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Beyond SM?

atoms
® dark matter
@® dark energy

e \We cannot explain
e neutrino mass (1998)
e dark matter (2003)
e dark energy (1998)
e inflation (2013)
e baryon asymmetry (2013)

* theoretical expectation:
e Higgs is the portal
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Higgs boson frozen
In the Universe

Frozen Higgs

.

- electron

Photon
Y

Credit: Newton Japan

Just the right amount of Higgs boson for us to exist!






Who is he keeping us /8
from falling apart? 4
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History of Colliders

lepton vs hadron

. precision measurements of neutral current

(i.e. polarized e+d) predicted mw, mz

. UAT/UAZ2 discovered W/Z particles
. LEP/SLC nailed the gauge sector

. precision measurements of W and Z (i.e. LEP + Tevatron)

predicted m: and mn

. Tevatron discovered top, LHC discovered a Higgs particle
. Higgs factory nails the Higgs & top sector

. precision measurements at Higgs factory predicts 7?77



Vision

Coupling
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Globatron
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Ecm=3 TeV p p fixed target experiment
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ete- collider experiment as small as 100 km




Higgs as central theme

e Higgs is at the center of the Standard Model
* the only particle that talks to everybody

* the only particle that doesn’t spin

e the only particle that is condensed in the universe
e the source of all masses of elementary particles

e We don’t know why it is the case for any of the points
above

the lowest order coupling to new physics

unbelievably important & special particle!
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| hated It!

¢ Higgs boson is the only spin O particle in the standard
model
e we have never seen one before
e faceless particle!
e one of its kind, no context
¢ pbut does the most important job

¢ The theory looks very artificial

e we still don’t know dynamics behind the Higgs
condensate

® Higgsless theories: now de— -
LT ST




Context for Scalar Bosons?

Supersymmetry
e Higgs just one of many scalar bosons
e SUSY loops make mn2 negative
® superpartners
composite
® spins cancel among constituents
e condensate by a strong attractive force, holography
e top partner, pPNGBs, vector-like quarks
Extra dimension
¢ Higgs spinning in extra dimensions
e new forces from particles running in extra D
o KK particles

a different “naturalness’” argument
Higgs boson must know something about them



Higgs mass range

SM (valid up to Mp) —

preferred

Supersymmetry !
MSSM I 3
: preferred
Composite Higgs *

1
GeV

50 100 150 200

By A Pomarol



dream case
for experiments

—
1

©
@)
-
>
[
@
-
+
oC
m
7))
O)
D
L

200
M, [GeV]

stupid notto do this!




What you can’t
see at LHC
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LHC vs ete-

More crisp images




ete-

* simple kinematics

* no loss of the longitudinal
momentum (modulo photon
emission)

e can make use of all final states

* not just easily identifiable
particles (i.e. leptons@LHC)

e capture all information for a
given event

m™m

0
115

Signal+Background
—— Fitted signal+background
—— Signal

Fitted background

120 125 130 135 140
m /GeV

recoil




has siblings? (2DHM)
not elementary?

Deviation fro

only one

Lumi 1920 fb-1, sqrt(s) = 250 GeV
Lumi 2670 fb-1, sqrt(s) = 500 GeV

MSSM (tanf =35, M, =700 GeV) MCHMS (f =1.5TeV)

C T b t w Z

not elementary

Deviation fro
Deviation fr

has siblings




arXiv:1905.03764
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bia Pictures Industr

anti-matter
suspended

IHE nhm CODE billion trillion
/tr’rlﬁcn dollars

A scientist at CERN produced a quarter gram of anti-matter
without the knowledge of the Director General
falls into wrone hands!




Beginning of Universe

1,000,000,001

matter anti-matter



Complete Annihilation

matter anti-matter



Beginning of Universe

1,000,000,001

matter anti-matter



When Higgs froze

1,000,000,002

matter anti-matter



How we were saved

matter anti-matter



Did he save u
a complete annih

Who is he keeping us ,
from falling apart? [




baryogengeS|s + DM

dark sector

Bdark=Ldark

Ndark o YV - vV miXin
T———Xing
Why dark matter and baryon differ only by ~5?

Eleanor Hall, Thomas Konstgndin, Robert McGehee, HM,
Géraldine Servant Bethanv Suter arXiv:1910 08068 1911 12342 2107 03308



direct detection limits Caveat: EFT validity
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in Higgs-DM
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Higgs portal




neutrino & Higgs portal

/.

studies needed! %i



Dark Spectroscopy
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Yonit Hochberg, Eric Kuflik, HM, arXiv:1512.07917, 1706.05008




Events/50 MeV
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Dark Spectroscopy

Belle II pl“OJeCtIOIl
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cross section [pb]
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top quark

— tt threshold - 1S mass 174.0 GeV —

I top mass = 200 MeV e

— TOPPIK NNLO + ILC350 LS + ISR 7
I simulated data: 10 fb™/point

345 350 355
\'s [GeV]

fate of the Universe
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|00km vs 91 km (FCC)
Tera Z vs Giga Z (ILC)

Potentially early
realization

lron-based

superconductor for
SPPC
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NEAREST RECRUITING STATION




