Riggs and Beyond

Workshop Summary
Tohoku

Jim Brau

June 8,2013



The Future Begins Now!

® Following half a century of building anticipation, a
Higgs boson has been discovered

® now we are compelled to discover its
properties
® The LHC experiments will continue to refine our
understanding of this recently discovered particle

® We must also plan our arsenal of new tools to
complement the LHC capabilities

® options for the future include precision
measurements and advancing to higher energy
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A triumph for experiment! Extremely tough signals: small rates,
huge backgrounds.

A triumph for theory: amazing that we can predict production,
decay, to such levels of accuracy! All governed by a remarkably

T — 3 \ Michael Dine




and TRIUMPH FOR MACHINES!
2 0 1 2 Steve Myers, CMAC
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Indirect evidence long ago

{ —LEP1, SLD data
80.5 -~ LEP2 (prel.), pp data

68% CL

® LEP/SLC Z-pole measurements

plus mg, mw, and ['w from
Tevatron run-1 and LEP-II
+74

® My=129 GeV
-49
200
Precision Electroweak Measurements on the Z
Resonance

The ALEPH, DELPHI, L3, OPAL, SLD Collaborations, | Al =
the LEP Electroweak Working Group, > _ —
the SLD Electroweak and Heavy Flavour Groups 4 2}'02749102'00012 :

— *= incl. low Q° data [ —
7 September 2005 Né 3. 1
CERN-PH-EP/2005-041 and hep-ex/0509008 2__ |
Published in Physics Reports: Volume 427 Nos. 5-6 (May |
2006) 257-454. 1 _

0 | Excluded w
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3 my, [GeV]


http://doc.cern.ch/archive/electronic/cern/preprints/phep/phep-2005-041.pdf
http://doc.cern.ch/archive/electronic/cern/preprints/phep/phep-2005-041.pdf
http://www.arxiv.org/abs/hep-ex/0509008
http://www.arxiv.org/abs/hep-ex/0509008

—|LEP2 and Tevatron
| —LEP1 and SLD

63% CL
(.\

155 175 195
m, [GeV]

By 201 [, the
EWV precision
measurements
were narrowing
hiding places

Hyun Su Lee

Higgs and Beyond @ Sendai, Hyun Su Lee, Ewha Womans Universi
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Tevatron has
continued to
tighten EW
precision
constraints

Hyun Su Lee



Combination of ATLAS and CMS

-1

ATLAS 2010, l+jets

ATLAS 2011, l+jets
ATLAS 2011, all jets
CMS 2010, di-lept

CMS 2010, l+jets

LHC m_ combination - June 2012, L_=35pb"-49 fb”

ATLAS + CMS PreliminaryNs = 7 TeV
169.3+-4.0+49

—_ 17/45+06+23
—_— 17/49+21+3.9
p——e—— | (55 + 46+ 46

CR UE syst

on

-.‘F r-r-|' ( 4

I

e ——— 173121+ 2.7
e ——-— 1733+ 12+27
CMS petp gl —— 1726+ 04+ 15
LHC June 2012 = = 17/73.3+05+1.3
Tevatron July 2011 KA 17/3.2+0.6 +0.8

= (stalt.) = (syst.)

150 160 170 180 190
M, [GeV]

Measurement of the top quark mass at the LHC reached a great precision.
Some results are not included in this combination and succeeded to

reduce systematic uncertainty.
=> EXxpect to obtain much better combined result in the future.

Combination of ATLAS and CMS results on the mass of the top quark using up to 4.9 fb-' of data

ATLAS-CONF-2012-095

June 7th, 2013

Higgs and BSM 2013

Miho Yamada
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July 4,2012

® Direct evidence appears
with discovery

e ATLAS
e CMS

Francesco Conventi

Serguei Ganjour
+others




Questions abound;
Answers emerging

® |s this the SM Higgs!

® Does this particle, itself,
fully explain electroweak
symmetry breaking and
the origin of mass for all
particles!?

A new boson was found at LHC

— 126 GeV: It’s a very region that
LEP/SLC experiments indicate

— Spin/parity O+
— Decays are being measured

hyy, hZZ*, hWWW?¥*, htt, hbb, ....

— The boson looks like the SM
Higgs boson Shinya KANEMURA

Is it scalar or
pseudoscalar?

s it elementary or
composite!?

Does it couple to
particle mass?

Are quantum loop
corrections known?

What are its self-
couplings!?



Shinya KANEMURA

Introduction
Scalar field in the SM is problematic
Problem of quadratic divergences 5 ”; _ ‘\Z-.v.v«.q:‘?’
Hierarchy problem T 16

Ideas of new physics to solve the problem

* Supersymmetry

* Dynamical Symmetry Breaking (Technicolor)
* Little Higgs mechanism

* Extra Dimensions

Higgs sector = Window for new physics



Naturnalness: Theorists Dogma or Still an

Important Clue?

Most theoretical speculation about Physics Beyond the

Standard Model, and especially TeV scale physics, has started
with the principle of naturalness.

Technicolor, Supersymmetry, Randall Sundrum, Large Extra
Dimensions, Little Higgs.... — all involve problem of constructing
natural theories.

Michael Dine Alternative Futures for Particle Physics
L ————— N

Michael Dine




Naturnalness: Theorists Dogma or Still an

Important Clue?

Most theoretical speculation about Phvsics Bevond the

Standard odel and e<pec g,

with the principle of naturall

Technicolor, Supersymmetr
Dimensions, Little Higgs....
natural theories.

The large radiative corrections look particularly absurd, if, say,
Anew physics = Mp. Says something like

m?, = 36,127,890, 984,789,307, 394,520,932, 878,928, 933, 023

—36, 127,890,984, 789,307,394,520,932,878,928,917, 398

This looks crazy

Michael Dine

Michael Dine Alternative Futures for Particle Physics
*2 T ————




Phenomenological questions

® |s the newly discovered Higgs boson related to
dark matter

® Models of the Higgs field often contain particles
with dark matter properties (eg. SUSY)

® Strong, independent arguments suggest dark
matter particles (VWIMPs) have masses

comparable to heaviest particles connected to
the Higgs field (~100 GeV)



The rationale for precision

Cosmology.

measurements

““The whole history of physics proves that a new discovery is
quite likely lurking at the next decimal place.”

“A precision experiment is justified if it can reveal a flaw in

Fk. Richtmeyer (1931)

our theory or observe a previously unseen phenomenon, not

simply because the experiment happens to be feasible...”

L

S. L. Glashow, 1305.5482

v Dark radiation

Ultra-light relativistic degrees of freedom
at the recombination epoch.

J

Fuminobu Takahashi

@ Hidden gauge symmetry is a plausible candidate
for dark radiation, which may be probed by the
invisible Higgs decay.



10/ 10

« SU(2) triplet fermion with a B-L charge zero is the

best candidate for dark matter from the viewpoint

of minimality. It is also consistent with the MSSM
with the simplest SUSY breaking (AMSB /PGM).

Before LHC starts, the limit on the wino mass was
94 GeV < Wino mass < 2.7 TeV. Now, current limit is
110 GeV < Wino mass < 2.7 TeV. When we seriously
take the thermal leptogenesis, the limit should be
110 GeV < Wino mass << ] TeV.

Several phenomenology of the wino dark matter

has been considered: expected signals at the LHC,

direct detection, indirect detection, and the ILC,

Whole mass range can be tested in future, " Shigeki Matsumoto

Shigeki Matsumoto



Phenomenological questions

® Why is the matter of the universe overwhelmingly
dominant over anti-matter?
® |s this related to the Higgs sector!?

® baryogenesis at the Electroweak Phase
Transition!?



\_ Tile calorimeters
LAr hadronic end-cap and
forward calorimeters
\ / / \
\ Toroid magnets / LAr electromagnetic calorimeters

y / \
| Pixel detector
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Inclusive Background Fit
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¢ From inclusive analysis ATLAS estimated the fiducial cross section
(In| < 2.37):
O, X BR =56.2 £ 10.5 (stat) + 6.5 (syst) £ 2.0 (lumi) fb.

05/06/2013, Higgs and Beyond 2013 - Matteo Sani Matteo Sani 20
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Results

¢ Comparable expected significance between ATLAS and CMS MVA analysis.
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ATLAS 4.1 7.4
CMS MVA 4.2 3.2

Matteo Sani 21

05/06/2013, Higgs and Beyond 2013 - Matteo Sani
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Events/2.5 GeV

* Aclear peak exceeding expected backgrounds is seen around
m,=125 GeV by both ATLAS and CMS.

* Single resonant Z-2>4l pgak Is seen at right position and
height.

CMS Proliminary 5= 7TeV.L=5.1%" {5=8TeV.L = 196"
- . ] 1 > 35.- T ]’ | | | S r nﬁﬁﬁ[‘
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Different flavor results are shown.

Data well agree with the expectation including 125 GeV Higgs signals.
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Conclusion

ATLAS and CMS have performed searches for H= 1t decays in 17.6 and 25.3fb* and for H=>pp in

20.7fb ™.

e VBF and ggF couplings consistent with SM

e First hintofH = 1t

* Promising H = pp analysis for the future

The sensitivities are

NPr«pe

NPpr«e»

Ho>TT H=>pp
expected 1.2 0.77 8.2
observed 1.9 1.8 9.8
0/Osm 0.7+0.7 | 1.1+0.4

19
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- Search for H=>bb not possible in dominant production mechanism

- Gluon fusion production: large multi-jet backgrounds
~ Search for H=2>bb in associated production

> No loops & suppress backgrounds

g ~
ttH gl

9

summary

Search for H>bb

~ Results of Atlas & CMS
~ Test of fermion final state

» Coupling to quarks
Challenging

»agF: multi-jet backgrounds

» Study associated productions
~ No loops: ftH, VH, VBF

oe]
ttH

e d

VBF
VH

I BTTTTTTIN_

ggF 1y D>——>H

) eeceeeneeal”

13.1 (10.5) 5/® 5.8 (5.2)
- 3.6 (3.0)
1.8 (1.9) 15+13/0]1 1.9 (1.0)

CMS: H->bb in VH with significance of 2.10 (2.10 exp.)

Tristan du Pree

CMS

[5+5 /ib]
[19 /fb]

[5+19 /ib]




combined CMS: u=080=x0.14
combined ATLAS: p=1.30%£0.20

Ve=7TeV,L<S1tb"' ys=8TeV, Lz 196"
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I | |
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(") ke : — 1T
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H- 22 ' 4 ;
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\VE=EBTaV. LA -2070 E o= 0.68+ 0.20
Combined n=130+020
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l l I l l l I | - 1 1 l 1 | LA l | .- 1

-1 0 +1 0 2 25

1.5 .
Best fit /o
Signal strength (u) —

Good internal consistency for both experiments.

ATLAS consistent with SM at 9% (but ~40% with flat pdfs for theory unc)

CMS consistent with SM at 16%
y

24




ATLAS result

— +0.5
M, =125.5+0.2 (stat.) ™  _(syst.) GeV

CMS Preliminary 18 =7 TeV.L<S110" \s=8TeV. L1961

— 1
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— + How
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150 / \ a

o /' ]
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CMS result
M, =125.7 + 0.3 (stat.) £ 0.3 (syst.) GeV

Mass and couplings to SM fields correlated in SM H.
Scan L as a function of M, and u (fix relative signal

strengths to SM value).

Nice compatibility across CMS channels.
Difference btw ATLAS individual measurements

studied in detail.

- o -

€ ATLAS Preliminary

™ 10} V=7 ToV:|Ldt = 3648 %"
Vs =8TaV:[Ldt = 20.7 1"

 AM=0 hyp. (- matching
measurements)
compatible with
observation at 1.5%

* Sensitivity to different
assumption on p.d.f. of
exp. systematics, yy vs
ZZ compatibility can
increase to 8%

Alessio Bonato
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CMS Prefminary ys -7 TeV.L<S51M ys=8TeV,L<19.61"
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Relative sign between kF and kV arbitrary in SM (2 out 4 quadrants).
Over-fluctuation in ATLAS Hyy obs yields allows negative kF (t-loop enters in

yy-decay with negative sign).

95% CL region of CMS all in positive k.

Both ATLAS and CMS compatible with SM. 18



Pseudoexperiments

In(L(0)/L(2))

Nner-pe

Scalar particle highly favored
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Searches for Higgs in 2HDM at the LHC

Exclusion limit for 2HDM (Type |)
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Simon Koehlman )

constraints on
charged Higgs

® And high-mass
Higgs searches

Beyond Standard Model Higgs at the LHC

- the more exotic part -

“summ

a

over

Kshort overview of MSSM

* NMSSM searches for:

- al->u+u-

-hy ,->a,a,->4p

-h, ,->a,a,->4y

* dark SUSY:

-hy ,->2n,-> 2y, 2np,->4p 20,
* hidden sector: e- and p-jets
* fermiophobic model

* SM with 4th generation

Qiggs boson rare decays: Z%

* few more ideas

~

* minimal type |l seesaw model: Q**

_/

View' look”

new channels for tanp < 1 n<1)
and to go away from m, max scenario
* NMSSM: there is a wide campaign to
try to close its phase space too, more
analyses to come in the next months

* re-adjust exotic model searches to

incorporate the discovered Higgs

* we need to push further the limits
in the invisible spectrum of Higgs
decays, because

* combination of the CMS results presented at Moriond
sets limits at 0 < BRgg,, < 0.64 at 95% C.L (CMS)

* SM expectation on 95% CL contour of best data fit in
signal strength plane (ATLAS)

Adrian Perieanu Higgs and Beyond 6th June'13 5622
L] L]
Adrian Perieanu
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So far, the 126 GeV state looks like a Standard
Model Higgs boson

But - we have only started to measure its
properties

More channels and precision will come

ttH just. around
the corner?
he

l

Michele Pinamonte
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Shinya KANEMURA

Beyond the Standard Viodel

There are many reasons to consider New Physics of BSM

Unification of Law
— Paradigm of Grand Unification

— Yukawa structure (flavor)

Problem in the SM Higgs

— Hierarchy Problem

BSM Phenomena

— Dark Matter, Neutrino Mass,

— Baryon Asymmetry of Universe
— Inflation

— Dark Energy

New Physics is necessary At which scale?

If TeV scale, they should have connection with Higgs physics



Supersymmetryl lF\’ll‘?w _
ysics

Extra dimensionsl Scenarios

Technicolorl
Little Higgsl

Heavy gauge boson (GUT,...)

Left-right symmetry

Heawy gauge boson (GUT...)]
Left-right symmetry |
Compositeness I
Vectorlike quark. 4th gen |
Heavy neutrino|
Hidden Valley |

Vector-like quark, 4th gen.

Heavy neutrino Koiji Terashi

Hidden Valley

31



= Supersymmetry at low energy scales

+ solves the gauge hierarchy problem.
 leads to gauge coupling unification.
 offers a good dark matter candidate.
(the lightest superparticle if neutral. w/ R-parity conservation)
« explains how electroweak symmetry breaking occurs.

* gives a SM-like Higgs boson.

= NMSSM requires less fine-tuning.

 m,,=125 GeV does not require heavy stops.
» For stops around 1 TeV, we need A around or larger than 0.6.
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SUMMARY

SUSY < o(tev) after Higgs discover
motivations model LHC/ILC/other signals

126 GeV Higgs [™Ples Pevond MSSMIjioht stop and

+ naturalnessle:a. NMssm)—@ liaht Hicasino
See talk by K.S.Jeong | g ggsino.

difficult in simol del (1) "g-2 motivated MSSM"
126 GeV Higgs ifficult in simple models | | can be tested by

non-colored particle search

+ muon g-2 (1) general MSSM | ot LHC/ILC.

> Il " "
( 30 ) (2) model building (2) example: "V-GMSB
--> barely alive. tested soon.
126 GeV Higgs * No problem in simple models (e.g., CMSSM/mSUGRA).
+ Dark Matter
126 GeV Higgs * "light gauginos/Higgsinos + heavy scalars” scenario works well.

+ coupling unification Wino Dark Maﬁer‘(See talk by S.Matsumoto !)

Koichi Hamaguchi
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Higgs boson as a gauge field

in extra dimensions
- Pinning it down at LHC and IL

Yutaka Hosotani

Physics
OSAKA UNIVERSITY

with Funatsu, Hatanaka, Orikasa, Shimotani
1301.1744 [PLB 722 (2013) 941

SO(5)xU(1) Gauge-Higgs unification: promising

@versalify
Bty s N M mg

\

\

~— —
Low energy physics : \ /
close to SM | |
- ot ZW : 5.9 ~ 2.4TeV

(05 : 0.12 ~ 0.36)
H H
A3, Ay

FO FQ) . stable
(exp : mpa) > 0.5TeV)

Yutaka Hosotani

Physics 18

DSAKA UNIVERSITY



Discovering Walking Technicolor
at LHC and on the Lattice

Approx. Scale Symmetry

mm) Techni-dilaton
<) 125 GeV Composite Higgs

Conclusion

® A light composite Higgs can be generated in the Walking Technicolor

(Strongly coupled theory) as a Pseudo-NG boson of Scale Symmetry
(Techni-dilaton), which is Weakly coupled to the SM particles.

® Techni-dilaton is consistently identified with the 125 GeV Higgs




SUMMARY

Large/highly warped XD can be tested at the
LHC.

KK-DM with KK-parity .. |/R<[.5 TeV in
UED

DM+LHC/7&LHC8+EWPT +Higgs already
started to probe a part of parameter space

LHC 14 and future DM searches(Direct/
Indirect) will give us more answers for XD

Seong Chan Park
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“Main” Signatures

Personal “illustrative” view

Final Dii New
jet Supersymmetry _
States T NN /// I Physics

- NS, - - I -
Diphoton ;“ﬁgj;‘};’ Extra dimensions| Scenarios

) . > 'Il

leqson —“{‘e’:‘;iv‘(/];;/, > Technicolorl
Ditop , RN\ . :
Jet/PhOtOﬂ(S) i ETmlss V,'\‘;“. Little nggSI

N\ N
Top - Jets ///)“ .
. ' / A ?- H b GUT, “ee

Lepton + Photon I;/I/ V’@“
Multijet| £/ /] SN .
Multilepton !’//;,‘" Compositeness|

Same-sign dilepton :;" Vector-like quark, 4th
, quark, t gen.

Long-lived particles

Left-right symmetryl

Heavy neutrino

Lepton-jet /
J >
WILZ + |ets \ Hidden Valley

and many more...

. . o
Cover as many signatures as possible-
3

)




T

ATLAS Preliminary e Data 2012

Events

10° Z ~ ee Search = | Exclusion regions:
10° f Ldt=201b" [ Dijet & W-Jets
Exotics Searcl 10'h fo=8TeV Szt oo M, < 2.86 TeV @ 95% CL (SSM)
xotics Searches at 108 (22300 Gew) M, < 2.38-2.54 TeV @ 95% CL (E, models)
Atlas: 102 4 Mg < 2.47TeV @ 95% CL (RS gravitons, k/My=0.1)
10 e =
Heavy Resonances 1 *"-. .‘
107 E H'
Dileptons . e + T L
§_ 1.?
Diphotons F é I | { é
§ 100 200 300 400 1000 2000 3000
Dijets e (G0
Photon+jets
Top-antitop . 'ATLAS Preliminary -
resonances 2 107 -e-Data . .
: — Background Lower Limit on 0 X A
Top + b resonances 10! \s =8 TeV (excited quark model)
| £.dr=13.0 o
I.‘CptOll + MET 10° Mq* < 3.84 TeV
0
Dibosons o2 @ 95% CL

05% CL Lower limit on quark

contact interactions
A > 7.6 TeV

10

T IIIIIIII T llllllll I IIIHIII TT lllllll

Francesco Conventi

o o 1 llIlllll 1 Illlllll | l[ll[lll 1 lllIIlll 1 lIIIIllI

T lmllll

= L -
2000 3000 4000
Reconstructed m, [GeV]

Significance
n © n -
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C SUSY Searches (F))
with Leptons, Photons,
’ Long-Lifetime, or

No Large MET

" Teruki Kamon

. X‘;

Texas A&M University & u I(n u

=7 Kyungpook National University - KYUNGPOOK

On behalf of the ATLAS and CMS Collaborations

BSM Searches

ﬁa)
pku Workshop on Higgs and Beyond
June 6, 2013

Searches for SUSY with
jets + X + MET at the LHC

Albert Olariu!
on behalf of the ATLAS and CMS Collaborations

! Horia Hulubei National Institute for Physics and Nuclear Engineering, IFIN-HH, Bucharest - Magurele, Romania

Higgs and Beyond 2013, 5-9 June, Sendai, Japan

Teruki Kamon
Albert Olariu

Pekka Sinervo

Koji Terashi

otygbs Anja Vest

r: 205113, Event |
p: 2012-06-18 12 T5WNSNE=N

Pekka K. Sinervo, FRSC
Department of Physics
\ University of Toronto

Representing the
CMS and ATLAS Collaborations

Anja Vest
on behalf of the ATLAS and CMS collaborations

“Higgs and Beyond 2013"
Tohoku University, Sendai, Japan

June 7, 2013

WW/WZ/ZZ scattering at high energy at LHC

O

Higgs and Beyond
June 7th, 2013

Searches for Exotics with

Other (than Jet!) Signature
at the LHC

Koji Terashi
(ICEPP, University of Tokyo)

1alf of the ATLAS and CMS Collaborations
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Summary

ATLAS SUBY Searotams~ 8975 CL Lower Limite ATLAD Srbeteer Summary of CMS SUSY Results* in SMS framework
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* Probing a TeV scale > No hints G-,

Y=g et

of SUSY (yet) in very diverse T,

e

Prompt LSP decays

9—qte A

SUSY search programs, including ...

9—~qa9q A°

physics beyond minimal scenarios. =

-qgiv b,

< LHC13/LHC33, & ILC/TLEP along ;-

e
g qtm A .

with direct/indirect DM programs = .-
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CMS and ATLAS

successfully probing
multi-TeV regime

«  Summaries show that
a large number of
hypotheses tested

» But not able to cover

all the topics

Next step is increase
iIn pp energy and L
coming in 2015

Pekka Sinervo

ATLAS Exotice Searches* - 85% CL Lower Limits (Status: May 2013)
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C M S EXOT| CA 95% CL ExcLusiON LiMITS (TEY)

q" (ag). aet
q" (aqw)
qQ (@)

q", dijet pair

q" . boosted Z

e . A=2TeV

. A=2Tev

Z'SSM (se, pp)

Z'SSM ftT)

Z" (1t hadronic) width=1.2%
Z' (awet)

Z' (it Isp+at) width=1.2%
Z°SSM (i) foo=0.2

G (aget)

G (ttbar hadronic)

G (jet+MET) /M = 0.2
G(yy) WM=01

G ZN)Ziqq)) M = 0.1
w v

W (aet)

W' (td)

w'— WZ(leptonic)

WR' (tb)

WR, MNR=MWR/2
WKK p =10 TeV

pTC, nTC > 700 GeV
String Resonancss (qg)
58 Resonancs (gg)

E8 aiquarks (qq)

gluino, Stopped Giuino
stop, HSCP

stop, Stopped Giino
stau, HSCP. GMS8

hyper-K, hyper-p=1.2 TeV
neutralino, ct<60cm

S.Ganjour

Exotica Searches Summary >

Compositeness

.

I
L

w

1

4 5

Higgs and BSM Physics at CMS  REE<EIREE 1M

LQ1, =06
LQ1, P=1.0
LQ2, =06
LQ2, =10
LQsS (bv), Q=21/8, p=0.0

LQ8 (br), Q=22/8 or 24/8, p=1.0

stop (o)

D' — tW, (81, 21) + b-jet

q'. b'/t' degensarate, Vib=1
b" — tW, l+jets

B — bZ (100%¢)

T — tZ (100%)

t' — bw (10096), I+jets

t' — bW (10006), I+

C.. A, X analysis, A+ LURR
C.L A, X analysis, A- LLURR
C.1., py. destructve LLIM
C.\., pu, constructive LLIM
C.1., single & (HNCM)

C.1., single p (HNCM)

C.1., incl. jet, destructive
C.1, inci. jet, constructive

Ms, yy. HLZ nED =8
Ms, yy. HLZ, nED =86
Ms, I, HLZ, nED =8
Ms, Il HLZ, nED =86
MD, monojet, nED =8

MD, monojet, nED =6
MD, mono-y, nED =8
MD, mono-y, nED=86

MBH, rotating. MD=8TeV, nED = 2
MBH, non-rot, MD=STeV, nED = 2
MBH, boil. remn., MD=S8TeV, nED = 2
MBH, stabie remn., MD=STeV, nED =2
MBH, Quantum BH, MD=8TeV, nED =2
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[
L
=
-
-
L
=
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=
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LeptoQuarks

Contact
Interactions

. Extra Dimensions
& Black Holes
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Alternative futures

@ Naturalness triumphs — new physics discoveries at 14 TeV.

Q Naturalnesss fails a little bit: where are the clues to the
next energy scales

Q@ Split supersymmetry: LHC discovery of light gluino. ILC
establishes minimal standard model with extreme precision.
@ Unsplit— ILC again establishes MSM. Intensity frontier
provides evidence for a new scale at 10's of TeV
(1 — e+ ~; dp). Eventually able to probe this scale.

Q Big failure of naturalness

Michael Dine

Michael Dine Alternative Futures for Particle Physics




Alternative futures

@ Naturalness triumphs — new physics discoveries at 14 TeV.

Q@ Naturalnesss fails a little bit: where are the clues to the
next energy scales

Q@ Split supersymmetry: LHC discovery of light gluino. [LC
establishes minimal standard model with extreme precision.
@ Unsplit— ILC again establishes MSM. Intensity frontier

provides evidence for a new scale at 10's of TeV
(1 — e+~; dp). Eventually able to probe this scale.

Q@ Big failure of naturalness

VVe must discover which future is reality

Michael Dine

Michael Dine Alternative Futures for Particle Physics




Ve must discover which future is reality

® Depends on advances in accelerator facilities

® Proton Colliders
® | HC (through 2021)
o HL-LHC
e VHE-LHC

® |epton Colliders

ILC

CLIC
Rings

muC

® Gamma-gamma Collider

44



Ve must discover which future is reality

® Depends on advances in accelerator facilities

® Proton Colliders
® | HC (through 2021)
o HL-LHC
o VHE-LHC
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LHC has just started

2009 ~ LHC startup, Vs 900 GeV

2010

2011 Vs=7+8 TeV, L=6x10*cm=2s", bunch spacing 50ns
2012

2013 | 54 ~ Go to design energy, nominal luminosity (Phase-0)
2014 O
2015

2016 Vs=13~14 TeV, L~1x10*cm?s™, bunch spacing 25ns
2017

2018 LS2 Inject LHC Phase-1

ade to ultimate design luminosity

2019

2020 Vs=14 TeV, L~2x10*cm?s™, bunch spacing

e | ~350 fb
2022 LS3 S HL-LHC Phase-2 D ade: Interaction Region, crab cavities?

2023

20307 Vs=14 TeV, L=5x10%cm?s", luminosity levelling TIPS
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example LHC time line — next ten years

SPS e-cloud mitigation, 200

06* ;\}o‘\,o\e' MHz power upgrade
o(\\ ob‘ Q"@ > PSB-PS transfer
> 1.4 GeV - 2 GeV
6& ’® 60 \6*00

2019 2020 2021

: Injectors
Physics @ 6.5/7 TeV commmissianod
“Ultimate Physics”

> double reach for BSM

“400/fb by 2021?”

NB: not yet fully approved

Ralph Steinhagen, ICHEP2012
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Proton Colliders

¢ ¥=5-10%cms! with luminosity leveling for a
total of 3000 fb-!, expected pileup of ~140

® challenge: maintain detector performance (for
taus, photons, jets, b-tagging, missing ET, ...)

® keep sensitivity for moderate pt objects even
at large n(e.g. to study vector boson fusion)

® | HC experiments have big upgrade programs
for detector components, readout, trigger,

DAQ, computing
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¢ LHC IntL (fbA-1)  mHL-LHC IntL (fbA-1)
3500 -

3000 - O

2500 - L § |
2000 -

1500 - [ .
1000 - O ‘F4>SP1?"

500 -

'S
R YVVOR 3 | | | |
2010 2015 2020 2025 2030 2035

Frank Zimmerman
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u = (0o X BR)/(c X BR)sm (Ap for sM ngx)|

ATLAS Preliminary (Simulation) ATLAS Preliminary (Simulation)
(s =14 TeV: [Ldt=300 fb " ; [Lct=3000 fb' Vs =14 TeV: [Ldt=300 fb'; [Ldt=3000 fb"
det=300 fb-! extrapolated from 7+8 TeV f Ldt=300 fb™' extrapolated from 7+8 TeV

H—>put F

A(I'x/I' y) _ A(tcxhcy)

ol
YY :::::E:l 1 1 1 1 1 1 |

O 02 04 06 038 0O 02 04 06 08
Barbara Mele Tohoku University, 7 June 2013 ATLAS-PHYS-PUB-2012-004 21




HL-LHC Higgs boson couplings @3000 fb™

CMS Uncertainty (%)
Coupling 3000 fb—"
Scenario 1 | Scenario 2
K~ 5.4 1.5
KV 4.5 1.0
K g 7.0 2.7
Rp 11 2.7
Ko 0.4 2.0

Scenario 1: systematics as in 2012
Scenario 2: theory syst. scaled by a factor 72,
other systematics scaled by 1/1L

- With 3000 fb-'the Higgs couplings can be determined with high

precision (1-4%)

Vladimir Rekovic

7/6/2013

HL-LHC. Hiees and Bevond 2013. V.Rekovic
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HH - bbyy (BR~0.27%)

simulated | events passing | events expected
sample oXxBR (fb) | events selection in 3000 fb~!
HH — bbyy (Aggy = 1) | 0.09 1020 42 (SM)
HH — bbyy (Agug = 0) | 0.19 1020 32
HH — bbyy (Aguy =2) | 0.04 1230 66
yybb 111 3.1x10* | 1
ZH(Z — bb,H — yy) 0.04 5% 10° 11600
bbH(H — yy) 0.124 5x10* | 71
yYjj 2% 10° 5% 10° | 0.004
jij 1.8x10° | 4.6x10° | 0O
ttH(H — yy) 1.71 1.2x10° | 379
tt (> 1 leptonic W decay) | 5.0x 10° | 1 x 10’ 741
Total Background - - -

ATLAS-PHYS-PUB-2013-001

combining with another channel with similar performances
(HH-7Tbb ?) and 2 exp.s, one should reach AQHHH ~30% |

Barbara Mele

Tohoku University, 7 June 2013

Barbara Mele
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Proton Colliders

® 80 km (100 km) electron ring could set the

stage for a future very high energy hadron
collider (Ecm = 100 TeV)

® as LEP preceded the LHC

® Proposed lepton collider ring (TLEP) in part
motivated by this long term possibility

® VHE-LHC needs physics justification
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80-km tunnel for VHE-LHC — “best” optlon

%1 Lake Geneva

«Pre-Feasibility Study for an 80-km tunnel at CERN» _
John Osborne and Caroline Waaijer, e
CERN, ARUP & GADZ, submitted to ESPG a8

the same tunnel could host an ete Higgs factory ) e
“TLEP” (Alain Blondel’s talk) and a highest-luminosity = §ip ot '
highest-energy e-p/A collideri“TLHeC, VHE-TLHeC"” LA

..l
LN
d

even better
100 km?

Frank Zimmerman




Ve must discover which future is reality

® Depends on advances in accelerator facilities

® |epton Colliders
ILC

CLIC
Rings

muC
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ILC (International Linear Collider)

staging
Vs = 250 GeV
350 GeV
® 500 GeY CM with 31 km - upgrade later to ~ 1TeV CM with 50 km
® Beam size at IP : 6 nm x 500 nm x 300 um 500 Gev
@® Luminosity ~ 2 x 103 /cm?s I Tev

Hitoshi Yamamoto

ILC Technical Design Report (with costs) completed in 2013 following
nearly decade of dedicated ILC R&D by the Global Design Effort (ICFA)
June |2 - completed version delivered to ICFA in world-wide event

includes detailed baseline designs for two complementary detectors:
SiD and ILD
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JAHEP

A proposal for staging of ILC (October 2012)
— Staging
A Higgs factory with a CM energy of ~250 GeV._to start
» Upgraded in stages to ~500 GeV.(RDR baseline)
» Technical expandability to ~1 TeV to be secured

This is now an official proposal of the Japanese HEP community.

— Guideline for cost sharing

* The host country to cover 50% of the expenses (construction)
of the overall project of the 500 GeV machine.

* The actual contribution, however, should be left to negotiations
among the governments.



Eo. LINEAR COLLIDER COLLABORATION Totoluhrlsto pontiges ard Bgord
R COmsing s aareo 13
819 klystrons Drive Be,am 819 klystrons
ISMW,142ps | | | Generation circumferences | | | sMw42ps
Complex delay loop 73 m
drive beam accelerator P CR1293m drive beam accelerator
——. 1< AL 1 — CR2439m

25km

| Drive Beam '
(TA @~ main linac, 12 GHz, 100 MV/m, 21 km

2.5 km

@' main linac

-

48.3 km
CR combinerring
TA turnaround
DR damping ring
PDR predamping ring
BC bunch compressor
BDS beam delivery system
IP  interaction point

B dump e~ injector, -
2.86 GeV
Main Beam
Generation
Complex

| Main Beam '

booster linac
286109 GeV

Roberto Corsini




Eo. LINEAR COLLIDER COLLABORATION Tokolelsho pordiges ard Baord
R Cosiri SeNrenoss

CLIC physics potential

LHC complementarity at the energy frontier:
* How do we build the optimal machine given a physics scenario (partly seen at LHC ?)

Examples highlighted in the CDR: o)
* Higgs physics (SM and non-SM) =, 10° f H4. X SUSY model lll
* Top - — HiQQS
. SUSY O ~ — %, i, 8
* Higgs strong interactions © 102 o —— charqinos
* New Z’ sector 8 ‘ A
* Contact interactions o 10 y ‘—_\ jua
* Extra dimensions 2 F ; — SM T
Detailed studies at 350 (500), 1400 and — 1 { ’ ’ g P = —_— V.,V
3000 GeV for these processes O ”y - - — NaUtralings
7 —— eutr: 0S
. . 10° 14 e
Operation at lower than nominal energy {' =
0; ' sing'le bc,;n(;:h' : 1 10 2 | | I ‘ h J_‘ Y L‘ O
0s | = / 0 1000 2000 3000
e 077 -
z 06} 'S [GeV]
S 05}
= 3; | Stage 1: ~350-375 GeV => Higgs and top physics
gf | Stage 2: ~1.5 TeV => ttH, vwHH + New Physics (lower mass scale)
'oos " TR ST Stage 3: ~¥3 TeV => New Physics (higher mass scale)

E,rn [TeV] Roberto Corsini .



ssm= (CERN existing LHC
Potential underground siting :

ssss CLIC 500 Gev
V< sese CLIC1.5TeV
sses CLIC 3 TeV

- 1
" ‘e J [
‘-... ‘ - | . ( .......................
¥ Jura Mountains
' ’ . ”~ {l - . & ,s I’ —
: i kﬁ Tunnel implementations (straight) /
g -0’ : t-f . .». b ‘.;‘.‘P"'. J"; O )
' | : - \"}"4#"; ’cﬁ 11
". ‘ l
’ b
> %-.
$ :

> + Central MDI & Interaction Region
v b . A" -t ¥4 A N . ‘. - > — p —
. & p ’ o "“ _:’.—J-E.‘_.' P



Answer is in the B-factory design: a very low vertical emittance ring wit

higher intrinsic luminosity and a small value of B *

e —



TLEP: A HIGH-PERFORMANCE CIRCULAR ¢ ¢ COLLIDER TO STUDY
THE HIGGS BOSON

Table 1: TLEP parameters at different energies M. Koratzinos, A P. Blondel, U. Geneva, Switzerland. R. Aleksan, CEA/Saclay, France; O.
Brunner, A Butterworth, P Janot, E. Jensen, J. Osbome. F. Zimmermann, CERN, Geneva,
TLEP TLEP TLEP TLEP Switzerland: J. R. Ellis, King's College, London; M. Zanetti, MIT, Cambridge, USA.

Z W H t
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So total luminosity for a machine with 2 IP should be

Alain Blondel Alain Blondel Higg: L (2.1P) = L (4.IP)/sart(2)
This will need to be verified by proper simulation.




The Next-to-Next Facility

* TLEP can be upgraded to VHE-LHC
— Re-use the 80 km tunnel to reach 80-100 TeV pp collisions
* Or re-use the LHC tunnel to reach 27-33 TeV pp collisions
— In both cases, need to develop 16-20 T SC magnets
* Needs lots of R&D and time (TLEP won’t delay VHE-LHC)

— First consistent conceptual design
* Using multiple SC materials
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Ring Collider

» LEP3 was proposed first 2 years ago but
— Not easy to fit to LHC tunnel
— No advantage of using the tunnel for future proton machine
— Energy limited to 240GeV
— Does not fit with LHC schedule

* Green field projects
— such as Super TRISTAN and Chinese Higgs Factory
— must start from scratch. Too expensive

* Community now concentrate on TLEP
— 80km circumference
— Tunnel can be reused later for HE-LHC

— Earliest possibility is to start operation around 2030 (construction in
parallel with HL-LHC operation)

— 3 energy regions for 80km ring
* TLEP-Z: operated at Z-pole
* TLEP-H: at 240GeV (=2ZH)
* TLEP-t: atttbar threshold

2013/6/8 Yokoya, Kaoru Yokoya



Luminosity vs. Energy

example with

* 1N=2%

. §.y._,=0.15

. g,,gy=0.1nm

* P, =50MW/
beam

Actual design
luminosity depends on
how optimistic or
conservative up to
factor 2

Lmax (10%!/cm®s)

200 260 300 350 400 450 500 550 600
Yokoya, Arlington, Oct.2012 Eem (GeV)

2013/6/8 Yokovya, c
Higgs&Beyong Kaoru Yokoya 15




Comparison of ILC and Ring Colliders

ILC

Can be extended to higher energies
Can be converted to a photon collider

Site power consumption lower
(e.g., 160MW at 500GeV to be compared with >300MW at TLEP 350GeV)

Polarized positron feasible
Much less remaining issues

Ring colliders

Potentially higher luminosity at low energies (e.g., 240GeV in TLEP)
More than one IP possible (if do not care about the cost)

Cost

Ring collider is not so cheap as considered a year ago

Cost of TLEP 350GeV is comparable or even higher than the cost of 500GeV
ILC

In any case, detailed design of a ring collider absolutely needed for serious
comparison

Kaoru Yokoya



Muon Collider Concept

Muon Collider Block Diagram
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Accelerator Types: Linac,
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Proton source: Goal: Collider: Vs =3 TeV
For example PROJECT X  Produce a high intensity Circumference 4.5km
at 4 MW, with 2+1 nslong  n beam whose 6D phase L =3%x10% cm2g
bunches space is reduced by a wbunch = 2x1012

factor of ~108-107 from its olp)/p =0.1%

value at the production En.= 25 pm, g,=72 mm

target B* = 5mm

Rep. Rate = 12 Hz
13  Higgs and beyond @ Tohoku Univ. Katsuya Yonehara June 08,2013 2= Fermilab



Recent Progress | - MICE
jEirst Caupling Coil Cold Mass *
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— First Focus Coil
* Provides:
— Direct measurement of
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— Important simulation
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Maria Krawczyk
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9 good reasons to build PLC

LHC2FC CERN (2009), Photon 2007

1. Precision measurements of the light Higgs boson production
(->bb) and distinguishing SM-like scenarios

2. Testing Higgs selfinteraction
3. Higher mass reach and covering LHC wedge
4. Establishing CP property of Higgs bosons

5. Search for SUSY particles

6. Complementarity to ILC and LHC
7. Photon structure and QCD tests
8. Anomalous W and t couplings

9. New physics inyy = vy Maria Krawczyk
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3 New Designs that will Produce
10K Higgs/year

HFITT: Higgs Factory in Tevatron Tunnel

SILC: SLC-ILC-Style vy Higgs Factory
— SLAC specific
SAPPHIRE: Small Accelerator for Photon-

Electrons
— Developed at CERN, but can be built elsewhere

Detector and beam environment not more difficult
than what we are experiencing at the LHC

Mayda Velasco




Vision of Future Facilities (l)

® A personal view

® | HC will continue to advance particle physics
through the 2020s (LHC = HL-LHC)

® The ILC is the ideal complement to the LHC; turn
on could happen while HL-LHC operates

® TJechnology is developed; cost well understood
® result of decade of intense GDE R&D program (ICFA)
® Major Higgs production mechanisms now known at the
ILC = No lose theorem (YY Collider is an option)

® M= 125GeV makes many decay modes accessible
® Does |25GeV boson have the required properties of
the vacuum condensate!
® |apanese preparing to host - rare opportunity should not

let pass
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Expected Precision and Deviation
Combined Fit with LHC data

g(hAA)/g(hAA) | -1 LHC/ILCT/ILC/ILCTeV

Assumed Luminosities
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Figure 2: Comparison of the capabilities of LHC and ILC for model-independent measure-

ments of Higgs boson conplings. The plot shows (from left to right in pach set of error hars)

1 o confidence intervals for LHC at 14 TeV with 300 ™", for ILC at 250 GeV and 250 fbh~!

(‘ILC1’), for the full ILC program up to 500 GeV with 500 b~ (FILC’), and for a program

with 1000 b~ for an upgraded ILC at 1 TeV (‘ILCTeV’). More details of the presentation  SUSY
are given in the caption of Fig. 1} The marked horizontal band represents a 5% deviation Thid, Uhrr wor (1 TeV .
from the Standard Model prediction for the coupling. ¢l LTA ( )
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Steps to realize ILC are under way




Vision of Future Facilities (ll)

® Beyond HL-LHC/ILC era

® First, need physics justification for higher energy

® just as the earlier experiments anticipated the

top quark and Higgs mass, LHC/ILC will probe
mass scales beyond their direct reach

= might find energy scale of new physics

® VHE-LHC is a possible future hadron collider

® CLIC and muon Collider offer competing

options for high energy lepton colliders once
either(both) technology is developed
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Conclusion

Discovery of a Higgs boson ushered in a new era
in particle physics

Very large effort has been mounted to study this
new particle and to search for other new physics

® excellent presentations at “Higgs and Beyond”
Several well motivated options for future

It is a good time to be a Particle Physicist
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® Thank you to the organizers for an
excellent workshop




