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Understanding & Exploring

Particle physics is about addressing
fundamental questions:

e \Where did we come from?
* Where are we going?
 \What are we made of?

e How does it all work?

We seek to understand what we see
and explore where we cannot yet see.



I'ne Path to Discovery
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as a tool of
unaderstanding



I'he HIggs Boson

July 2012: historic discovery @ LHC

LI

CMS Preliminary 415fb" (13 TeV)
> T LI | T T T T T T T L | ]
8 B ¢ Data .
<+ 100 [ H(125) ]
- N B q9—-ZZ, Zy* i
§2] L W 99—2Z, Zy* i
c L Bl Z+X .
® 8o N
L — i,

60— —
40— —
20— —

700 900
m,, (GeV)

Illlllllllllllll|llIlllll|lllllllllllllllllllllll
ATLAS Preliminary e+ Total [ | Stat. == Syst. [l SM

oot e Since then, considerable

Total  Stat. Syst.

progress studying it @ LHC

GWHIGWF 164+ g;; ( gfl - g';; )

Oz Ogr 076+ % (% 0% .% o2 )

oun.ml"ggF 120+ gg; (£ g:ﬁ E g:fg )

B./Bz, 089+ ¢33 (£ o1 ,% oo ) .

o 026 55 (+ ¢ ) lts properties match Standard
B./B, 087+ g3 (£ 017 .+ 0is) p p

By/Bz 081+ %0 (£ 0% . % 0% )

T e Model predictions to ~20%

Parameter normalized to SM value



Relative Error

A
<
-

LN
<
N

10-3

HIQQgs Precision

Precision of Higgs coupling measurement (7—parameter Fit)

Kp Kt| K¢ Kg Kw K+ K7 Ky



lo Understand the HIgQgs

For all the excitement of discovery, we still
know very little about the Higgs

N\ spin. We have seen spinless composite
particles before. We have never seen an
elementary spinless particle!

It appears to be a particle without intrinsic
/’ —
c‘

-

v _ /

Is it elementary, or composite?

The Standard Model predicts that it h
interacts with itself, unlike any other
particle in nature.

Does it interact with itself?
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A Spinless Particle”

Have seen spinless particles in nature already, e.g.
n (quite composite!) and mr(“mostly composite”) mesons

L 1 1
My M m.
~ 0.25fm
~ 0.36 fm

Composite in the sense that they have finite size

. ~ 1.4fm
and are made of more fundamental constituents



A spinless particle”

|s the Higgs elementary or composite”

Beginning to probe the size of the Higgs at the LHC,
but at end of the LHC will only probe rm-like compositeness

. 1 . ) . 1
More precisely: bound “size” corrections such as SAZ (8M1H\2)2
CEPC
1 1 I 1
dmyy, Mp 25mp,
~ 0.32am ~ 0.06 am

~ 1.6 am

CEPC will probe size of the Higgs well beyond this, providing strong evidence
that the Higgs is elementary. If not, an abundance of new physics awaits.



A Self-interacting Particle”

The Standard Model Higgs is predicted to interact with itself

It so, it would be unlike anything yet seen in nature
(all other interactions Change particle identity)

+

\\/ \\ %‘z

Higgs self-interactions will remain unresolved by LHC.
The CEPC can provide compelling evidence for this self-interaction.
Any deviations would point to a wealth of unforeseen new physics.



A Quantum Probe

\ Classically test Higgs self-coupling ”
\ via Higgs pair production. N

Quantum mechanically test Higgs / \
/\ self-coupling via virtual corrections.

CEPC: measure Higgs self-
Interactions at ~35% level

Powerful measurement of self-
coupling even allowing many
modifications of Higgs properties
in, conjunction w/ LHC data
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Potential Energy in (100 GeV)*

Deep Implications

What is the fate of
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The Value of Understanding

By studying the Higgs boson at the CEPC,

* Either we will discover
something never seen
before in nature (a
spinless, self-interacting
elementary particle)...

% e ...orwe will discover
evidence for an
abundance of new and
unexpected particles.

Even more: precision electroweak; flavor; precision QCD



as a tool of
exploration
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We know there is more beyond the
Standard Model: Dark Matter

0.36 - Planck 18 -

034F ' 85% of the matter in the universe!
Siadl| ‘ Only infer its existence via gravity.

0.30 -

0.28 | -

We only know about dark matter because
0022 0024 it is stable; could be just one among a
R plethora of new particles in nature




Dark matter need not be a single, simple particle

Could well be an entire dark sector as
diverse as the Standard Model



...and much more

P77

Hierarchy problem

o

Neutrino mass
Dark matter




Discovering the Unknown

How to discover new particles?

As we always have: through their
iInteraction with fundamental forces

Strong
force

W, 2 Weak
force



A New Force

The Higgs boson mediates a new fundamental force

A subtle force: significantly weaker than the others {

VHiggs(T) N y2 —(mp—mz)r

VWeak (T) 92

An entirely new tool for discovery

Precision of the CEPC makes it an ideal collider



Dark Matter & Higgs

An example: dark matter interacting via the Higgs

LHC BR(h—inv) < 24% (3.5%)
'TGEP&BR(h—)inv) <0.31%
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Dark Sectors & Higgs
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A Quantum Probe

CEPC can also probe new particles ¢
interacting via the "Higgs force”
purely through their guantum effects //
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Physics of
“((*) heCERC

« CEPC is a machine for understanding:
y an unprecedented tool for studying the

Higgs and observing phenomena never
< before seen in nature.

« CEPC is a machine for exploring: a

| collider suited to discovering new
/\ particles interacting too weakly to be

seen otherwise.

« CEPC is a machine for today: a technologically complete proposal;
a chance to answer the fundamental questions of our era.

Thank you.



