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nu YMLSSLOWN
(I Ehinie)

o KM didnt give me an explicit mission here ...s0 I would choose
topics based on my own taste

o I think it is an exciting time for particle physicists and
cosmologists because new experimental missions get funded and
some of them Prc}dw:e Lots of interesting PATA from Nature

o Some results appear as expected (Higgs) with some un-expected
details (mass, etc) but some others are totally unexpected
(accelerating universe, cosmic ray, super high energy neutrinos)
and have big impti&a&ioms (mflation, CC Probtem, DM.D

o , which I think is quite relevant for my stringy friends (will give
you more evidences Later)



nu YMLSSLOWN
(continued)

Let me bry to update “current status” of particle physics
&. cosmology to you

Focuses will be o new Dark matter models (WIMP,
WIMPless, WIMPZilla, excited DM ...) and their Passibie
detections (direct, indirect collider...) indeed, some
group claimed that they found DM. (Lec #2)

and also on cosmic inflation with some potential
detection of signatures of primordial gravitational
waves from inflationary era. I will discuss the
possibility of ‘Higgs inflation’ because I think it
interesting. (Lec #3)



Lecture 1

o 8 reasons for BSM



The year of
etamem&arj scalars

o March 2013, the CERN 0{{&&&&&3
announced “a Higgs boson” is
Aiscovered.

o Planck 2013 data sugqests “a single
scalar field inflaton”



A Higqs bosown

o 1933, Fermi introduced a parameter
&~ 10M-81/ (proton mass) 2 ~(300 GeV){-21

o L = G> qqi.v ; 4 Fermion opera&or &w beta-
ciecav (mom“rehormatiz.&bte)

o 1t took a whopping ¥O years to come to the
place where we now have a U\f*@ompieﬁe
theory of strong, weak and electromagnetic
thteractions,



Higgs in the SM

- A scalar field (s=0) (2,1/2) of e
sU(2),,XU(1)y: “doublet” o ( )

- Tachyonic, develops non-zero
VEV sU(2)XU(1) te U(T),.

+ Requiring Renormalizability, two free B 2 2 2
parameters in the general V(H) 5 )‘(|H| TEA /2)

renormalizable action



Higgs in the SM

* W-mass and gauge

coupling measurement or
equivalently Gg : vev =244
GeV |

e Mass=125.9 GeV from the
LHC!

Now, a( { the parameters in the Higgs sector
are experimentally measured!



Current status of Higgs mass measurement

_ +0.26 +0.13
my = 125.36 £ 0.37(stat.) - 0.18(syst.)GeV

ATLAS arXiv:1406.3827
mpyg = 125.9 £ 0.4GeV
PDG new




Decay pattern is consistent with the SM!

_ Ne:z:p
TN
theory

CMS PAS HIG-14-009

= 1.00 & 0.09(stat.) To o5 (theo) & 0.07(syst.)




A or (g/2v)'?

107"k

- The Higgs in the SM plays two main
roles: EWSB (or gauge boson masses)
and fermion masses. Both have been
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The SM s
confirmed!

o all constituents of matter (& flavors of quarks,
6 flavors of leptons) are all discovered and
their properties have been measured

o all qauqge interactions are observed and
measured with a great precision

o all parameters including 2 parameters in the
Higgs sector (mass and self-coupling) are now
measured (in total 1% free parameters in the
SM)



The SM v&tid&&j
range?

o Having discovered ‘Higqs boson” (a or the
Hiqgqs?) at the LHC, we are how confident
that the SM worlkes,

o ...iks vatid&&:j s checlkeed up to electroweale
scale (LEP, Tevabrown, LHC...)

o ..may be valid all Ehe way up to the
Planck scale wikh rev\armati,z.abitwj
(though umtiw‘etv)



LHC run-1 failed to
catch a BSM sighal

o e.9. gluinos, squarks are ruled out
up to ~0(1.3) TeV in a simple MSSM



ATLAS SUSY Searches* - 95% CL Lower Limits

Status: ICHEP 2014
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*‘Only a selection of the available mass limits on new states or phenomena is shown. All limits quoted are observed minus 1o theoretical signal cross section uncertainty.




o “Naturalness” suggests SUSY particles below 1
TeV to stabilize the Higqs mass 128 GeV

o Physics may be not simple bubt conkrived



Badi
B '_..z

t. production, t— b f f °/t—>cx ti>Wb7, /t—>tx Status: ICHEP 2014
|
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Q. Why do we think that BSM
really exists?



Beside “naturalness & simplicity”
there are ot least § reasons for BSM!



[1] DM

‘Kinowins

o Askronomical search excludes (107-7,

10) solar mass “dark asktronomical
- n [Afonso et. al. (EROS Collaboration) 2003 Astron. Astrophys. 400 951]
obJe&&s

Q,,h* = 0.14 + 0.02
Qih? = 0.024 + 0.001

o CMB excludes “Baryonic dark matber”
Spergel D N et al (WMAP Collaboration) 2003 Astrophys. J. Suppl. 148 175

o gravitational Bohr radius < galaxy

scale otherwise a halo wouldnt form.
Hu W, Barkana R and Gruzinov A 2000 Phys. Rev. Lett. 85 1158



Model Lv\c{epemd@\&
Limik ol DM mass

o M=(107%, 10°°) GeV (f fermion, bound
stronger due to the Paull pressure)

o not very precise =

o ...but certainly improved since the
first Proposai bv Frikz Zw&tt&v L
1930s: v ~ <T> ~ Mass {(virial motion of
astronomical objects)



DM U the SM?

ELEMENTARY Known DM properties
PARTICLES e Gravitationally

}‘" & inferacting

(¢

° Not short-lived
° Not hot

3

DK

:

e Not baryonic

Unambiquous evidence for new parﬁdes!



A big Erc‘)&f\v

o A&@_r many 3@.&1’5’ digqing into
particle physics, we end up with a
conclusion that we c:-vd.j kihow about
§% of the energy budget of Universe.

o Revealing the nature of DM is one of
the most important mission now

o (wore n Lec#?)



[2] neuktrine mass

| —— Prediction without neutrino oscillation
Prediction with neutrino oscillation
® Super-Kamiokande measurement

>
|
150‘L~

Number of Muon-Neutrino Events



012 # 0

The Sun
Source of Neutrino
4p—>He+2e*+2ve

observed =1/3 * expe«c&ed

Ahmad Q R er al (SNO Collaboration) 2002 Phys. Rev. Lett. 89 011301
Eguchi K er al (KamLAND Collaboration) 2003 Phys. Rev. Lett. 90 021802



e e [ e ] 2} S e — D —— ¢ T
Measurements of sin® 20,
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Daya Bay
Double Chooz
—T2K
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— Average
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T‘Q&&%OT‘ An F P et al (DAYA-BAY Collaboration) 2012 Phys. Rev. Lett. 108 171803
J.K. Any et al (RENO collaboration) Phys.Rev.Lett. 108 (2012) 191802

(hue source)



In the SM, neubrinos are massless
since there’s no Yukawa berms

Ly = _?JUQLHUR o deLng % yegLI:IBR

A simpt@. extension with singlet scalars
(fwo or wmore) allows Dirac masses...

vl Hug

.even Ehaugh fawtv el (Sum
c::wf Mau) < 0.1 eV << M << Miop)

(more in Lec#3 if I have time)



] Acceleraked
QXF&MSEOM

o Accelerated expansion of universe is
dir@.«tﬁj observed wikth SNs i ij@.la, a
standard candle due to ikts absolute
Luminosity is decided by
Chandraseichar Limit

' o
H 3
i N
J

o The expansion rate is consistent with
the ‘Dark energy’ component about 70%
of energies.

Perlmutter S et al (Supernova Cosmology Project Collaboration) 1999 Astrophys. J. 517 565
Riess A G et al (Supernova Search Team Collaboration) 1998 Astron. J. 116 1009



Dark emergv

o The data are cownsistent with cosmological
constant, which gives P = — PA




Naive estimabion of

Lambda
Ly — .ok
SM fields: A ~ (300GeV)*
GUT: A ~ (10**GeV)*

Plawncle scale

ijsi;cs: A ~ (1019G6V)4



The worst miserable failure in
theoretical thsms

Dmeagire = (1.35 0. 1580 10" S

J.D.Barrow, D.J. Show Gen.Rel.Grav. 43 (2011) 2555-2560

nb) Based on WMAP7 but not much
change tn Planck 2013



[4] A&&usaliﬁj LA
CMBK

CMBR is pretty homogeneous and isctropic.
Difference is 10751 level, (much smother
thawn billiard ball!))

cosmological principle: we are not special’

CMB formed after 350,000 years after “hot big
bang” (which is more consistently described
by “reheating”) but there was no time for
different part of CMB communicated before.



They never talikked before buk
share information...acausality happened?

Figure: Wang, Yi [arXiv:1303,1523]



solubtions?

o Causality violation i early universe (X)

o different parts of universe were actually
in conbact before conventional BB
exfmmsmv\

o r_univ < 10M-18tm => ™60} r_univ in
a short time explaims the pkemomemm
(Inflakion!)



I Our present universe
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Figure: Wang, Yi [arXiv:1303,1523]



Planclke resulk
mppar% inflation

Omega_k <<

Curvature is {60} diluted during the
inflation so that a small Omeqa_k is indeed
expected by inflation

but ‘direct’ confirmation depends on the
actual properties of inflationary mechanism

Is the only scalar in the SM (Higgs)
responsible for inflation ?2? (more Lec # 3)



[§] B&r:jc)m number

o related with [4].

o Inflation erase any sizable amount
of primordial baryon density...

@ ...80 bar:}ons (ideed quarw’s ahnd
leptons) are created after inflation



o The observed amount of baryon
d@.ms&v LS (mmb/v\mphoﬁom)”ﬁ*lo’\%lc)}

o The SM can create Baryons bj (CP-
violating phase in KM makbrix) + (B-
number violating anomalous
interactions)+(out of equilibrium)
(Sahkarov 3 conditions)

o I~ 107 -20} in the SM is hot
enough :=(



What f no BSM?

(ho DM / large CC) no galaxies thus no
stars, ho human, no skring theorists on
earth!

not enough bm*vcw\s (Ehus no akom, no
molecules, no string theorists!)

universe without causality (thus no string
theorists!)

noe heubrine masses (Q. its ik Okmv wikh 30%?)



“BSM physics is important for

f 2

lives of string theorists:



o0 O‘Wj observakion?
E Black Holes

o

f and

: Superconformal Mechanics

-
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You may work together with a particle phono-guy
(f he is gqood :-)

Compact hyperbolic extra dimension:
a M—theory solution and its implications for the LHC

Domenico Orlando” and Seong Chan Park”

Institute for the Physics and Mathematics of the Universe (IPMU)
The University of Tokyo 5-1-5 Kashiwa-no-Ha, Kashiwa City, Chiba 277-8583, Japan
Emails: “domenico.orlando@ipmu.jp, *seongchan.park@ipmu. jp

ABSTRACT: We study M-theory solutions involving compact hyperbolic spaces. The com-
bination of a gap a la Randall-Sundrum and the topology of an internal Riemann surface
allows a geometrical solution to the hierarchy problem that does not require light Kaluza

Klein modes. We comment on the consequences of such a compactification for LHC physics.




So, where’s BSM?

o It is nob clear whether TeV scale is
the right scale of BSM ...

o Dont forget Mom can be anywhere in
(10732, 10%°) GreV!



Systematic way of
thinking BSM

1
L=Lsm+—Ls+—Lg+"---

AUV A%JV

o whatever scale is for BSM, we may systematically
analyze low energy phenomena (e.g. 4 jet final
states i the LHC run-2) bfj higher order opera&orsq

o when the available energy approaches to the cut-
off scale, higher level physics will be more and
more relevant (=> thus experimentally seeable’)



the SM and Uy-

1
Lsm = —g—F2 +YiDy +|D, H|* — yyy H

= aquo\ciro\hcau.j hE
o\quo&w&uj sehs&wa




Dima & Qperaﬁar
(umiqu@.!)
Ls = (LH)(LH)

nb. L and H have exactly same charqges’

Lr R,

Avv  Apv

thus swall neubrine mwass is realized.,
* Find the UV scale for neubrino masses ~o.1 eV



Div—& Qper&&:'rs
; M&Mv




experiments for
BSM

———>---> |epton flavor
——> - » quark flavor

—» - -==3» dark matter
—> LHC

—> [evatron

Unified
Theories

102 10* 106 108 10 10'2 |04 Q' Q'8
experimental reach [GeV]

(with significant simplifying assumptions)

we need a large range of experimental
reach



D

TeV scale BSM

.indeed naturalness arqument seems to be the
only strong argument for a TeV scale BSM...

. whitch s otk U kension wikh s&mptmiﬁj

But dont forqget sometimes Naoture is unkind to us.
The LHC run-2 will probe more kerritories and we
will learinn more

Even 100 TeV machines are proyasea& in Europe
and also i China., ILC is prc}posed LA ‘.‘Japan. 1
dont loose nmy enbhusiasm.



Summary of Lecl

@ SM is ln good shapa but BSM cries out from
evidences DM, DE, neubrino, inflation, Baryon
asvmmeEr:} i hature.,

o Different energy scales needed to be checked
with various experimental attempts...

o ndeed, more evidences will come from new
experiments and we will learn more in coming
years. (String theorists can contribute to
phenomemotogv!)



