitarity limit <O vre><41(2T+1)/(M%Vrel)

@ Qm 2 m?/(100TeV )?

@ saturates the limit with m=100TeV

@ just the right scale for SUSY breaking

@ Actually m<100TeV requires light SUSY,
typically m(gluino)<2TeV

39



® Dark matter may
annihilate in the
galactic center

@ very high-energy
gammas (i.e. HESS)

® data consistent with
power law so far

DM annihilations
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— G 0.9+0.1
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— 70% bb, 30% t*t
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S DM annihilations
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@ DM DM — visible -

@ background:
dN/dE=2.5 10712 Eqoy 222 e
TeV! cm2 s -

G 0.9+0.1

800

700

600

500

400

300

[ .

@ signal: N~3.0 10"°> cm=# s*!

@ could show up at higher
energies (Mandal, HM)

@ can demonstrate by
extrapolating weakly

coupled calculable models
(Ibe, HM, Nakayama, Yanagida)
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I T M 3 S
Conclusion

@ neutrino oscillation provides a strong
motivation for leptogenesis

@ conflict with SUSY: gravitino problem
o
@ sneutrino inflation=p? chaotic inflation
o
@ much nicer w/ conformal sequestering
o
@ easy, generic
@ prompt decays into gravitino @ collider
@ very high energy gammas signal?

42
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Theorists

looking for more data fo read!






