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1. Basic Knowledge of Collider

STIEAULGY TARLEM — AR B4E: AR, ik BN &,
RN AR TUAERSTE (L9REY) |

iR % BAF i RBEEmEFT N RA, REAEXNIE SATE,
WM AR TFHS TSI E,

fik X A4 (trigger) . 3T B P QAT AT IF B &Fb 49 22T ILN =,
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1. Basic Knowledge of Collider -

4 cnkwdn: =
(> (2]

Energy :

two particles: (m; p,;) and (m, p,)

4
B ) (E1 + E»)? in the c.m. frame p; + P = 0,
s = (p1+p2)” =

k mi +mj + 2(ErEy — p1 - D).

Since E >> m, higher threshold
r than fixed target
2F, = 2F5 in the c.m. frame p; + po = 0,

V2E1my in the fixed target frame p, = 0.
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Energy (GeV)

1. Basic Knowledge

of Collider
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1. Basic Knowledge of Collider

Energy Loss :
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1. Basic Knowledge of Collider -

— = F—~# -
snkEdn: =

Luminosity :

Colliding beam
L] ny
i) —> <« @od @y @es
t=1/f

n: particles in each bunch in beam;

a: the transverse profile of the beams;

f: is beam crossing frequency.

10¥ em™2 s =1nb™! 7! ~ 10 fb~! /year.
T EE (2021 Pre-SUSY)



Luminosity (cmi® sec™')
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1. Basic Knowledge of Collider
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1. Basic Knowledge of Collider

Detector :

ATLAS .
Py Calorimeters
S.C. Solenoid
S.C. Air Core

Toroids

Inner

. Detector
EM Calorimeters

ForWard Muon
Calorimeters Detectors
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1. Basic Knowledge of Collider

Theory v.s. Observation

Quarks/Gluons Leptons/photon EW gauge bosons
(top) (tau)

! ! !

Jets (hadrons) Lepton/photon Lepton/jets

TCEE (2021 Pre-SUSY)



1. Basic Knowledge of Collider i)

4 cnkwdn: =
(> (2]

Decay Length:

g
1012 g

d= (B cr)y =~ (300 pum)( ) v

* Quasi-stable: life-time t > 1019s, neutral hadrons n, p?, nt, K*
 Short-lived resonances: instantaneous decay, Z, W%, t, (H...)

- Displaced vertex: life-time t ~ 10712 s, such as B, D, t; travel distance (ct ~ 100 pum)
before decaying into charged tracks,

* Unseen particles: neutrino, DM

55 (2021 Pre-SUSY)



1. Basic Knowledge of Collider

Displaced Vertex:

displaced
tracks

Secondary
vertex at least 2 tracks for 2"9 vertex

—
_—

ny,
Primary _ a g
|mpact parameter: d,

prompt tracks z

ZUEE (2021 Pre-SUSY)



1. Basic Knowledge of Collider

Particle detection is based on its interactions with detector matter.

hadronic calorimeter
tracking
beam (in Bfield)
pipe
| | vertex detector

|

muon chambers

ZUEE (2021 Pre-SUSY)



1. Basic Knowledge of Collider

e+/e-: Bremsstrahlung Photons: Pair-production Tracking Electromagnetic Hadron Muon

chamber  calorimeter calorimeter  chamber
/ c e
J. -
¢
‘HJ’VM o ﬂl”mx 9

Cert fcrm

Hadrons:

Similar principle as electromagentic calorimeters, but showers Innermost Layer... » ...Outermost Layer
are produced via strong interaction . .
Tagging efficiency

(b~80%, c~40%)

ZUEE (2021 Pre-SUSY)



1. Basic Knowledge of Collider

Triggering:
ATLAS
. Object GeV
Modern detectors usually can trigger on: = 1B OV
p inclusive 2.4 6 (20)
** muons by a muon chamber, e/photon inclusive | 2.5 17 (26)
. . Two €’s or two photons| 2.5 12 (15
*» electrons/photons as electromagnetic objects, MR S S
1-jet inclusive 3.2 180 (290)
*+ t/hadrons and jets as hadronic objects, 3 jets 3.2 75 (130)
+» global energy sum and missing transverse ener Haets > )
<8 gY & 8Yr 7/hadrons 2.5 43 (65)
** some combinations of the above. Fr 4.9 100
Jets+Fr 3.2, 4.9 50,50 (100,100)

ZUEE (2021 Pre-SUSY)



1. Basic Knowledge of Collider

Events:
Cross section
(fb ) Selection
1 efficiency

Number of events N=LX g XA X&

Integrated \

luminosity
(fb)

Acceptance
(100%, fiducial)

55 (2021 Pre-SUSY)



1. Basic Knowledge of Collider

Uncertainty:

x = 2.34 + 0.05 (stat.) £ 0.03 (syst.)

Statistical uncertainties: Systematical uncertainties:
1. rely on the number of samples N; 1. can’t be calculated solely from sampling fluctuations;
2. relative uncertainty reduces as 1/VN 2. don’t reduces as 1/VN, less known than statistical error

Quoting stat. and syst. separately gives us an idea whether taking more data would
be helpful!

2 2 2 2
Otot — 01 T 05+ ... + 0,
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1. Basic Knowledge of Collider

Significance:

4 sigma ¢

35 sigma €

TCEE (2021 Pre-SUSY)



1. Basic Knowledge of Collider

Significance :

[ n,0)

20=95%

36=99.7%
40 = 99.994%
56=99.99994%

Probability that the measured value x
will fall within 6 of the true value p

+4
]_ — = 1 /u e_(m_l-l')z/20‘2 dw
u—0

The choice 6 = o gives an interval called
the standard error which has 1 - a =
68.27% if o is known.

ZUEE (2021 Pre-SUSY)



1. Basic Knowledge of Collider

Significance :

l. Discovery sensitivity for counting experiment with b known:

S

(a) 7
(b) Profile likelihood \/2 ((S +5)In (1 R 5) j s)

ratio test & Asimov:

Il. Discovery sensitivity with uncertainty in b, o,:
S
(a) b+ of

(b) Profile likelihood ratio test & Asimov:

[2 ((s +b)In b

"~ il
O

(s +b)(b+ of)
b2 + (s + b)o?

ZUEE (2021 Pre-SUSY)
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2. Hadron and Lepton Collider Physics

Hadron Collider:
Master Formulae

a,b={u,d,s,c,b,g}

1
o = Z/dzadxb/f(ibl(xaauF)f?(xba“F)d&ab—m(“Fa/‘R)
a,b 0

1 Phase Space Parton Distribution Function
h h
- Z /dxadxb /dfbn [l (z0s up) £y 2 (5, pi7)
a,b 0

1 Matrix Element

B = X 2_§ Mab—)n|2(q)n; HF, IU“R) )
Ta + Th Flux Factor HR%MFQ%U%E%H'J%U lﬂ%’ﬂﬁ%g

Velocity of Parton frame wrt Lab frame  1/(25) = 1/(22,245)

Iq — Th

EEE (2021 Pre-SUSY)



2. Hadron and Lepton Collider Physics

Hard Scattering:

dxadxb / h (xaa ,U'F)fb (xba ,UF) do—ab—)n(,u*Fa #’R)
a,b

dz.dzy / d®, fa’.ll (Za, :U'l'?)fl?2 (zs, 1r)

a,b

O\H O\H

2
Ro—s a n (I)n; ’ ’
2§IM bl (Pn; LF, UR)
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2. Hadron and Lepton Collider Physics

asymptotic
freedom

—

A0~ 200 MeV

(See CF Qjao’s talks)

oV

Running of the QCD coupling

» Scale dependence (running) of & _is expressed through
the renormalization group equation (RGE)

dOés(,UJQ) 9 ) )

dlnp2 = Blas(p)), Blag) = —as(bg + bras + beas + .. .)
 _ 1Ca—2ny 1703 — 5Can; —3Crn; _ 153 — 190y
o 12 , L 2472 T 942

n: number of light quarks; C,, Cz: QCD colour factors

» Negative sign of beta function: asymptotic freedom
coupling becomes weaker at high momentum scales

ZUEE (2021 Pre-SUSY)

)



2. Hadron and Lepton Collider Physics

1. calculable in perturbative QCD as series ] scale-dep. of o{e’e — hadrons)

expansion in strong coupling o, Q=M, LO —

1.08 | NLO ===- 1

Oab—s X ZO'()-|—OASO'1—|-()4?90'2—|-... 1.06 S NNLO = ===

Leading order K-factor 1 o4 ¢ oa -:-:T‘-'ﬁ--ue e y

Next-to-leading order 102 - : : |
Next-to-next-to-leading order : : :

. . . . con\:/entional rénge

2. only hard emissions above factorization 0.98 | b |
scale '0.5<x, <2

He 0.96 | o -

0.1 1 10

(See XG Wu'’s talks)

ZUEE (2021 Pre-SUSY)



2. Hadron and Lepton Collider Physics =

A cmkEdn: |
(> (2]

Narrow Width Approximation:

¢ ¢ ' ) ¢ &
a d (12 = M* a d d
» X
/ g, M,T f / q° = M* ¢=M f

o(a+b -> c+e+f) = a(a+b -> c+d) X Br(d -> e+f)

55 (2021 Pre-SUSY)



2. Hadron and Lepton Collider Physics

Parton Distribution Function (PDFs):

1
g = Z/dxadxb/f:l(xaauF)fgm(xbaMF)da—ab—)n(,u*Faﬂ’R)
a,b 0

1
> /dxadxb /d‘l’n F2(a, pr) £ (b, pF)
a,b 0

1
X 2_§ |Mab—)n|2((1)n; HF, :U'R) )

55 (2021 Pre-SUSY)



2. Hadron and Lepton Collider Physics

the probability to find partons (quarks and gluons) in a hadron as a function of the
fraction x of the proton's momentum carried by the parton.

bE A B I AL T 2 DGLAP

BRRE: N0 TFi L\ HESF iR LR
dz as
@@ =% / Py(2) (/2 Q)

B4 ﬁ%ﬁ"fﬁamzﬂﬁ%ﬁﬁ%ﬁzﬁfﬁﬂ%o
PDFs H A A GEIEL K & (O Sein e 5 1€, PDFsEIER] .

2 PToE
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2. Hadron and Lepton Collider Physics

‘-‘r

increase

QZ

07" % increasg

QZ
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zP(Q% z)

2. Hadron and Lepton Collider Physics

1.0

0.8

0.6

0.4

llll,lll/l/l'lllllllll

Q®=10 GeV?

10— 2
x

\

llllllllllllllllllllll

100

1.0

0.8

0.6

0.4

0.2

0.0

lTrlll
-~

I
>

] 2, ™ | 1 llllll
W
N \

L\ Q%°=10* GeV®

) l llllll‘
\

10—3

10— 2 10—1

x

| I — 1=

Valence quarks and gluons have large x, typically x ~ 0.08 - 0.3.

llllllllllllllllllllll

100

“Sea quarks” have small x, and are significantly enhanced at higher Q2.

EEE (2021 Pre-SUSY)




2. Hadron and Lepton Collider Physics

Phase Space:

dxadxb/ h (fUa,,UF)fb (fBb, ,UF) daab—)n(#FaﬂR)
a,b

dz.dzy / d®, f:l (Za, :U'F)fl?2 (zs, 1r)

a,b

O\H o

X_Ma nzq)n; ) ’
2§| bosn| (Pn; LF, UR)
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2. Hadron and Lepton Collider Physics

XFFPNERSHIMEZNE], BILKIEZFREANE d=0N-4 (N = 2). FEBILkH
PSR R R B A ZR R, U d=3N—5.,

B dspf 4 54
12y = [ Grysag, @00 itps =3 _pp)

Blan: 2—2(EFE1=-2) T, NAEKMILKE3FRERBUIT A0,
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2. Hadron and Lepton Collider Physics

=z Q!Q >
CEIDOH:

P, p, - Py
. _/_/__/_/___, />
p pn—ln pn

dPSn(P,Pl,,pn) = dPSn_l(P;pl,u-,pn—l,n)

RIRIE
dPS; = (2) %54(1D —p1)
| = oF, P
1 d’p\ d°p;
dPS; = L §* (P —p1 —p2) Q_Ellz_Ej
1 d*py d°py d°p:
dPS; = (2n) 5 (P —p1—p2 — p3) 2511 2522 21{;):
( Dalitz B )

T E (2021 Pre-SUSY)
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2
dmn—l,n
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2. Hadron and Lepton Collider Physics

Parton Shower:
“Hard” Scattering

outgoing parton

=

. final-state
outgoing parton radiation

proton proton

underlying event underlying event

initial-state
radiation

ZUEE (2021 Pre-SUSY)



2. Hadron and Lepton Collider Physics

Collinear and soft emissions take place at
all time scales between,

1/Q<T<1/Aqeo

Computation of the dominant collinear and
soft radiation is done by shower algorithms.

ZUEE (2021 Pre-SUSY)

— & -+l —
snkEdn: =

ISR 2 -2 FSR

Shower evolution is viewed as
a probabilistic process, which
occurs with unit total probability.

See QS Yan’s talk



2. Hadron and Lepton Collider Physics

New Instruments @ LHC:

Long Lived Particles

charged particles (P<7 TeV)

. forward jets
@ P — neutrino, dark photon
LHC magnets '

p-p collision at IP 100 m of rock

of ATLAS = 480 m .

TCEE (2021 Pre-SUSY)



2. Hadron and Lepton Collider Physics

New Instruments @ LHC:

Forward Physics

Lepton

AFP ATLAS detector AFP
Scattered ’ ‘

proton «—

Scattered
—» proton

!
Proton beam

<
Proton beam

Lepton 210 m

TCEE (2021 Pre-SUSY)



2. Hadron and Lepton Collider Physics

Lepton Collider (ete’/u*w’):

LTB: Linac to Booster
BTC: Booster to Collider Ring

Medium-Stage Synchrotron, MSS
|P4 Rapid Cycling Synchrotron, p-RSC |P3

: "4GeV Targel, Decay xCooling  LowEnergy
: Proton & oBunching Channel  ccAcceleration
s Source  Channel 4

Muon Collider

>10TeV CoM
~10km drcunterence

LR ERERTE . ETF. BEH!

EEE (2021 Pre-SUSY)




2. Hadron and Lepton Collider Physics

1. Resonant production

2. Polarized beam

3. Forward-Backward asymmetry
4. Recoil Mass Reconstruction

5. Effective Photon Approximation

55 (2021 Pre-SUSY)



2. Hadron and Lepton Collider Physics

Resonant Production:

27+ )TV - ete )[(V = X) s
TR T

olefe =V —-X)=

Note: energy spread of the machine < the physical width

55 (2021 Pre-SUSY)

Cy.q [MD]

Z-line Shape
vvvvvvvvvvvvvvvvvv
i o’ 5
40 ; .
AAAAA : ]
DDDDDD :
I L3
30 OPAI
20 T
- ¢ meas rements, error bars :
10 -
i QED unfolded
............ \y MZI Al
86 88 90 92 94
E,, [GeV]



2. Hadron and Lepton Collider Physics

Polarization:

Longitudinally-polarized beams

1
UPc—Pc+ = .4_1{(1 -+ PC—)(l o3 Pc*)O-RR =} (1 - Pe—)(]. - Pe+)0LL
+(1+ P.-)(1 = Po+)or, + (1 = P.-)(1 + Pet)orr },

ILC

— only from RL, LR: v, Z or Z’

— only from LL, RR

55 (2021 Pre-SUSY)




2. Hadron and Lepton Collider Physics

recoiling mass method:

CEPC

et Z

Mi. = (V/s —Ey)* —pj = s —2v/sEy+Eg, — pj,
=s5—2v/s(En +Ep) ‘|‘mee,

55 (2021 Pre-SUSY)



2. Hadron and Lepton Collider Physics )

: EE T :

Equivalent Photon Approximation:

The EPA deals with the processes in which t-channel photon exchanges yield the dominant contribution.

In — oleTa— e X))~ /da: Pye(x) o(ya — X)

55 (2021 Pre-SUSY)



2. Hadron and Lepton Collider Physics

Kinematics:

A

TCEE (2021 Pre-SUSY)



2. Hadron and Lepton Collider Physics )

A cmkEdn: |
(> (2]

Pseudorapidity

1. E+p
=—-In
Y 2 E-p
n=1y
if E>>m n=0
6 =90°
n=-1 n=1
0 = 130° 0 = 40°
n=2 0=15°
n=3, 6=6°
n=4, §=2°
1=0.88

0=0>—>1=

55 (2021 Pre-SUSY)



2. Hadron and Lepton Collider Physics

Transverse momentum

> pr(i) =0

Pz = PT C?S¢ ‘p‘ = Dt COShn
pr=\/Pi+p} Dy =Dprsing
Pz = DT Sinhn E E
T p—
cosh n

55 (2021 Pre-SUSY)



2. Hadron and Lepton Collider Physics

Missing transverse momentum

pr=—) pr

Missing transverse energy

Hr = |php|

TCEE (2021 Pre-SUSY)



2. Hadron and Lepton Collider Physics )

<= F—~#l -
snkEdn: =

Scalar sum of the missing transverse momentum in certain objects

Invariant mass of some objects

Mobjects — Z pgt

objects j

TCEE (2021 Pre-SUSY)



2. Hadron and Lepton Collider Physics

Transverse mass

Transverse energy:

_ET — \/m2+p¢2p

If both p, and p, are purely transverse (n = 0), then m; =m.

If p, and p, are purely longitudinal, then m; = 0.

55 (2021 Pre-SUSY)



2. Hadron and Lepton Collider Physics

1 do(qg—W —ev) 3

_ = 2 px
00 d cos 6* - 8(1_|_COS 7)
S g
(mW7O) ¢W
O o :
(P, p) cos 0* 7l =

55 (2021 Pre-SUSY)



2. Hadron and Lepton Collider Physics

Jacobian peak at ~ 7%

2
1da(q@—)W—)e‘u)_§(1+COS29*) N a“
0o d cos 6* 8 & 160t ATLAS ‘o Data
o 140 Vs=7TeV, 4.6 b’ W e
S 20 DZ Background
- y2ldof = 36/39
o 100
& 80
>
w 60
40
) 5 20
1 do(qg > W — e v) 3 DT 2p7 = =
> ™~ = A : X T R +++++++ +Jr .......
)1 — =8 P R |- 2 T s O s R T M e B A g 1 Bl O
m%}V ~~ E Oggé_’ll-hlli ...... + .......... +++++++++ +++++ .............. ‘I‘ ........... + ....... + "3
N -~ ”/ 14cos? 0* o 0:98 S — — . + SO 3
Jacobian factor & 30 32 34 36 38 40 42 44 46 48 50
p.. [GeV]

Measuring the location of this peak is one way the W boson mass is measured.

TCEE (2021 Pre-SUSY)



2. Hadron and Lepton Collider Physics

New Physics:

See Z Sun and Xuai Zhuang’s talk

4 SUPERSYMMETRY
f f\ ¢1017 GeV (Planck scale)
A

= With radiative corrections,
» the natural value of the
E Higgs mass is Planck scale

aY Ny
d s b
o 0

$125 GeV (Higgs mass) |
g'1 GeV (PI'O ton mass) | ) Quarks @ teoons @ Foree particies Squarks O steptons @ SUSY force
| Standard particles SUSY particles

ZUEE (2021 Pre-SUSY)



tt is dominant
background

(for single lepton)

W

1
tt signature
SUSY signature all jets: no EL™ss + i jets (n ~ 6)
m leptons (e/n) + large E™iss + n jets leptonic: e/p + E ™SS +n jets (n~4)
dilepton: 2e/p + EL™5 4+ i jets (n ~ 2)
m—0. 1,2 ... some b jets
(some soft) ~ 2 b jets

EEE (2021 Pre-SUSY)



3. Simulation Tools and Machine Learningfzi:}

4 cnkwdn: =
(> (2]

General Method:

Lo NERVR HRL R A, B RE 10015 SR 1 BITAT # 15 LA e 2 BEHRoRL 1~ TR MG o AR SR A 5 12
FE XEXT AL _E A= AE AL

2« VHEPTIEF AR . TR Ncuts, FBRIAEN T BERE . A TE BB E S
127 A2 T R ) SN,

3. WHEHTA ZBEAN 2, 838N Z AR AIE 5B BUNg « 32 IR RN K/ANHEER, A1
S BB N BRI FE 7 I BEsMTy 5, 1R EESMTY 5615 21 451 B Nswo

4, PHALRFERE SEX N FR N AT —BCE B RN 2 =A% (@) FHIEARE KD (b)
1R ZE  Nsig/VNsw> no, T8 NN N3ELE 5. (¢) RAIRZE Nyio/Ney > 0gys0
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3. Simulation Tools and Machine Learning

Idea : a MC code for theorists to talk to experimentalists
S —

A huge amount ¢ l Root/Madanalysis

of BSM models €===% Dala
Delphes

Lagrangian Detector simulation
FeynRules l T
Automatized Parton shower &
Feynman Rules hadronization bythi
\ Madgrah I ythia
Signal &
Background —> Events (parton level)

See QS Yan’s talk
EEE (2021 Pre-SUSY)



3. Simulation Tools and Machine Learningfzs:

Machine Learning:

REEAREZH, fHHE KGR, FEXE

55 (2021 Pre-SUSY)



3. Simulation Tools and Machine Learningllz:

The structure
of the proton at the LHC

Automated bSM |
exclusion limits

Higgs

self-interactions

QCD-aware NNs

for jet physics

Boosting
bSM searches

HEP detector simulation

EE (2021 Pre-SUSY)

Event Selection
Jet Classification
Tracking

Fast Simulation

Scan

arXiv:1905.06047 [hep-ph]



3. Simulation Tools and Machine Learning

Events selections :

ST ET: FHIA

x lepton  b-jet or pr E m

Photon charge light jet MET (TeV) (TeV) (TeV)
b j x=( 0 -1 0 0 00229 0.028 0.0000 )
x,=( 0 0 -1 0 02637 0.3304 00373 )
; i x3=( 0 0 -1 0 01003 0.1888 0.0091 )
g 7 W . x,=( 0 0 1 0 00980 0.1146 0.0133 )
- X1 xs=( 0 0 1 0 0068 0.0773 0.0062 )
i ” xs=( 0 0 0 1 02107 02107 0.0000 )

.= - X1
t %4
g t
v d

1 2 3 4 5 6
b 9 1 0 13971 25649 12801 32752  3.0312
2| 1.3971 0 1.9019  1.6688  3.0871  3.1717
3| 25649  1.9019 0 34440 15805  1.7831
topXf = A3 #2 4| 12801  1.6688  3.4440 0 22175  2.1387
5| 32752 3.0871 15805 22175 0 0.4912

6| 3.0312 3.1717 17831 2.1387  0.4912 0

1807.09088

ZUEE (2021 Pre-SUSY)



3. Simulation Tools and Machine Learning

ST E7: FOIE

First, embed the object intrinsic properties x; into 30-dim state Do T = 2 times: Each node i collects the messages sent from
vectors s?. other nodes j and update its state vector.

m =y md; =Y [, dy)
J#i J#i

s = f0(s""m}?)

sgﬂ) = fe(®:)

fo(x) = relu(W,z + b,) 10(3,m) = relu (WO (s & m) + (!

f9(s,d) = relu (W,Ef)(s ®[d) + bg))



3. Simulation Tools and Machine Learning

ST E7: FOIE

Next, each node votes a number y; in [0,1] as the likeness of the 800 ' J - v ' 1
event to be signal-like, and finally we average the votes y; from mepi Eféf‘g’s)
each node as discrimination score (a real number in [0, 1]). 700 | MPNN (15% sys) =
ATLAS (CERN-EP-2017-246) Il
Vote Yi = fv(s('T)) i
! 600 F /s = 13 TeV |
fo(8) =0 (Wys+b,) JL=36.1f"

. G ) _, 500 95% CL N
2 oy " : - 1 3

. ’/ \ \ Y= Y; .

| 7 2.

m.o

400

300

200

! :
100
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3. Simulation Tools and Machine Learning

Jet Classification :

250 <p_/GeV <260 GeV, 65 < mass/GeV < 95 250 <p, /GeV <260 GeV, 65 < mass/GeV <95
Pythia 8, QCD dijets, Vs =13 TeV Pythia 8, W'— WZ, {s =13 TeV ,
s 10° < 3 - 10 %'
> 12 8 % i 107 S
- -
< 10 & < | 10 %‘
—_— — a i
- | o g C
g 1 = L 10—1
E 10'2 E i 10.2
% 10 E .
3 10° % 110
= ] -4
£ 10 ° 10
E. = z
10-5 10
10° 10°
107 107
10° 10°
- : 10° N 1 10°
-1 -0.5 0 0.5 1 . ¥

[Translated] Pseudorapidity (n) [Transiated] Pseudorapidity (v)



3. Simulation Tools and Machine Learningfzs:

Scan:

Precisely
> . . Collected
¥ 55 B A R : Machine Learning Scan /[ calculate ]\

Call HEP packages

App endto  Recommen ded
L(x) =[] £:i(0i(x); OF, o7)
y Uiy 04 |
? 0 Learn ] 0;(x) = M;(x) Recommend
Traiixzar?r?zfl(il)wi (x)J Sample according to £(x)

Lo DU AR I ML ;

2. HRPEE A likelihood X A B F A, = A4
EACIE

3. MR AR o T AR F DRI &,
T TR AT I AT AS BB I A 2556

4, EE U, WEMG SR

1708.06615



3. Simulation Tools and Machine Learningfzs:

Auto-Encoder:

—FHCHE AR EN B F R T M M i (H B2 )

R4 R At g,

ho, TRAEDRHOGAZD
G (s k2

2 SYEERx

5 45 B F U 4345 (Auto-Encoder)



3. Simulation Tools and Machine Learningfzi:}

— = F—~# -
snkEdn: =

R 5

Reshape

e(6{S18)8)¢
ofe
olefeYeYode

784 256 128 20 128 256 784

H g i AU SR AR 5 20 2 A B A — 2, (iR Z2 BB A 2 g e Sy LR A A\ 1]
o Z AR, B SR GG ISR Hencoderflidecoder FY R EE, IR EE#TRIHT



Pre-SUSY 2021 @ Beijing

#t



1. Basic Knowledge of Collider

Resolution:

Tracking :

A
i apr b .| = 2.5

D

For ATLAS (CMS), a = 36% TeV! (15% TeV?),
b =1.3%/Vsin 0 (0.5%).

ECAL:

AFE a
= @ b‘- |’r]e’7| ~ 3

L \/ E/GeV

For ATLAS (CMS), a =10% (5%), b = 0.4% (0.55%)

HCAL :
AFE a
— b ~ 5
E VB 71

For ATLAS (CMS), a = 80% (100%), b = 15% (5%)

55 (2021 Pre-SUSY)



2. Hadron and Lepton Collider Physics

Resonant Production:

1. Energy spread of the machine < the physical width

A2+ 1TV - ete ) I'(V - X) s

Yo"V - X) =
e 2 V=) (- MEFTYME M

2. Energy spectrum of the luminosity > the narrow resonant width

47%(25 + 1)I(V — ete”)BF(V — X) dLl
My dr =My

olete” -V - X) =

55 (2021 Pre-SUSY)



3. Simulation Tools and Machine Learning

ST E7: FH

Next, each node votes a number y; in [0,1] as the likeness of the
event to be signal-like, and finally we average the votes y; from
each node as discrimination score (a real number in [0, 1]).

Vote Yi = fv(ng))

fo(8) = o (Wys + by)

& 1
y_l_Wzi:yi

Node Message Passing State update Message Message Vote
Embedding Passing & Passing &
State State
update update

BB

B



