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希腊神话中的怪物“Uroboros”与格拉肖的“宇宙圈”

!
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希腊神话中的怪物“Uroboros”与格拉肖的“宇宙圈”
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粒子“微观
世界”，强
弱相互作用
主导，理论
模型是标准
模型 

引力和电磁力占主导地位 

新
物
理
，

新
粒
子
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Standard Model of Elementary Particles

Fermionen Bosonen

The elementary
particles arranged
according to their
properties

Three families of
quarks and leptons



P. Higgs at CMS

n Higgs boson observed, SM is complete. 
SM fits the experimental data very well 
è big success in EW scale
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P. Higgs at CMS
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n Many big questions not answered by 
SM !
- Naturalness and “hierarchy” 

problem
- Unification of gauge coupling 
- Dark Matter
- ……

n Need a more 
fundamental theory 
of which SM is only 
a low-energy 
approximation  è
New Physics

Inflation

Grand 

U
nification

Flavor, CP, Strong CP

Neutrino Mass
Dark Energy

Baryogenesis

Dark Matter

Quantum Gravity

Naturalness

G?

Picture modified from Jonathan Feng at 2017 ICFA Seminar
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SUSY

exotics

1311.0299.pdf
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LHC & ATLAS/CMS 
detectors 



日内瓦湖

Large Hadron Collider
机
场

CMS

ATLAS

LHCb

ALICE

LHC 大型强子对撞机

•  周长 27 公里，隧道深100米，跨越瑞士法国国境
• 世界最大，能量最高的加速器，进行最前沿的粒子物理研究
• 质心系能量14TeV (Tevatron的7倍)，可以发现5TeV以下的较重的新粒子
• 积分亮度1034 cm-2 s-1 (Tevatron 的100倍), 可以发现微小衰变截面的稀有事例

CERN
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CERN’s particle accelerator chain

1111



25 ns

Event rate: 

N = L x s (pp) » 109 interactions/s 

Mostly soft (low pT) events

Interesting hard (high-pT) events are rare

à very powerful detectors needed 12



Inner Detector for a Z à μμ event with 25 primary vertices 

Excellent LHC performance 
is a (nice) challenge for the 
experiment:

- Trigger 
- Pile-up
- Maintain accuracy of the
the measurements in this
environment
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A Toroidal LHC ApparatuS
- 42m×22m, 7000 ton
- Solenoid + Toroidal magnet (2T)
- Fine granularity liquid Ar/Tile 
calorimeters

Compact Muon Spectrometer
- 21m×15m, 125000 ton
- All silicon trackers, 4T 
solenoid magnet
- PbWO4+Tile calorimeters

ATLAS and CMS: two multi-purpose detectors @LHC

Large Hadron Collider   
(LHC): 
- Proton-Proton synchrotron
- World’s highest and largest  

collider

ATLAS and CMS detector @ LHC

14
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ATLAS and CMS



ATLAS
Length  : ~ 46 m 
Radius  : ~ 12 m 
Weight : ~ 7000 tons
~ 108 electronic channels
~ 3000 km of cables

n Tracking (|h|<2.5, B=2T) : 
- Si pixels and strips
- Transition Radiation Detector (e/p

separation)
n Calorimetry (|h|<5) :

- EM : Pb-LAr
- HAD: Fe/scintillator (central), 

Cu/W-LAr (fwd)
n Muon Spectrometer (|h|<2.7) : 

- air-core toroids with muon 
chambers 16

A Toroidal LHC ApparatuS

https://mp.weixin.qq.com/s/_UtuSypTu1Dl1lnDuo6VTw
https://mp.weixin.qq.com/s/cJ6J3M-y36qNMicy7-jVQw

https://mp.weixin.qq.com/s/_UtuSypTu1Dl1lnDuo6VTw
https://mp.weixin.qq.com/s/cJ6J3M-y36qNMicy7-jVQw


Excellent detector performance
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• Thanks excellent understanding of detector performance, and 
development of rec. and ID algorithms

• Precision object performance： el-ID<1% (pt~30-250GeV), mu-
ID<0.1% (pt~10-150 GeV), JES unc. ~1% (pt~100-1000GeV)

electron ID

tau ID
RNN

muon ID

Jet E scale

arXiv:2303.17312

photon ID

JINST 14 (2019) P12006 Eur. Phys. J. C 83 (2023) 686

ATL-PHYS-PUB-2019-033

b-tagging
deep NN

Eur. Phys. J. C 83 (2023) 681

https://arxiv.org/abs/2303.17312
https://iopscience.iop.org/article/10.1088/1748-0221/14/12/P12006
https://link.springer.com/article/10.1140/epjc/s10052-023-11584-x
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2019-033/
https://link.springer.com/article/10.1140/epjc/s10052-023-11699-1
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BSM Searches @ LHC



SUSY
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P. Higgs at CMS

(TeV-scale) Supersymmetry (SUSY)

20

Higgs SUSY
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SUSY Introduction
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q Establishes a symmetry between fermions
(matter) and bosons (forces)
q Motivation:

o Unification (fermions-bosons, matter-forces)
o Solves some deep problems of the SM
o Provide Dark Matter candidate
o ……

Q |boson>   = |fermion> 
Q |fermion> = |boson>

Spin differ by 1/2

(Julius Wess and Bruno Zumino, 1974)

OUR WORLD… NEW WORLD?

Julius Wess
(1934 – 2007)

Bruno Zumino
(1923 – 2014)



Minimal Supersymmetric Standard Model

Standard Model 
Particles and Fields

Supersymmetric Partners

Interaction 
Eigenstates

Mass           
Eigenstates

Symbol Name Symbol Name Symbol Name
quark squark squark
lepton slepton slepton

neutrino sneutrino sneutrino
gluon gluino gluino

W-boson wino
charginocharged 

Higgs boson
charged 
higgsino

B-field bino

neutralinoW0-field wino
neutral 

Higgs boson
neutral 

higgsino
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p Solve hierarchy problem without
“fine tuning”
- Fermion and boson loops

contribute with different signs to
the Higgs radiative corrections

- Supersymmetric partner
contributions to Higgs mass
cancel SM contributions

SUSY Introduction

Mr. Higgs

Mrs. SUSY

Fermion loop

Boson loop

2 2 2 2
, ; : ~ ; : ~ log( / )h h tree h h h soft softM M M SM M SUSY M m m= +D D L D L
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p Unification of gauge couplings
- New particle content changes running of couplings
- Requires SUSY masses below few TeV

SUSY Introduction

Unification of Forces



® 通过寻找SUSY，可以
为暗物质寻找提供实验证
据 ！
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Provide Dark Matter candidate

天⽂学家发现宇宙中
很⼤⼀部分是我们看
不见的 暗物质（明物
质只占4.6%）

‘Supersymmetric’ particles ?

Provide perfect dark mater
candidate - WIMP(lightest neutralino
in R-parity conserving models)

q stable
q electrically neutron
q same density as DM
0.094 < WCDMh2 < 0.136  (95% CL)



P. Higgs at CMS

(TeV-scale) Supersymmetry (SUSY)

28

Higgs SUSY



How do we start? - SUSY Signature

29

n Conserved R parity (originally introduced for 
stability  of proton)  

- SUSY particles produced/annihilated in pairs
- Lightest SUSY particle (LSP) stable (DM 

candidate)
- Typical signature:  jets/leptons/photons + MET 

(key signature: large MET)

R=+1  (SM)
R=-1 (SUSY)



How do we search for SUSY?

30

[uu]
[dd] [ss]

[cc] [bb]

2010

1983

19781974~1960

Not like general particles with 
peak in mass spectrum L

How do we 

search  for 

SUSY



How do we search for SUSY?

n SUSY search strategy: search for
deviation from SM from the tails

q SUSY sensitive variables: Try to 
establish excess of events in some 
sensitive kinematic distribution

q SM background: the discovery of 
new physics can only be claimed 
when SM backgrounds are 
understood well or under control
- SM bgs understood very well J
- No hints for new physics L
- Slightly overshoot in WW cross 

section,  but consistent with NNLO 
xsec.

SM “backgrounds”– the big picture

31



n ET
miss from escaping LSP, to 

suppress bg from mis-
measured jets and oth. SM BG

n Related to the sparticle 
mass scale, like effective 
mass (Meff)

n mT, mT2 (stransverse 
mass): suppress BG with 
Ws

n Many others …

32

SUSY Sensitive Variables
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1. Be aware of SUSY signature, design signal grid
2. Pre-selection: select good objects (e, mu, tau, jet, ...), 

apply trigger depending on analysis, remove bad events 
(bad runs, not from pp collisions, in transition region ...)

3. SR definition and optimization
- Define signal regions based on decay topologies occurring 

in generic models
- Set final cut on discriminating variables (e.g. Meff) to 

optimize sensitivity to reference models with appropriate 
mass scale

4. SM Background estimations (data-driven + MC)
5. Compare SM predictions with data
6. If no excess, interpret results in different SUSY 

models

How do we search for SUSY?
-Analysis Procedure (similar for exotics)



1. Be aware of SUSY signature, design signal grid
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Final states:
2 tau + large ET

miss

⌧̃

⌧̃
p

p

�̃0
1

⌧

�̃0
1

⌧



35

n Photons: no track but 
energy in el-m (and not in 
the hadronic) calorimeter 

n Electrons: track and 
energy in el-m (and not in 
the hadronic) calorimeter 

n Muons: track in inner 
tracker and muon 
chamber

n Jets: cluster in hadronic 
calorimeter

2: Pre-selection Reconstructed Objects

径
迹
探
测
器

电
磁
量
能
器

强
子
量
能
器

缪
子
探
测
器

光
子

电
子缪子

强子

中性
粒子

探测器内层           à 外层
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MET: Missing Transverse Energy

n At the LHC an unknown
proportion of the energy of the
colliding protons escapes down
the beam-pipe

n Invisible particles (neutrinos,
neutralinos?) are created their
momentum can be constrained in
the plane transverse to the
beam direction Missing 

Transverse 
Energy



Triggering on Physics
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nApply trigger depending on analysis
nOnly pick up what we are interested events
n 2tau or 2tau+MissingET trigger used here

Final states: 2 tau + large ET
miss
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3: SR definition and optimization

n According to signal signature, select interested final states 
objects: tau and MET requirement

ATLAS-CONF-2019-018

Final states: 2 tau + large ET
miss

38

Trigger 

taus

⌧̃
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3: SR definition and optimization

n According to signal signature, select interested final states 
objects: tau and MET requirement

n Suppress background using SUSY discriminating variables
n The cuts are from optimization with signal significance

ATLAS-CONF-2019-018

Final states: 2 tau + large ET
miss

39

Trigger 

taus

⌧̃

⌧̃
p

p

�̃0
1

⌧

�̃0
1

⌧

Suppress top
Suppress Z/H
Suppress SM bg, 
increase signal 
sensitivity
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3: SR definition and optimization
ATLAS-CONF-2019-018

40



4141

Main backgrounds:
• Multi-jets: 2 fake taus （miss-ID from jet)
• W+jets: 1 real tau from W, 1 fake tau from jet
• Multi-boson: mostly 2 real taus from W/Z

decay (W(tn)W(tn), Z(tt)Z(nn)…)
• Z+jets: 2 real taus from Z decay

3: SR definition and optimization
ATLAS-CONF-2019-018



Standard Model
Top, multijets

V, VV, VVV, Higgs                  
& combinations of these

Reducible backgrounds
Determined from data

Backgrounds and methods 
depend on analyses

Irreducible backgrounds
Dominant sources: normalise 

MC in data control regions
Subdominant sources: MC

Validation
Validation regions used to 
cross check SM predictions 

with data

Signal regions

blinded

blinded

4: SM Background estimations (data-driven + MC)

SUSY searches rely primarily on the understanding of the SM 
BG

42
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Standard Model
Top, multijets

V, VV, VVV, Higgs                  
& combinations of these

Reducible backgrounds
Determined from data

Backgrounds and methods 
depend on analyses

Irreducible backgrounds
Dominant sources: normalise 

MC in data control regions
Subdominant sources: MC

Validation
Validation regions used to 
cross check SM predictions 

with data

Signal regions

SUSY searches rely primarily on the understanding of the SM 
BG

n Multijet background: “ABCD
method” or fake factor method

n Fake leptons or heavy-
flavour jets determined with
“matrix method” in different-
purity samples using “real” and
“fake” probabilities measured
in data.

n Charge flip rate measured in
Z events

4: SM Background estimations (data-driven + MC)
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Standard Model
Top, multijets

V, VV, VVV, Higgs                  
& combinations of these

Reducible backgrounds
Determined from data

Backgrounds and methods 
depend on analyses

Irreducible backgrounds
Dominant sources: normalise 

MC in data control regions
Subdominant sources: MC

Validation
Validation regions used to 
cross check SM predictions 

with data

Signal regions

SUSY searches rely primarily on the understanding of the SM 
BG

Normalise MC prediction in SRs 
using dedicated CRs ® transfer 
factor: T

4: SM Background estimations (data-driven + MC)
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Standard Model
Top, multijets

V, VV, VVV, Higgs                  
& combinations of these

Reducible backgrounds
Determined from data

Backgrounds and methods 
depend on analyses

Irreducible backgrounds
Dominant sources: normalise 

MC in data control regions
Subdominant sources: MC

Signal regions

SUSY searches rely primarily on the understanding of the SM 
BG

Validation
Validation regions used to 
cross check SM predictions 

with data

4: SM Background estimations (data-driven + MC)Ev
en

ts

1

10

210

310

410

510
Data
SM Total
Multi-jet
Top quark
Z+jets
Multi-boson
Higgs
W+jets

) = (120, 1) GeV0
1
c~, t~m(

) = (280, 1) GeV0
1
c~, t~m(

post-fit
-1 = 13 TeV, 139 fbs

ATLAS Internal

WVR      
TVR-lowMass

ZVR-lowMass

VVVR-lowMass

TVR-highMass

ZVR-highMass

VVVR-highMass

  D
ata

/SM

0

1

2



46

Standard Model
Top, multijets

V, VV, VVV, Higgs                  
& combinations of these

Reducible backgrounds
Determined from data

Backgrounds and methods 
depend on analyses

Irreducible backgrounds
Dominant sources: normalise 

MC in data control regions
Subdominant sources: MC

Signal regions

SM Background Estimation

SUSY searches rely primarily on the understanding of the SM 
BG

Validation
Validation regions used to 
cross check SM predictions 

with data

n No significant excess
except for SR-lowMass

5: Compare SM 
predictions with 

data
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Standard Model
Top, multijets

V, VV, VVV, Higgs                  
& combinations of these

Reducible backgrounds
Determined from data

Backgrounds and methods 
depend on analyses

Irreducible backgrounds
Dominant sources: normalise 

MC in data control regions
Subdominant sources: MC

Signal regions

SM Background Estimation

SUSY searches rely primarily on the understanding of the SM 
BG

Validation
Validation regions used to 
cross check SM predictions 

with data 6: 
Interpretations⌧̃

⌧̃
p

p

�̃0
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⌧

�̃0
1

⌧
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Standard Model
Top, multijets

V, VV, VVV, Higgs                  
& combinations of these

Reducible backgrounds
Determined from data

Backgrounds and methods 
depend on analyses

Irreducible backgrounds
Dominant sources: normalise 

MC in data control regions
Subdominant sources: MC

Signal regions

SM Background Estimation

SUSY searches rely primarily on the understanding of the SM 
BG

Validation
Validation regions used to 
cross check SM predictions 

with data 6: 
Interpretations

n excludes stau masses between 120-390 GeV
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P. Higgs at CMS

(TeV-scale) Supersymmetry (SUSY)

49

Higgs SUSY

ATLAS public link
CMS public link

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS


Gluino & squarks
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In simplified model approach (depending on decay mode and/or mass splittings):
⚬ M(~g) < O (1.9 TeV) – O (2.4 TeV) @95% CL
⚬ M(~q) < O (1.4 TeV) – O (1.85 TeV) @95% CL
⚬ M(~t/~b) < O (0.7  TeV) – O (1.25/1.35 TeV) @95% CL

ATL-PHYS-PUB-2023-005

excluded

New：Gbb, Gtt, SS

excluded

excluded

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2023-005/


p

p �̃±
1

�̃0
2

Electroweakinos

C1C1 (C1N2) production: 
via WW (WZ/Wh) decay (upto 1.05 TeV)
via ~l decay (up to 1.0-1.1 TeV)

p

p �̃±
1

�̃⌥
1

excluded

1lbb Full had



Sleptons
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Limits maybe different in case of cascade decays
of the sleptons into lighter electroweakino states

To-do: Cover gaps at
low/compress mass region

Stau updated

ATL-PHYS-PUB-2023-005

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2023-005/
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ATL-PHYS-PUB-2023-005

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2023-005/
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exotics



Exotics - various extension of SM 
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Additional Scalar States
o A common feature in

SUSY models
o Mixing with Higgs

New Heavy Fermions  
o Chiral structure important 
o Heavy quarks (T, B )
o Excited fermion (q*,l*,v* …)

Extended Gauge Sector /
New bosons
o Extra dimension models (V

KK,GKK, …) 
o Grand unification theories

(leptoquarks, …)
o Technicolor, composite

Higgs (W’, Z’,…)

Compositeness
o New forces/particles integrate out at low energies (SM)
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Many models: MSSM, 2HDM, etc.
☞ Benchmark models: MSSM-like

- 5 Higgs bosons: h, H, A, H∓
- 2 free parameters at tree level:mA, tan β= νu/νd

Extended Higgs sector – BSM Higgs

ATL-PHYS-PUB-2022-043

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-043/


Extended gauge sector – Resonance (ff)

n Predicted by many BSM models:
⚬ ED (Randall-Sundrum (RS) Graviton), Heavy
Vector Triplet (HVT: W′, Z′), DM mediator, …

57

Z’àeµ

arXiv:2307.08567

W’àtb

2308.08521

https://arxiv.org/abs/2307.08567
https://arxiv.org/abs/2308.08521


Extended gauge sector – Resonance (VV)

⚬ Spin-2 bulk RS Graviton 
GKK→WW/ZZ

⚬ Heavy Vector Triplet (HVT)

58

VV

ATL-PHYS-PUB-2023-007

n Predicted by many BSM models:
⚬ ED (Randall-Sundrum (RS) Graviton), Heavy
Vector Triplet (HVT: W′, Z′), DM mediator, …

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2023-007/


59

Extended fermion sector 
n Heavy Vector-like fermions (T, B, Tau … )

o New heavy partner of top in loop to solve hierarchy problem
o constraints on Singlet/Doublet BB, TT: 1.2-1.4 TeV

n Excited fermion (q*,l*,v* …)

Double TT

arXiv:2308.02595

Singlet B

https://arxiv.org/abs/2308.02595


DM search at colliders

60

n Simplified models
(mono-X, mediator)

SUSY, Higgs portal DM, 
simplified models,…

ATL-PHYS-PUB-2023-018

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2023-018/


DM search at colliders

61

n Higgs portal DM:
Direct coupling H-DM will enhance H
invisible decays (SM ~0.1%)

SUSY, Higgs portal DM, 
simplified models,…

The combination of  results (all H prod.) translated into xSec limit

ATL-PHYS-PUB-2023-018

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2023-018/
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额外维
粒⼦

W′, Z′

暗物质

leptoquark

额外夸克

重费米子

其他

Contact 
interactions
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The journey into new physics territory
has just only begun, and for sure, exciting times are 

ahead of us! (only ~5% dataset ready)
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Prospects at Future 
Proton colliders
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n Long term prospects for 2 more collider scenarios have been
studied (14, 27, 100 TeV @3000 fb-1)

n Use same search strategy as 8-13TeV @LHC
n Use simple analysis strategies, assume 20% syst. uncertainty,
avoid assumption on detector design, pileup sensitivity, etc

HL-LHC
14 TeV, 
3000 fb-1

HE-LHC
27 TeV, 
3000 fb-1

FCC/SPPC
100 TeV, 
3000 fb-1

Future Proton Colliders



Future hadron collider projects in a nutshell
-- The next discovery machine

66



Constr. Physics LEP

Construction PhysicsProtoDesign LHC – operation run 3

Construction PhysicsDesignHL-LHC - ongoing project

PhysicsConstructionProto

1980 1985 1990 1995 2000 2005 2010 2015 2020 2025 2030 2035

~20 years

Design

CERN Circular Colliders & FCC

2040
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FCC – design study

14 TeV, 300 fb-1

14 TeV, 3000 fb-1

100 TeV, 3000 fb-1

See Michael’s talk 
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Prospects at HL/HE-LHC (summary)

n In most BSM scenarios, we expect the HL-LHC will increase the 
present reach in mass and coupling by 20 − 50% (half Run-2 data)

n If there are some excess, will move to HE-LHC with double sqrt{s}



69



70

New
 W

or
ld 

!!!



71

Long Stop

Run1

Run2
2015-2018

~140 fb-1(13TeV) Run4-5 …
2029-2040

2010-2012 
~25 fb-1

We are here : 
2022-2025: 
~300 fb-1

(13.6-14TeV) Run3
2022-2025 

The results are based on 36-140 fb-1 @ 
13 TeV (RUN2 2015-2018) <5% of total
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Prospects at HL-LHC (summary)
Discovery potential with 3000 fb-1@14TeV

Gluinos ~ 2.5 TeV；Stop ~ 1.2  TeV ；EWKinos ~ 0.9 TeV；Staus ~ 0.5 TeV

In most BSM scenarios, we 
expect the HL-LHC will increase 
the present reach in mass and 
coupl ing by 20 −  50% and 
potentially discover new physics 
that is currently unconstrained. 



质量起源

暗物质

暗能量

质子衰变

中微子振荡

宇宙起源
自然力的统一

新物理

不对称 
物质-反物质  

基础物理学
的三大前沿



Long-Lived particles in SUSY
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3 

Disappearing	track	

Displaced	vertex	

Highly	
ionizing	
par>cle	

Highly	ionizing	and	
slow	par>cle	

Detector	signatures	of	
long-lived	heavy	par>cles	

Indirect	detec>on	

Indirect	detec>on	

Direct	detec>on	

Direct	detec>on	

Direct	detec>on	

Late	photons	
Indirect		
detec>on	

depends	on	LLP	life>me,	
mass,	&	decay	products	 Isolated	/	late	jets	

PRD92.072004

PRD90.112005

PRD88.112003

PRD88.112006

PLB(2016)647-665

PRD93.112015



LHC

LHCb : 
pp, B-physics

ALICE : 
heavy ions

ATLAS and  CMS :
pp, general purpose

LHC housed in 
former LEP tunnel 
with 27 km 
circumference

Start : Winter 2009

pp
  Ös = 14 TeV (7 times higher than Tevatron/Fermilab)
® search for new massive particles up to  m ~ 5 TeV

Ldesign = 1034 cm-2 s-1 (>102 higher than Tevatron/Fermilab) 
® search for rare processes with small s (N = Ls )
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Discovery and exclusion

• P-value=probability that result is as/less compatible with the 
hypothesis



Based on the number of 
observed, expected 

events in all regions with 
all uncertainties: 

Probability density 
function (PDF)

Likelihood function: L(µ,θ)
µ: signal strength (POI);  

θ: nuisance parameters(NP)

Profile Likelihood: constrain 
uncertainty (NP) as part of a 

likelihood fit

Construct test statistics  
tµ based on likelihood 

ratio λ:
Find the observed 
test statistic for 

tested µ: tµ,obs

Construct the PDF of test 
statistic tµ: generate toy Monte 

Carlo or using asymptotic formula

From the constructed 
distribution of test statistic 
for s+b, find the p-value of 

the observation

If CLs<0.05: the value of 
signal is excluded at 95% 

CL……….

The above check has been 
done for each signal grid 

points on the SUSY model.

The line can be drawn for the 
area where points are 

excluded
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Simultaneous fit  
• Background estimates in SRs are obtained by a simultaneous fit in each 

channel based on the profile likelihood method. Three dedicated fit for 
different purpose…
• Background-only fit
• Fit for all CRs, excluding SRs.
• Get background-only estimates.
• Also extrapolate to VRs (non used in fit, only for cross-check) and SRs.

• Discovery fit
• Fit for all CRs and SRs.
• Signal contamination is turned off in CRs and set as a dummy number 1 in SR (so, the fitted non-

SM signal strength = the excess in Nevents of SR)
• Get model-independent upper limit on signal in SR.

• Exclusion fit
• Fit for all CRs and SRs.
• Signal is turned on in all regions, according to model-dependent prediction.
• Got signal model-dependent exclusion from all CRs+SRs àfinal exclusion contours for SUSY 

model

• The basic strategy is to share background information in all regions 
(CR,SR,VR). The background parameters are predominantly constrained by 
CRs with large statistics, which in turn reduces the impact of uncerts in SR. 



The Higgs mechanism, an analogy... D. Miller
(UC London)

The Higgs field fills all space

A ‘particle’ that moves in 
the Higgs field ...

... moves slower the more it
attract attention (interacts with
the Higgs field, generating its 
mass, the larger, the stronger 
its interactions...)
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The Higgs particle, an analogy...

Somebody whispers a rumour into 
the  room...

... and the field starts to get excited
and interact with itself giving birth
to a massive particle
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Inner Detector for a Z à μμ event with 25 primary vertices 

Excellent LHC performance 
is a (nice) challenge for the 
experiment:

- Trigger 
- Pile-up
- Maintain accuracy of the
the measurements in this
environment
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大爆炸宇宙学
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Unification of Forces



The Worldwide LHC Computing Grid (WLCG)

Tier-0 (CERN):
•Data recording
•Initial data 
reconstruction

•Data distribution

Tier-1 (12 centres):
•Permanent storage
•Re-processing
•Analysis
•Simulation

Tier-2  (68 federations
of >100 centres):

• Simulation
• End-user analysis
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n Simplified Models:
n Not really a model (Br~100%, most masses fixed at high 

scales)
n Important tool for signal region optimization & interpretation

n Phenomenological models: 
p pMSSM: captures “most” of phenomenologic features of R-

parity conserving MSSM 
- 19 free parameters: M1,M2,M3 ; tan β, μ and mA; 10 sfermion 

mass parameters; At, Ab and Aτ

- Comprehensive and computationally realistic approximation of 
the MSSM with neutralino LSP 

p GGM (gravitino)

n Complete SUSY models: mSUGRA, GMSB …

SUSY models: good sale in market


