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YOUR PROBLEM 1S THAT YOU I
DON'T SEE THE BIG PICTURE.
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Status

Where are we ?
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In summary

We have observed a new
boson with a mass of
125.3 £ 0.6 GeV
at
4.9 o significance !

Higgs search
update 04.07.2012

2013/12/11 ILC Toku-sui ann. WS 2013 Koji TSUMURA



AT

3 decay channels are seen (230, each)
Spin O Is favored

Bl EWW E<>Z%Z%

ATLAS Prellmlnar e Data Sp|n0
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The Review of Particle Physics (201 3)

Higgs Bosons_—_Hga—nd HE July 2013
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So far, so GOQD.
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New Era of the SM
started

What we need ?
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SM Is successful

Precision test

II(c) 11(d) II(e)
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Higgs:
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Higgs:
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SM Is successTful
“Deviation” in p - Predict M,

Hi}i:h

® Tevatron
I SM constraint

68% CL
0
The LEP EWWG,

Phys. Rep. 427,257 (2006)
t b Direct search lower limit (95% CL)

W, Z .
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SM Is successful

“Deviation” in p % Predict l\/lh

rch 2012
[ ]

5) _
Aopag = .
. — 0.02750+0.00033
5 % ----0.02749+0.00010
" _ 5 .
L eee incl. low Q° data

. LHC
excluded .. A.-M excluded
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SM Is successful

EM: @ Precision test

a4 DO inclusive jets
o DO angular correlation
o H1

ZEUS

g STV (NS
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SM Is successful

EM: @
€ Why not?
EW: @ iggsiprecisionk(If€)

Higgs force
(Origin of mass)

h=sv+h
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Why Higgs?
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“Energy Frontier” study for Showmass 2013

Introduction
the discovery of the Higgs boson has changed our viewpoint ---

1st, the Higgs boson completes the particle spectrum of the SM.
" It is clear now exactly what the model does not explain.

2", one of the key mysteries concerns the Higgs boson itself.

3rd, the Higgs boson itself give us a new experimental approach.

\

We are here !l

This is a new tool to probe New Physics.-scale.
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What is the SM 7

Matter contents - quarks, lepton, Higgs (completed)
Gauge symmetry = gluon, W, Z, y (tested)
Renormalizability - loop corrections (testeq)

All parameters are now fixed!!
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Not yet Tested !!
What is the origin of mass 7

Higgs mechanism ? Fermion Mass hierarchy, mixing, CP violation ?

o0 — (v+ h)/V2

:
iimv/ el <o i
\o

Higgs mechanism  Yukawa interaction Higgs self-interaction

£ =+ Dol Tora e

OTP + Aéclﬁcb
non- Gaug force
| [IEJFL]ER(I)‘FHC
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| LHC = 300/fb
ILC = TDR |

| M. Peskin
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coupling

Ag/g

Baseline

LumiUP
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+1TeV

HZZ
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3.0%

1.2%

2.3%

2.7%

1.2%

0.93%

8.4%

8.2%

4.5%

2.4%

14%

7.8%

11%

5.0%

2.5%

<0.95%

<0.95%

0.44%

83%

46%
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M, as an input

Need further pre's_lon | E)I\/Ié,\,1 to, dis Crlmlnat?i‘mo M. Baak

'or due to uncertaint

Parameter  Scenario : , Otheo par OMpy  0Mz  dmy \N® » Oag
Present : : ) 0.2 2.6 - 2 ," 1.7

My, Mev] LHC : : :
ILC 5 1 3 . ’(, b. ) %&&
Present ).! 7 \()% \6528 1.0

LHC 9 x\OV 5 1.9 1.6 1.0
ILC 3 i 7 . : ‘@ 1.6 0.2
(®)In units of 1075,

o~
‘ \& \N Sin elﬁ\and will be) sensitive probes of new physics!

‘5
Uncéﬁ%lnty on M,y from Global Fit is reduced to 15 MeV w/ M,.
[ More precise than direct measurements (=20MeV) !l ]
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M, as an input
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80.
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Need Theorist’s effort M alesiaTy Iﬂ Ut

Parameter  Scenario , , oMy  O0Mjy
Present 15 : : 0.2 2.6
My Mev] LHC : . : - 26
ILC
Present 16
sin6%; (°)  LHC 16
ILC 1.3

(®)In units of 1075.

| {f threshold - 15 mass 174.0 GeV
- —TOPPIK NNLO + ILC350 BS + ISR

| I simulated data: 10 fb point
— —top mass + 200 MeV

Lo Co

( U‘
cross-section [pb]

= M,, and sin?0'esr are (and w

350 355
s [GeV]
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M, as an input

A\
1672 e — by e
v

O be or not to be.

Our vacuum may be unstable

—_
3
=
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s

To confirm our safety,
we need more accurate M..
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10°

M, =125 GeV
30 bands in
M,=173.1 £0.7 GeV
ay(M,) =0.1184 + 0.0007

M, 1753 GeV

108 1010 1012 1014 10]6 1018 1020
RGE scale y in GeV




Beyond the SM

Why ? Where is it 7
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What is the Beyond SM ?

The SM is now completed.
What is the mechanism for charge quantization ? S
PQ sym.? Why does the strong interaction not break CP ?
What is the correct theory of neutrino mass ? >°es8W?
- What is the mechanism that led to baryon asymmetry ?
EW baryogenesis? What is dark matter ? wiMP? Axion?
Cosmological const? \What is dark energy ?
What was the mechanism of cosmic inflation? Inflaton?
TOE? How are the four forces and matter unified ?

How can gravity be quantized ? gying?

viXtra.org
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No

Principle at all !

~ Why u2<0 ?
Are there any underlying dynamics 7

Fine-tuning 6m,2=A? 7

Why is the Higgs so light ?

Minimal Higgs sector ?

Why does the nature choose one doublet ?

20T + A (BTD)?]

: | lfijFLfR(I) ot H.C.}
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Dynamical Symmetry Breaking

~ Why u2<0 ?
Are there any underlying dynamics 7
No reason!! /

Dynamics

[ BCS theory for superconductors ]
Attractive force = cooper-pair 2> symmetry breaking

[ Chiral symmetry breaking ]
QCD - gqg condensate > symmetry breaking
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EW Symmetry Breaking
Why u4<0 ?

Are there any underlying dynamics 7

No reason!! /

Dynamics

~ I

B t ,""+\
ersymmeiry-

u?<0 is induced from radiative corrections (dynamically)
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EW Symmetry Breaking
Why u4<0 ?

Are there any underlying dynamics 7

No reason!! / : @*‘J@p

é\JW@‘

B ()
% A3\ A
"O‘\ Q (l’[tle 00 N___/

u?<0 is induced from radiative corrections (dynamically)
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Is the Higgs mass natural ?

Fine-tuning dm,2=A? 7

Why is the Higgs so light ?

il LELLL AV
(125GeV)2 WM &2 (@)

Quantum corrections to the Higgs Mmass

Unnatural (cancellation w/ counter terms)
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Is the Higgs mass natural ?

Fine-tuning dm,2=A? 7

Why is the Higgs so light ?
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Is the Higgs mass natural ?

There can be mixing with partners of Gauge bosons, top quarks.
Precision EW and top studies are necessary.
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Non-minimal Higgs sector ?

Most likely to be a doublet,
but possible mixing w/ other multiplets

Additional Higgs bosons are introduced !! Extended Gauge sym.
H, A, H+, H++, _ r
Singlet
e . . Additional doublet
SM-like Higgs couplings deviate from SM Triplet e
Neutrino mass Septet

L=+|D.8|" - [+n2le ”Mcb%y)ﬁh}ugw
- [+Y3; Frfr® + Hee!] w\“\max\xq?
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Non-minimal Higgs sector ?

Most likely to be a doublet,
but possible mixing w/ other '

(LCWS2013) H CMS 172

J i

CMS 250 500 500up CMS 250 500 500up

At least T % precision for M>1TeV (M is a new Higgs scale)
[ pre-factor: loop suppression, tanf enhancement, non-decoupling effect ]
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Model discrimination

hbb

| 3
| LHC30 050

1 \
0.99 ©

LHC30)

0.80 ‘
0.8 0.85 090 095
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-So far, No New Physics.
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SUSY confronts LHC data

MSUGRA/CMSSM: tan(p) = 30, A

-2my, u>0

Status: SUSY 2013
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"\ATLAS Preliminary

fLat =20.1-20.7fb "1 =8 TeV

95% CL limits.o3YSY not included.

theory
- - Expected
w= Observed
- = Expected
=== Observed
- - Expected
wwss Observed
- - Expected
s Observed
- = Expected

— ()

° Gluino

arXiv: 1308.1841

T

0-lepton, 2-6 jets
ATLAS-CONF-2013-047

O-lepton, 7-10 jets
0-1 lepton, 3 b-jets
ATLAS-CONF-2013-061

1-lepton + jets + MET
ATLAS-CONF-2013-062

1-2taus + jets + MET

T

T

lllllllllllllll

3 b-jets

111

1 1 | I 1 1 1 | I

Does ILC dlsc:over new partlcle’?

l

1

1 1 1 _1
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Light or Heavy SUSY?

pp—>xx—>gf*l§|—>xllxll
T ) I ||||||||||||I||

/I ATLAS Preliminary

i
i ILdt 20.7 fb", {s=8 TeV

NLSP : {i,

- — Exclusion

Observed limit (+1 cSUSY)

[T Discove ry Expected limit (+10,,)

50 + 3 ¥ All limits at 95% CL

IIllIIIIIlIIIIlIIIIlIIII

ILF BSM Whlf

0540 242 244 246 248 2éf>ov Degenerate SUSY
Vhuse [GeV] * s still alivell

11 I | | | | | l | I | | L 111 I | | I L1117
200 250 300 350 400 450 500
M_o [GeV]

R Dol colored.particles

violation
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New Physics Zoo

SUPERSTRI Grand
M—tMov—y heferot'c

(.(n €cation
CT Ro fon n, E’xE’

Type- E@:e Ire ar\
B t 'wedon’

® At
BV

® We really don’t know
what is going on at TeV



ILC Physics
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: Any Deviations
ILC PhySICS = New Physics

Precision Higgs/top/EW study \Z‘

« Model independent determination of Higgs couplings (%-level)
« Invisible(exotic) Higgs decay / Total width
* Precise determination of M, (few MeV)
« Improvement of Triple Gauge coupling measurement
« Precise determination of M, (100 MeV)
«  Precision measurement of top coupling (incl. rare decay)
- Improvement of a, @ Giga-Z
- Higgs self-coupling measurement
(experimental reconstruction of Higgs potential)

Search for New Particles in LHC blind spots

- Light EW new particle (Higgsino, new Higgs, DM)
« Follow up any discovery @ LHC
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Any Deviations

SUMMary = New Physics

Ono

Precision Higgs/top/EW study \Z‘

- Model independent determination of Higgs couplings (%-level)  ;aneha
» Invisible(exotic) Higgs decay / Total width Jatanu gl
« Precise determination of M, (few MeV) Ishikawa
« Improvement of Triple Gauge coupling measurement
« Precise determination of M, (100 MeV) Horiguchi
«  Precision measurement of top coupling (incl. rare decay)
- Improvement of a, @ Giga-Z
« Higgs self-coupling measurement Kurata

(experimental reconstruction of Higgs potential)

Search for New Particles in LHC blind spots

- Light EW new particle (Higgsino, new Higgs, DM) TS
; ori
« Follow up any discovery @ LHC
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Summary
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Summaryaa of my talk

A Higgs boson is confirmed.

STATU S No New Physics, so far.

Where are we? Precision measurement of h, t, W/Z.

(Direct search for New Physics).

N eW Era Of the S M Indirect search for New Physics.

What we need to do” Higgs forces are totally unknown !

Physms Beyond the SI\/I SMis NOT satisfactory-

(v, DM, DE, Baryogenesis, inflation, GUT, string,--*)
Why? Where is it?

ILC Physics

What dowe do? Determination of New Scale
IS a key iIssue @ ||_C.

We don’t know the scale.
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Thank you for your attention
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