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Why the sky is blue?
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A tribute to Cen Zhang’s work in

theoretical physics
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https://indico.ijclab.in2p3.fr/event/5201/contributions/17268/attachments/14295/17604/zhang-HiggsHunting.pdf

Physics

e Physicists admire the beauty of Nature and dare to ask
“tundamental questions” to understand its workings:

-Why bodies fall?
-Why the Moon is always showing the same face to us?
-Why the sky is blue?

MCnet school at IHEP - 2 July 2021
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Physics

Afterglow Light

Pattern Dark Ages Dark Energy

375,000 yrs. Accelerated Expansion

Development of
Galaxies, Planets, etc.

e And once we understand something, we feel confident to

Inflation

ask more difficult ones:

-What are the fundamental constituents of matter?
-How do they interact?
-What is the origin of the Universe? What is the future?

- Are there good explanations for us to be here, now?

Quantum
Fluctuations

1st Stars
about 400 million yrs.

Big Bang Expansion

13.77 billion years

MCnet school at IHEP - 2 July 2021 B ot ot o vy i



How do we answer to the questions?

* Experimental physicists build experiments to measure
and / or observe phenomena at very large or very small
scales:

-Radio/ telescopes scopes

- Gravitational waves observatories
-Satellites

-Particle accelerators

MCnet SChOOl at IHEP -2 ]Mly 2021 \,fﬁ ::':f:::etiiz ?Lg'leSZ?:gi:hysics



How do we answer to the questions?

e Theoretical physicists study the physics models through
which we encapsulate our knowledge:

- - " —— P—— —
-
- o~ —— ——— ——— . Po———
: e
~2 . 3
R .
- " ——— ——
: e .
—

e A s NN S S ™ /
617 (Q'6"Q) DM H' T HYW,,

-They imagine, create and construct models
-Draw predictions from the model to compare with

81 (Q'6*Q) DH(HITTH)W, <

experimental data

181, (QtevQ)(H DrrlHY W,
1815 (Q1e*Q)(H Drrl HY W,
515 (Q'e¥r! Q) DH(HTH) W,
815 (Q'a"r! Q) DH(HTH) W,

In order to do so they introduce ideas that can be rather
abstract, describe phenomena using the language of
mathematics making it difficult to explain to a wider
audience = the form a very tight community of experts.

161y Qo+ Q)HT DrH)YW,

ANAANAN A

1615 (Qter! Q)i Drm) WY,
eac (Q1374 Q) DH(H1rBH) W,

— O~ - E eapc (Q'a"74 Q) D*(H'TP H) Wﬁ; ;
Q > i}f ~_. i€ABC (Qfa-”TAQ)(HT(B“TBH)W‘g, _Z
B :3:[.- - icapc (Qlo T Q)(HI DB H) WG, —
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T'heoretical physicists

e The early stages of the career of theoretical
physicists is quite peculiar.

e At or after the PhD, they move place to place,
staying a few years until after a “long” training

period, they settle and build their own group.

e This serves three main scopes:
-Learning new techniques
-New sources of inspiration
-Building independence

Raffaello Sanzio [1483-1520], The School of Athens

. | . e This path with the same motivations if often
Raffaello travelled a lot in the northern Italy, and finally settled in Rome.
He passed away at 37 at the peak of his career. He left works of timeless beauty. followe d by artiStS (p ainters WriterS )
, , (e et [ ]
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What s an Effecuve Field Theory?

Energy”

Humans Chemistry Atoms .
Electroweak scale TeV scale Quantum Gravity

<

Distance el E LHC
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Why the sky is blue?

aZ

QCZ=WT lat W_l'gint
Air molecules (N,, O,) Red

1 \° ~' ;‘/\/\’ @
The photon only interacts with the atom when it can NS gy o O L S
resolve its charged constituents, the electron and nucleus, o . \‘/,\/JW
which are separated by a0 M \;W

i 2 2 °
cE° + c,B
CWW( £ s ) [1/A] =[ag) =M~ =L

Z ifit = A3 @

This immediately gives:

o ~ aga)z = 0~ aga)4

The blue photons can see better the internal constituents of the atom than other colors...

An effective field theory is predictive!
MCnet school at IHEP - 2 July 2021 3Gy et of High Enargy Pyl



An anedocte

During the Xmas vacation 2013-2014, I
was in Barcelona at ICREA. Cen and Scott
had just came out  with the paper
Effective Field Theory Beyond the
Standard Model and I remember Alex
Pomarol telling me:

“Finally, someone who understands what
needs to be done for the EFT!”

Ctnistoptie Grojean (DESY)

Cen and Christophe at Higgs Hunting 2019

MCnet SChOOl at IHEP -2 ]Mly 2021 \Qg ::nh?rt\::etiifd :'rjgfoESnC?:gcsL:hysics


https://inspirehep.net/literature/1275847
https://inspirehep.net/literature/1275847

A young talent

[ am so impressed with Cen that I sometimes say that [ have
not figured out yet what he cannot do. He is an expert in
collider physics, precision electroweak physics, and
perturbative QCD, both at tree level and one-loop level, and %

gk A28 A IR I BN G e L2 O AN RE «  FEXS
@mfrm@ 155 A QCD RS (BLFRER Iy Fi
X BeitHE) E, mEiRe LT R iRz
R EORIEF B, FHEEKBENREEH. 2%

he is very fast to learn and apply new techniques. He is W ARG S, AR e L 4R jZ A
creative and broadly interested in physics. He has continued Hh 2 o Sk, b e ] e T T A . A AL
to branch out into new areas and find important IS 4E R o LA A R AR I GX LR
contributions to make. He is so thorough and careful that REEARL /D) . AR RS S22 R A RS o A AR
you can trust his results, and he is honest when he doesn’t A RS, ER A A — R 2 B IEB R T
understand something (which is rare). He thinks deeply VR Y=

about physics, and is not satisfied until he understands

things from first principles. Scatt Wellentbrack (UTUC)

Secot? Wellentrock (UTUEC)

Cen was awarded of a prestigious grant by National Young talented program in 2018 at IHEP/UCAS
MCnet school at IHEP - 2 July 2021 g ot e vy Py

emy of Sciences



The Standard Model

Standard Model of Elementary Particles

three generations of matter

(fermions)

mass ~2.2 MeV/c? ~1.28 GeV/c?
charge | % %

spin = % u Ya C

up charm |
— —
~4.7 MeV/c? ~96 MeV/c?
- 2
« «
down strange |

) -

~0.511 MeV/c? ~105.66 MeV/c?

-1 -1

A e A u

electron muon
7))
2. | <1.0eVic <0.17 MeV/c?
O o 0
il Ve Y V”
L electron muon
1 neutrino neutrino

interactions / force carriers
(bosons)

~173.1 GeV/c? 0

% 0 0
v ol 1goH

top ) gluon higgs
—
~4.18 GeV/c? 0
- 0
+ b 3
bottom || photon
—

~1.7768 GeV/c?

-1 0 |
Y T 1 ;

~91.19 GeV/c?

ONS

tau Zboson | ~ 2
<18.2 MeV/c ~80.39 GeV/c LLI ‘J
0 +1 | en ~
« @ @ | S8

tau *\: 7

neutrino W boson O~
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~124.97 GeV/c?

7

(4) __l

SM

4

+ yl-jWquy/{e +h.c.

+|D, 1> = V()

Simple and powerful
yet unnatural, incomplete...

"F,, + yi/Dy

+ E9

Institute of High Energy Physics
Chinese Academy of Sciences



of High Energy Physics

T'he Standard Model Effective Field Theory

MCnet school at IHEP - 2 July 2021



Ken

T'he SMEFT paradigm

* In the last decade, the SMEFT has become a key part of the LHC physics programme

*

Paradigm shift: we want to measure the

ameter
v How? Standard Model % Sthtfard Model
OW ¢

Effective Field Theory

1. Measure observables (O) that depend on them: e.g. particle production at the LHC

- CMS  e/u+jets o Data
o o o - arton level Svs @ sta . :
2. Compare to theoretical prediction = il s "t Requires:
@ - ¢ NNLO QCD+NLO EW
! - -~ POWHEG Hi- a) Good measurements
(6) (6) e 0 E s .....MG5 P8 [FxFx]
d 1 — . _, OEXP
AO — OEXP = OSM s L) 0 © 102 & n
n S n n A i A2 A3 CDG roasig
e R b) Reliable predictions
I -~
V2R Lk L1 L e SM ;6
= Theory 1%_]}* _,-_{-.-_, -} .............. }1 .................. = On ’ an,i
Difference between New contributions from Data 22&
experiment & SM theory SMEFT operators 50 1000 1500 '20'00')' 2500 Cen’s expertise
M(tf) [GeV]

MCnet school at IHEP - 2 July 2021

G ’ Institute of High Energy Physics
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Ken

Precise SMEF T

* Quantum Field Theory: make & systematically improve predictions for particle
production at collider experiments like the LHC (proton-proton scattering)

First approximation: “Leading Order” (LO) { “QFT”
Improved calculation: “Next-to-Leading Order” (NLO) | 4 4+ ...
* Cen pioneered the program of NS i e
mOtivating o Calculating precision Single-top production Determination Pinpointin
(NLO) SMEFT predictions for collider e _ e
processes - top quark, Higgs boson,... ? =H 2 | ) \ L
0 2

* He showed that NLO affects our
accuracy in determining the SMEFT

Ciw

-04 -02 00 02 04

couplings & in pinpointing the origin Cov e

||||||||||||||||||||||||||

of observed deviations from the SM [CZ; Phys. Rev. Lett. 116 (2016) 16, 162002] :

MCnet SChOOl at IHEP -2 ]Mly 2021 \,ﬂg ::::::eti; :'rjgflesnc?:’?iSPhysics



Ken

Precise SMEF T

* Cen’s work provides invaluable predictions & analysis for many key LHC processes

* Single & pair production of top quarks, and in association with Higgs/Gauge bosons

[Fransozi & CZ; Phys. Rev. Lett.

l‘l‘ £ I H [Maltoni, Vryonidou & CZ;
116 (2016) 16, 162002
20L0) 1 JHEP 10 (2016) 123]

= [ Bylund, Maltoni, Tsinikos, Vryonidou [Degrande, Maltoni, Mimasu, Vryonidou
1+ 4 / 14 & CZ; JHEP 05 (2016) 052] ok H / 4 & CZ; JHEP 10 (2018) 005]
* Crucial in understanding the interactions/dynamics behind the Electroweak
symmetry breaking mechanism, a major open question of the Standard Model

“How exactly does the Higgs boson give mass to fundamental particles?”

* Major milestone in our programme: development & release ot SMEFT@NLO

Automated one-loop computations in the standard
model effective field theory

Céline Degrande ,1’* Gauthier Durieux ,2,+ Fabio Maltoni®,** Ken Mimasu®,’

S Eleni Vryonidou®,*! and Cen Zhang®*®" | Industry-standard tool for experimental & theory communities

* Generic NLO SMEFT predictions for collider simulations

[Phys. Rev. D 103, 096024 (2021)]
MCnet school at IHEP - 2 July 2021 3Gy et of High Enargy Pyl



Ken

Cenand |

* I met Cen around 2014/2015 in the R1 cafeteria at CERN
* I already knew very well who he was!

Even as a junior postdoc, he was recognised as a leading expert

*

* We started collaborating in 2016

My reference point for all technical & conceptual questions about EFT 88 Couplings 218 In

Tokyo. (photo: G. Durieux)
[ look up to him as a scientific leader, admire his deep physics intuition
and technical calculation skills

[ am proud to have shared in his research (at least helping by
answering his questions about English!)

Patience, kindness & hospitality during my visits to Beijing
Fantastic memories of time spent together at intl. conferences

Top 2019 1n Beijing.

MCnet school at IHEP - 2 July 2021 5G9, Imstitute of High Energy Physics
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Eleni

HH

Towards global fits for the EF T
H+ H CPV

Top J VBS o .
Constraints on heavy scale |
physics

DATA:
| cross-sections, distributions |

4-tops ttH itV
H/Z EWPO

Methodology:
Uncertainties, fitting
methods etc
Adapted from K. Mimasu

A complicated and difficult procedure but absolutely necessary to identity
any deviations from the SM
Cen’s physics intuition and computational skills were crucial in this effort

MCnet school at IHEP - 2 July 2021 EC M



Eleni

Global EFT fits in the top sector

| WM Top — only (Data '19), Quadratic NLO EFT
£ 103} == Top — only (Data '21), Quadratic NLO EFT C) MEFIT
(<] 1
[ T o iy e ———
~
:1/ ]
s 102l
T 109
= ]
5 |
= ]
°
g 107
8 ]
g
g 107
e} ]
o .
X
& 10-1
210
o
[}
=]
=
2 10-2
£ 10
<
=
10—3 o] o8] o o o o > > © pel (O] u [s2] S
= T 2 3 5 &% 5 5 5 B 8
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Ethier, Maltoni, Mantani, Nocera, Rojo, Slade, Vryonidou and Zhang arXiv:2105.00006
Hartland, Maltoni, Nocera, Rojo, Slade, Vryonidou and Zhang, arXiv:1901.05965

Run II, ATLAS+CMS, 68% and 95% C.L.

3l | Global fit
[ Global fit &y/2
2 0.7
1 I .
S S S I I_1y I TI 15 =
> ot thd } 11 [1l1 £
e, 1 L] Il I
- 1 1 = 1.5 o
o™ _1 \ 9
= I =
O e -
—2 I 0.7
-3
—4 -Qitter 0.5
>, C, O-OO-OOO‘OOOOOO\O--OOOC)OO
FGPTTGGTECRLTELL Y e e m e e e
/0 7 /0 (7

A/VC = 0.35 —2TeV

Brivio, Bruggisser, Maltoni, Moutafis, Plehn, Vryonidou, Westhoff, Zhang arXiv:1910.03606 (SFitter analysis)

Long projects requiring a lot of calculations but also a lot of effort to understand the results
Crucial contributions from Cen

MCnet school at IHEP - 2 July 2021
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My collaboration with Cen

Cen and I overlapped as postdocs in Belgium, we first met in 2013
Started collaborating around 2015
Worked together continuously since then

Visited Cen in BNL 2015 and Beijing 2018
Cen visited me at CERN 1in 2019

Eleni

Wrote 10 papers together, several projects were initiated and driverrby Cerr—
[ have learnt a huge amount from Cen, proud to be his most

S —

FAFERL 4T IR R

Cen’s hospitality and kindness

fvramiiant ~A11 ﬁl'\r\vf\ltor L BNL 2015: Cen had to drive me
Collaborators | around for dinner every night
Eleni Vryonidou 14 | because I didn’t rent a car

reblo Malten = * Beijing and Hefei 2018: Cenhad to |
take me to dinner but also took me to

Gauthier Durieux 9

Shuang-Yong Zhou 8

' "t FREe ey

the hospital...

Ken Mimasu 7

https:/ /inspirehep.net/authors/1333165?ui-citation-summary=true e e
MCnet school at IHEP - 2 July 2021
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Gauthier

Future e e~ collider in China

“ 100 km circumference (27 km for LHC)

* Z,W and Higgs boson factory
* What about the top quark?

1)Push the energy to ete— t t

2 )Exploit quantum effects

possible CEPC sites
|CERN Coutrrier June ‘18]

t
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Gauthier

Top EFTine"e™ — tt

* Probing tty, ttZ, tte*e” interactions

* Most comprehensive study to date
JHEP 10 (2018) 168 (Cen, Martin Perells, Marcel Vos and myself) €

0.2 0019 G |—— 2 " .
| statistically optimal observables

vA
-0, 1 -0, .00 19 . T :
0.3 0.1 =03 9 Ce, n I ILC-like run scenario
-0.1 -0.2 0. (';}‘, e e 500 b 1 at \/._S' = 500 GeV

: 0.2 . e | lab~!at /s =1TeV _7
-0.3 -0.1 . -0.3.

. | Ple™,e”) = (£30%, F80%)
0.1 0.2 -o.s.-o‘l

0.2 -0.2 -0.2 .- -0.1

e t

S < Institute of High Energy Physics

Chinese Academy of Sciences
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Gauthier

Top EFT via quantum effects

L t
* Pioneered in Z,~ w@w Zoy =l vvv@'\m W
Phys.ReV.D 86 (2012) 014024 / :
(Cen, Nicolas Greiner, Scott Willenbrock) € g o w+
/ - t
“ Pursued JHEP 08 (2018) 036
(Cen, Eleni Vryonidou)
; Zi e W—

* Applied to e*e- :
Chin.Phys.C 42 (2018) 12
(Cen, Jiayin Gu, Eleni Vryonidou, myself)

“* Demonstrated sensitivity

* Shown requirement for Higgs
precision

MCnet school at IHEP - 2 July 2021 sy ot of g Energy Py
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Gauthier

My tme with Cen

Cen and I met in Louvain in 2012

Travelled for two weeks together in Boston and Princeton (2013)

Visited to Brookhaven (2015)
MITP Mainz Effective field theories as discovery tools (Aug 2016) o
HEFT 2018 in Mainz and DESY Theorist of the month (Apr & May ﬂ . e
MadGraph school in Hefei and Higgs Coupling in Tokyo (Nov 2018)

HEFT 2019 in Louvain (Apr 2019)

Top-quark conference and month-long visit in Beijing (Oct 2019)

MCnet school at IHEP - 2 July 2021 EC it A



Shuang-Yong Zhou

Meeting Cen

* met Cen when inviting him to give a talk at USTC in 2018 s
(2018 3 @ % &gt £ F 2t X RE D KLEA) I o -

* he gave a talk on SMEFT (. # T — /N2 F 4G £ Al 2% %
h48-E )

* limited office space, he stayed in my office afterwards (-2

TR 1%, REBRLHKEARDGLF)

* ] asked: can we use positivity bounds to constrain SMEFT?

(KA %EALEBAELRHNBES W ERT? )

* Cen took my question seriously...( A4 B .28 # T & @) 1)

Higgs and Effective Field Theory (HEFT 2021)

T %4A »1-4A16

MCTl(Zt SChOOl at IHEP -2 ]Mly 2021 \,fﬁ L’L?ﬁ?:‘!iiﬁ ?gle;?:gi:hysics
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Shuang-Yong Zhou

What are positivity bounds {14 A& IE EEZ) R ?

Are all EFTs created equal’? No!l % 2 Hn#8 2 & ie-hg? R/

Axiomatic Prmol:)les of quantum feld theorg
lorentz i invariance, unltarltg, causalltg) locahtg) analgtlotg

% S Rz BT
b AT, 258, R, HARY, w1

¥

Positivitg bounds on Wilson coeficients

RAGEBOEEEAE

MCnet SChOOl at IHEP -2 ]Mly 2021 \?}J L’L?i?:e‘ic‘lﬁ :':g*:)fEsnc?;?i:hysics
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Not every L =FT with rlght sgmme’mes iIs consistent!
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Shuang-Yong Zhou

Positivity bounds

» Parameter space of SMEFT has huge redundancy €z & SYZ, PRD, 1808.00010 E
(SMEFT 4 A 8 B % 18 L W Tk . KH 5 A LT WA A2 b LT ’
&) Vo)

* Get optimal bounds for multiple particles by convex geometry

(AR LNTEFEBRBBRBIBE3HE, LRI LRENAENED)

* Find relations between S-matrix cone’s extremal rays and UV states

(K2SHGHBRREL E2AED L%, NI KM E L) €Z8&SYZ PRL, 2005.03047

® E
* Formulate multi-particle bounds as semi-definite program problem e o °&
(B3B3 HRRNRALLE EZAMAR, LIRS EHE) g o:
Fi. X, Yang, CZ & SYZ 21010119 J ®E,

MCne { SChOOl at IHEP -2 ]Mly 2021 ‘,fﬁ 'cnh?:::etiiz :'rjgflesn::Si:hysics



Yi-ming Liu

Cen’s group at IHEP

Valerie Wu

Yi-ming Liu Cheng Jie Yang Cen Zhang Xu Li Yuchan

XI|—05 M

iy |
il

1] ’
\\

'  /} \\\\
")" :

\\\\ \““

i
;

He is trustworthy and warmful. [ sometimes felt that he tried to make Cen Zhang is a very rigorous, energetic and humorous scientist!
growing up his students, and also me. I'm very happy that I could be As for me, the most impressive instruction from him is that one
mvolvedinhisworks partially,and limistilldearninghis brilliant of the key qualities of being a physicist is prudence.
WOTKSH(KEMTKONamashitaypost>6 06). (Yi-ming)

MCnet school at IHEP - 2 July 2021 BB Corees soxtomyctscomons



Positivity

» Positivity in e+e- scattering as an example (of Gauthier and Shuang-Yong) before %)

-(2009.02212) 3 15 BH & XX EE # Il flGauthier Durieuxz& i T1E

Yi-ming Liu

B i)

* We consider positivity bounds on dimension-8 four-electron operators in e+e- scattering at future

lepton colliders. 7EARH T-XHINL b, oA RIS IE $7 L T X ilok 20 SRS 4 U e ok T B ) 1T 52

il

M B /R #0245 [A] and positivity violation at scales of 1-10 TeV can potentially be probed at future
lepton colliders. YEARRAE T XML L, FAT 1 ISLEFAT 1 BUR ik R 1L EVEL R AERERR

1-10TeV o] eI o

* The positive nature of the dimension-8 parameter space T
often allows us to either directly infer the existence of UV-
scale particles, together with their quantum numbers, or to
exclude them up to certain scales in a model-independent |
way. SAETAFHY IE € M BUR 1Hh ) 2 TR 25 [R] BE A 315 FA) 1 e
VRS LU 240, A TR REdr B HERR AT S o

MCnet school at IHEP - 2 July 2021 BB corene scatomy ot scorens
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Cen’s legacy paper

SMEFTs living on the edge: determining the UV
theories from positivity and extremality

L)

L)

* In the last months Cen had been working on a solo
paper which had reached 87 pages already:.

Cen Zhang®®

¢ Institute of High Energy Physics, and School of Physical Sciences, University of Chinese Academy
of Sciences, Beijing 100049, China

bCenter for High Energy Physics, Peking University, Beijing 100871, China L X2 He had Sent it tO Collaborators tO read it in 1ate May:

E-mail: cenzhang@ihep.ac.cn

ABSTRACT: We study the “inverse problem” in the context of the Standard Model Effective
Field Theory (SMEFT): how and to what extend can one reconstruct the UV theory, Hi Fabio,
given the measured values of the operator coefficients in the IR? The main obstacle of this

problem is the degeneracies in the space of coefficients: a given SMEFT truncated at a : : g : : s 5 2
finite mass dimension can be mapped to infinitely many UV theorics. We discuss these following this topic, I wrote a paper. It's attached. I think it's interesting, but in a somewhat

degeneracies at the dimension-8 level, and show that positivity bounds—a set of bounds strange way... I would like to hear about your advice or thoughts or any comments.

derived by assuming a SMEFT can be UV completed—play a crucial role in the inverse
problem. In particular, the degeneracy either vanishes or becomes significantly limited, for
SMEFTs that live on or close to these bounds. The UV particles of these SMEFTs, and

their properties such as spin, charge, other quantum number, and interactions with the

It's a bit long, 85 pages now, but no hurry, I think it will take another month for me to check
the language, calculations, and add refs and so on, and also to implement your comments...

SM particles, can often be uniquely determined. We first present a systematic approach

to construct the set of UV-completable SMEFTs as a positivity cone, by enumerating the Please let me know and thank you very much!
generators of the latter. We then show that a geometric notion, extremality, conveniently

connects the positivity problem with the inverse problem. We discuss the implications of

a SMEFT living on an extremal ray, on a k-face, and on the vertex of the positive cone. Cen

We also show that measuring dimension-8 coefficients allows to set exclusion limits on all
individual UV states that interact with the SM, independent of specific model assumptions.

¢

L)

)

Our results indicate that SMEFTs at dimension-8 encode much more information than one

* He argued that at dim=8 one could determine the UV
would naively expect, which can be used to reverse engineer the UV physics from the ol 2 . .
SMEFT. While these results in general do not apply to dimension-6 coefficients, some theory Completely by palrlng the lnformatlon Wlth

possible application is also discussed.
positivity.
MCnet SChOOl at IHEP -2 ]Mly 2021 ‘,ﬂé 'cnh?:::etiiz :'Eflesr\C?:gi:hysics



Dear Cen,

Thanks for all you have given us: your generosity,
your humbleness, your friendship, your laughs,
your love for physics and your amazing insights.
Be sure, we will keeping following your lead.

Your sky is our sky.

And it is blue.

I ———

The Great Wall, Top Quark Workshop, Sept 2019

. Institute of High Energy Physics
¥ : Chinese Academy of Sciences
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Recent organizational work

* Co-organiser of Top 2019 at IHED, Beijing

* Co-organiser of the “All things EFT” seminar series born in 2020 on line widely

attended world wide
* Higgs and Effective field theory 2021, Hefei, April 2021 (223 participants)
* MCnet school in June 2021 at UCAS (~50 PhD students)

MCnet school at IHEP - 2 July 2021

ergy Physics

W ’ Institute of High En
52 2 :;_.;.,.{ef" Chinese Academy of Sciences


https://indico.cern.ch/event/792576/
https://sites.google.com/view/all-things-eft
https://indico.ihep.ac.cn/event/13632/
https://indico.ihep.ac.cn/event/11202/

emories

Shanghai MadGraph School at SJTU 2015

Cen’s lectures

Stefan Prestel and Cen
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http://Shanghai%20MadGraph%20School%20at%20USTC%202015

Memories

A

G

Beljing
CERN School
at UCAS 2016

Cen, Fabio, Kentarou (picture taken by Hua-Sheng)
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Memories

ijing CERN School at UCAS 2016
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Qiang Li, Huan-Shao, Fabio, Kentarou, Cen (pic taken by Qi-Shu)
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Memories

Cen and Ken

MCnet school at IHEP - 2 July 2021
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Memories
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HPNP2017, Toyama 2017 Cen’s talk
MCnet school at IHEP - 2 July 2021 i e



http://www3.u-toyama.ac.jp/theory/HPNP2017/program.html
https://indico.cern.ch/event/571194/contributions/2423247/attachments/1420027/2175721/hpnp2017.pdf

Memories
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Memories

Cen and Hua-Sheng at Higgs Hunting 2019
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Memories
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CERN SCHOOL 2016
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