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In the Ancient time
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Standard model: building block

- nuclei
e proton C(uud)
-Q=2/3*2-1/3=1
* neutron (udd)
- Q=2/3-13*2=0
- electron

- photon

19/12/2016 Seminar (@ NCU 4



FOUR FUNDAMENTAL FORCES

ELECTRO- WEAK STRO NG
GRAVITATION MAGN ETISM INTE RACTION INTERACTION

19/12/2016 Seminar @ NCU 5
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Standard Model: ingredients &

interactions
Leptons Quarks
e iU T u cft
Vo, Vi, Vs f’\ 7 d d s b

\rr
B Photon

KL
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Standard Model: Interactions

Gauge interaction:
Strong & EW

Higgs
related

19/12/2016 Seminar @ NCU 8



SM Lagrangian

= lp, e Lew,we) - Ling,em)
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V2L (Cep ) MY + mp T ( . )J
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(—dp.ur) ¢* M ug + ugM* 6" (__dL )

)

ur,

+(D7;¢¢5)D“¢5 — m?l[gz_&qb — 1;2/ 2]2/2-1..'2.
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(U(1), SU(2) and SU(3) gauge terms)

(lepton dynamical term)
(electron, muon, tauon mass term)

(neutrino mass term)

(quark dynamical term)
(down, strange, bottom mass term)

(up, charmed, top mass term)

(Higgs dynamical and mass term)

(1)



The SM Parameters & the Higgs

| 4+ 9 fermion masses (+ 3 my) ‘
4+ 3 CKM mixing angles + 1 phase (+ 3+1 for myv # 0)
4+ 1 electromagnetic coupling constant o
1 strong coupling constant s
1 weak coupling constant Gr = 1.16637(1) x 10° GeV=
1 Z% mass mz = 91.1876(21) GeV/c?
1 Higgs mass

+| ¢+ |+ <+

The Only Scalar Particle
Correlated with most of the SM Unknowns:
Theoretical defects & hand-put parameters

19/12/2016 Seminar @ NCU 10



Higgs boson: New Interactions

* Yukawa Interaction: determine the mass of fermion ,
- Mass(u) < mass(d): stability of proton

- Mass of electron: scale of atom

- Mass of top quark " EEEE T e
N O a",»' ,,;%;Q?iflL”T.;": Ldeiﬁ—;[uhiﬁly;jljgjim?

Pole top mass my; in GeV

Stability

T 1z

* Higgs Mechanism 165 ko m]

110 115 120 125 130 135

Higgs mass my, in GeV

- Mass of Higgs boson (itself)
- Mass of W, Z: Range & Strength of the weak interaction

19/12/2016 Seminar @ NCU 11
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Beyond SM Phenomenas

_Evolution m,.Engy Unlveﬁge

o R Inf |atIOB:> »
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Darf( %ei‘ Detrk enersy

I||f-.'—;1i-'.1_r_|

""t

t L Matt%r‘Aﬁtl ma?ter QT
asyrmrhﬁ’ryg.,E S .
Vacuum%i’iengy

-\-.\__\___. r}(il' i}'

.-" e

2 alectron
m muaon t tau
N neutring
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Higgs boson: Extremely important

« The unique Scalar particle in HIGGS BOSON
the SM

 Correlated with all “'unknown”
in the SM

» Determines new interactions

 Determines many important
features of visible world

« Maybe also responsible for
several key feature in the

evolution of the early ’ |
universe What's the nature of Higgs boson???

19/12/2016 Seminar @ NCU 15






Accelerator & Detector

Accelerator, make the “events”

Accelerator the particle, and group/zip
Them into very small bunches...

Diversity: electron-positron colliders, Proton
colliders, Muon colliders, Photon collider,
Heavy ion colliders, ...

Configuration: Linear & Circular

IERTELE
A0 1

£

£T 4

7K1 i 4 4R

A Simple Accelerator




Detector

|
\
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Physics Events

A
f/ '
) /

/
/

; /

4

A/

X
s/ r
. /

L "
/
i

DRUID, RunNum = 0, EventNum = 5401
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¢ (nb)

proton - (anti)proton cross sections

Higgs @ LHC

10° prrm
10° £
107 |
10° |
10° E
10°
10° |
10° |
10'
10° [
10" |
10? |
10° |
10° [
_ MH=12SGe’u'{
10° |

[ wusz2012
10‘7 il 1

10°

St

Teva:tron 'LHc:

Lo 10‘7

0.1
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"
10°
10*

1 107

1 10°
T 5
110° 7,
] o
110° £
] O
{10° &
E o
E —
E102 "
<
10"
1., 8
110" &
o)
10" @
g
[2]

-2
10 £
] B g)
110° 3

10

] 10°

1 10¢ Proton-Proton collider: Huge background (one Higgs boson

Generated for 10B collisions...)

Low reconstruction(finding) efficiency

Seminar @ NCU 20



CMS Experiment at the LHC, CERN
Data recorded: 2012-May-27 23:35:47.2
Run/Event: 195099 / 137440354

e

Specific Final State...
. Overlap with lots of PU events

19/12/2016 Seminar (@ NCU




CEPC.: a precise Higgs factory

« Higgs mass ~ 125 GeV, it is possible to build a Circular e+e- Higgs
factory (CEPC), followed by a proton collider (SPPC) in the same tunnel

» Looking for Hints (from Higgs) at CEPC — direct search at SPPC
« CEPC: 1 M Higgs boson + 10 Billion Z bosons...

(240m)

Low Energy Booster{0.4Km)

Proton Linac
(100m)

IP3

Hnnstcr[ﬁﬂ]{m)

CEPC Collider Ring(ﬁfﬂ{m)

s ,
PpC Collige, Ring S0Km)

19/12/2016 Seminar @ NCU 22



Higgs @ CEPC

Number of events
Sab~!

for

45 x 10

~{5 % 10°

: I\’] fllsil];l —

. fusion

One Higgs boson for every 1000 physics
events

A5 x 10°

A

30 100 150 13’0_ Glzju 300 350 400 Main observableSZ nggs bOSOﬂ mass, quantum
s[Gév] number, o(ZH), branching ratio -> Absolute value

19/12/2016 Seminar @ N§PHiggs width & Higgs couplings 23
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DRUID, RunNum = 0, EventNum =1
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DRUID, RunNum = 0, EventNum = 5401
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Sim Higgs @ CEPC
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Relative Error

Higgs boson Measurement

Precision of Higgs couplingmeasurement(Contrained Fit)

Precision of Higgs couplingmeasurement (Model-IndependentFit)

1r —
: = LHC 300/3000 fb-" m ILC 250+500 GeV at 250+500 fb~" wiiwo HL-LHCEEEEI
—————————— m CEPC 250 GeV at 5 ab™ wi/wo HL-LHC m CEPC 250 GeV at 5 ab™" wirwo HL-LHC :j
0.1 EI - S T § 01 ] :r:—:
3
©
10-25 & 1072
1073 1073 ,
Kz K Ko Kg Kw Ko Kz K, K, Br(inv) kr
Productivity Efficiency Comments
Run 1: 10° Huge background, larger uncertainty,
LHC ~0(10) relative measurement
Run 2/HL: 107
CEPC 10° ~0(1) Absolute measurement at Extremely clean
environment
19/12/2016 Seminar @ NCU 25
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Precision measurement: telescope

Precision measurement at Low Energy Region could reflect the physics
At High Energy Region

LEP determines the gg&sibg@ggs boson mass range

19/12/2016 nar 28



Limites sur la masse du Higgs

=lirect searches at LEP
M, >114 GeV at 95% C.L.
Precision EW fits
M,=126%73_,5 GeV

M, <280 GeV @ 95% C.L.

= Light Higgs favored

Precision measurements of m,,& M,,

Direct searches:
- SM Higgs
- non-SM Higgs

6
a saf - i
- 0 027610, 00036
7 === 0 0274240 0001 2
4 - ==+ incl, low Q° data
NH 1
I 3 i
2 Ll -
1- =
5 | Excluded
30 100 500
m,, [GeV]
&80 —MmMm ———
: —LEP1, SLD Data
80.5 68% CL
>
i)
O g0.4
=
=
80.3
' r'nq [Ge o |
80 2 14 :-I]ﬂ | PIFE-'lIrTIIr'IE.r}’
130 150 170 190

m, [GeV]
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Direct measurement: voyage ship

Increase the c.m.s energy, and directly measure the new Physics/new phenomena

19/12/2016 Seminar @ NCU 30



1.5 GeV
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Events / 3 GeV
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CEPC-SPPC

- Higgs factory: 1 M Higgs boson
- EW factory: 10 B Z boons

- Potential Discovery machine toward : Dark Matter, Exotic Higgs behavior, Higgs width...

 Could be upgraded to SPPC, a proton collider with c.m.s energy of 100 TeV.
19/12/2016 Seminar (@ NCU 32



< .Dark matter?

1, Composed ngg
. V%ﬁ:g_um" ase Tra@
SUSY’@




Baron Ke i steenthyeentury clouds
over the G mi | of heat and light

1”‘ ﬁ nggs clouds over the SM
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Higgs discovery at LHC

Increase the c.m.s energy!!

36

Seminar @ NCU
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Key: a precise Higgs factory

« Higgs mass ~ 125 GeV, it is possible to build a Circular e+e- Higgs
factory (CEPC), followed by a proton collider (SPPC) in the same tunnel

» Looking for Hints (from Higgs) at CEPC — direct search at SPPC

(240m)
Low Energy Booster{0.4Km)

Proton Linac
(100m)

IP3

Booster(5¢ Km)

CEPC Collider Ring[’SﬂKm)

s ,
PpC Collige, Ring S0Km)
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: t
g g fusion: t H®
g t

g | T
tt fusion :

g

Higgs @ LHC

proton - (anti)proton cross sections

q

WW, ZZ fusion :

W, Z bremsstrahlung

HO

T XL Higgs #7 7~ #iikE (LHC _L 2774
100 77 @R HT Higgs #i1) , PRITTIRIECFE G

NG : 29100 12 -1000 12 40 18 7 X 22—~ Higgs #7 7

TGk S 2 XS

o(AA—H—BB) ~ g2(HAA)g*(HBB)/I"
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Z—2 muon, |
H-2b

~ Z—2 muon

- H—-WW*—eevv
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