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Never forget where we started

Electron Anomalous . §
. ysicists must consider
Magneth Moment loopier Feynman diagrams

k, — k—l_q to make more accurate
predictions of collision
outcomes. But the calculation
also grows far more complex

as the number of diagrams
explodes. A simplifying trick
called Laporta’s algorithm has
enabled predictions with greater

than two-loop precision.

A calculation which established the
foundation of Quantum Electrodynamics

Schwinger, Phys. Rev. 73, 416

that need to be

considered
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a. = 0.001 159 652 181 643(764

Aoyama, Hayakawa, Kinoshita, Nio, PRL109, 11807

a. = 0.001 159 652 180 73(28

Hannake, Hoogerheide, Gabrielse, PRA83, 052122




Collider physics as precision science
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Master formula for collider physics
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Feynman Integrals as a branch of experimental mathematics

Experimental mathematics is an approach to mathematics in which computation
IS used to investigate mathematical objects and identify properties and patterns.

reducible feynman integral

iterated integral R cluster algebra e rham cohomalogy

fe nman inte raI o~
elliptic curve y . g tdlf[qtredqyal eﬂ‘!af“’“ S —

14.2.3 abelian
transformation of differentia ial

huffle produ
S hodge structure loop mtegral ‘modulus space

sseerse [TIXE hodge structure hopf algebra ~ dimensional regularisation

hypergeometric function base transformation
quantum field theory

system of differential

Word cloud extracted from Weinzierl, 2201.03593
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SCALAR ONE-LOOP INTEGRALS

G.’t HOOFT and M. VELTMAN * A classic reference for all one-loop
Institute for Theoretical Physics*, University of Utrecht, Netherlands integ rals
Received 16 January 1979 * Precision calculation becomes an

iIndustry from here

NPB153 (1979) 365-401
 Many of the concepts from the
previous slides can’t be found

e Demonstrate a continuous
revolution In this field




Cluster algebra structure in physical observable?

L12( 2)
Lis(1 4+ w3) 4 Lis(1 + w3) + 2 Liz(—wv3)
—L12 1+ wy) — Lig(1 + wy) — 2 Liz(—v1)
1 1+ 2

1+ 2
g4 = Lig(1 4+ wy) — Lig(1 4+ wq) + Lis (1 4+ ws)
— Lis(1 4+ wg) + Lis(1 + ws) — Liz(1 + w3)

ig
(

2( 22) LiQ(—zz) -+ 5 In |22|2 In
(

gs =T )
ge = In” %
gr — In :—1 In |22|2
K. Yan, X.Y. Zhang, 2203.04349; g8 = In(1+w3)In|z|" —In (14 v1)In 23]
1.Z. Yang, X.Y. Zhang, 2208.01051
T1, T2, T3 = 1+a:2, Ty = 1tz 14zt
Appearance of a Az cluster . ai1+ N ainr N T1To ..

algebra in an e+e- observable! Ty = S T TS T =&, W= =1,



Vector space of Feynman integrals
Tkachov; Chetyrkin, Tkachov, 1981

Rational coefficients [ 11 ]
— (Cl C9 C3 c . Cn) ]3

Process independent
Finite dimensional

S[elbaju| J81SEeN

Question: how to find the coefficients?
Solved at one-loop [Britto, Cachazo, B. Feng, 2004]; in principle also at higher loops (.« computing power)

What is the dual of Feynman integrals?
e Dual vector What is the proper inner product?

* |Inner product

) \ / Intersection Theory

Ay — ; a . .
Mastrolia, Mizera, 2018




Intersection theory and canonical Feynman integrals

* |n actual calculation, we want not just the >
reduction to Feynman integrals, but to

“simple” Feynman integrals: canonical Fl
[Henn, 2013] P A B .

P2

* A novel method for directly constructing
canonical Fl from intersection theory using
generalized Baikov representation P

J.Q. Chen, X.H. Jiang, C.C. Ma, X.F. Xu,

L.L. Yang, 2202.08127 Relevant for gg->yy
e gg->HH (small mass limit)
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Auxiliary Mass Flow Method

Developed from 2017 - 2022: X. Liu, Y.Q. Ma, C.Y. Wang, 1711.09572; X. Liu, Y.Q. Ma,
1801.10523; X. Guan, X. Liu, Y.Q. Ma, 1912.09294: X. Liu, Y.Q. Ma, 2201.11669,

de D_VK—H N b mod
Imod (,m) /H e K+1 N . ID’( ) — lim I (E ,,7)
imP/2 (Dy + Ay X i)t -+« (D + A X in)Vx n—0t
’ ‘(n /\
ST Sy Limit is taken by solving Q N
—Toii otz an ODEforn from e to O* @ @ @
________ T--“’/ 4
AMFlow & T =—Te

Project ID: 32748265 [

-0- 54 Commits ¥ 1Branch ¢ 2 Tags & 3.7 MB Project Storage 2% 1 Release

X. Liu, Y.Q. Ma, 2201.11669

A proof-of-concept implementation of auxiliary mass flow method.
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Application of AMF method to single top production

e | arge rate for single-top at the LHC can be used
to measure properties of top quark and CKM.

* Previously NNLO corrections for factorisable
only: [M. Brucherseifer, F. Caola, K. Melnikov; E.

Berger, J. Gao, C.-P. Yuan, H.X. Zhu; J.
Campbell, T. Neumann, Z. Sullvian].

 Main bottleneck was two-loop virtual non-
factorizable diagrams, recently become
available [C. Bronnum-Hansen, K. Melnikov, J.

Quarroz, C.Y. Wang] using auxiliary mass flow
method [X. Liu, Y.Q. Ma, C.Y. Wang].

e Only slightly smaller than factorisable
corrections: 0.4% for inclusive Xsec, O(1-2)%
for kinematical corrections. Need to be taken
into account in future percent-level
measurements.
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non-fact.

| =— LO
] == LO+NNLO non-fact.
i (I ”:;1DGe\r

Scalc variation m;/2 to 2m;

228

226

224

| Bronnum-Hansen, Melnikov, Quarroz,

Signorile-Signorile, Wang, 2204.05770
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Quarkonium decay at three loops

F. Feng, Y. Jia, Z.W. Mo, J.C. Pan, W.L. Sang, J.Y. Zhang, 2207.14259

87’(0&262@
3MZ

NRQCD F(V — l+l_) — Cdlr T Z Clnd f_

f#7Q

Crrr =36.49486245880592537633476189872792031664181,

Crra =—188.07784165988071390579994023278476450389105,
Craa =—97.734973269918386342345245004574098439887181,
Crrr =46.691692905515132467558267641260536017779126774,
Crar =39.6237185545244190773420474220534775186981204767,
Crur =—0.270250439156502171732138691397778647923997721,
Crrr =—2.46833645448237411637054187652486189658968386,
Crrr =—0.8435622911595001453055093736419593585798252,
Crag =—0.1024741614929317408574835971993802120163106,
Crrm =0.05123960751198372493493118588999641369844635617,
" Crrrp =2.1155782679809064984368222219139443700443356
‘ +i0.494212710700672040241218108020160381155220487),
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3-loop light-by-light diagram




years

HIGGS boson

discovery
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The dawn of precision Higgs physics

ATLAS
Nature 607, 52-59(2022)

1= 1.05+0.04(th) £ 0.03(exp) £ 0.03(stat)

CMS
Nature 607, 60-68(2022)

1= 1.02+0.036(th) £ 0.033(exp) + 0.029(stat)

Total exp: 14% Run 1 = 6% Run2 — 777

Pressure Is on the theorists side to reduce theory uncertainties

15



Current status of theory uncertainties in ggF

d(theory) = “_L(l):flzggg (+g gg;‘j) d(scale)
+0.56pb (*1.16%) Oo(PDF-TH)

+0.49pb  (+1.00%) 0 (EWK)

+0.41pb  (+0.85%) (t,b,c)

::0.49pb (:‘1 00%) 5(1/mt)
. +2.08pb (+4 28%) 2
— —3.16pb 6.5% S
6(PDF) = 40.89pb 1.85%), P
blas) = Iinh (*3 02%) S
3

« Comparable uncertainties from different
sources

* | argest uncertainties from strong
coupling constant (come back later)

* Improving each of it is very challenging
but very important!

16

Dulat, Lazopoulos, Mistlberger, 2018

o(scale)
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40 60 80 100
Collider Energy / TeV

Full mass dependence of
heavy and light quark



Light-quark loop corrections to ggF

T Liu, I\/Iodl Penin, 2111 01820

2
: : mq | 4 Myq |
Next-to-Leading Power: m, |aslog? —+ + a2log” —- + - - -
- mH mH -
_ 2 2 _
NNLP: m‘z o log” L +aZ log* S -
- m4; m4; :
( e,
e &

increasing accuracy of the QCD predictions [58|. On the basis of the double-logarithmic
analysis we conclude that neglecting the terms suppressed by the mass ratio mj 2 [y’ 7 1In
such a calculation introduces a relative error at the scale of one percent in every order of
the perturbative expansion. Our result can also be generalized to estimate the high-order
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Top-quark loop corrections to ZH production

RS » Simultaneous probing Higgs-quark coupling
) ) and Higgs-Z coupling

\ * Discovery channel for H — bb

o (6666\ * Also used to constraint Higgs-charm
L. Chen, et al., 2204.05225 coupling
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Shots to prevent cancer show Visualizing a key stepin Silk-wrapped food wins
early promise p. 126 cytokine signaling pp.1394163 Bl & Science Prize p.146

$15

. 8 APRIL 2022
SCIEnNCe.org
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e

S

HEAVYWEIGHT

W boson mass measures higher than expected pp.125.136, 2170

Weighing the W boson,

precisely A

SM papers

BSM papers

Refs to CDF W-mass paper, as of 2022-07-11

19 credit: Gavin Salam



10 MeV precision requires ~0.1% control on distribution

transverse mass spectrum

! ' ' ' 1800
- : . : Amy, = 100 MeV
Fotal uneertainty CERN courier, 2022 2 oo
Stat. uncertainty ¢
o 1400—
Tevatron I combination : & S ol
PRD 70 (2004) 092008 é ok
DO II . e
PRL 108 (2012) 151804 E L
LEP combination & 3 =E plots frf) m CDE talk
Phys. Rept. 532 (2013) 119 | £ of Dy Chris Hays
ATLAS | . = SMpIPecIMUIAban L L .
EPJC 78 (2018) 110  hal Ve 7 7 B Gew)
°
LHCb | |
JHEP 01 (2022) 036 o 0 4 MeV
CDFII G impact of Amw=100 MeV
| _Science 376 (2022) 170 SN—————l . g F
Electroweak Fit (J Haller et al) | | 76 Mev § 1.02 ;’Amw e TOO MY 2%
EPIC 78 (2018) 675 s b
Electroweak Fit (J. de Blas et al.) - 2 |
arXiv:2112.07274 B 4t veeeeees e Iq
B 0
I I ' : 1.005—
30100 80200 380300 30400 80500 E
ilosmnen i sosasng o snievEE e RETETEAR Fal v SRR 5 SAVENREE S e R Ve aeRaE e % A
my, [MeV] : 0%
0.995—
- . .1 .. . . pmplifiedsimulation
65 70 75 80
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M, (GeV)
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W transverse mass distribution at N3LO

SCET+NNLOJET pp-W™ (=17v) + X VS =13 TeV SCET+NNLOJET pp-WT(=/7v) + X V5 =13TeV
LO == NNLO -
03] NLO N3LO (1/0)do/dmy
D 0.4+ o -
2 1.00 e
- E -
Q NNPDF31 nnlo = e SOOI A a——
S 03 7-point—scali\r/:riation - o T N Mnien
+ - HfF = Hr = My . @ NNLO M, I, (PDG) 7-point_scalc_e \r/r:;zriation
g % () 0.9 . N3LO M,, T (PDG) He ZFa =T
S A R :
]E; 0. 1.04
O 0.1 N
l_EFZLOZ
0.0 E; 4 - _,—_-.c::.--
9 1.075 q%“t = 2.0 GeV o _— : r.,‘,. ..... -]
< 1.050 I : :"
CZD i % 0.96 m= NNLO M, T, (PDG) -
* 1.000 o m= NNLO M,, (CDFII) T, (PDG) |
2 o075 4o 094 NNLO M,, (L3) T, (PDG) |
5 0.
T 5.950 8 s i
- ©
oC
 First N3LO prediction for W transverse mass distribution |
6,56 @ NNLO M, I, (PDG) .
_ . ;o NNLO M,, (PDG) T, (PDG+0) -
* 1% shape uncertainty translate naively to 100 MeV NNLO M, (PDG) T, (PDG-0)

uncertainty in W mass

0 20

40 60

m%" [GeV]

80 100

X. Chen, Gehrmann, Glover, Huss,
T.Z. Yang, HXZ, 2205.11426

* Normalized shape much more accurate, ~0.3%. Not
enough to explain CDF anomaly o1



PDF impact to W mass

0 My in MeV|sta. NNPDF3.1 CT18 MMHT14 NNPDF4.0 MSHT?20

(Mr)(LO) |~ 0fgF 10757, —33%; 478057 —3.1%%7 ’ [S=—3}
¥ fit (LO) [8.0  077¢  —1.073s —-3.3755 +8.0757 —3.07) 1 — Amy=+10MeV -

+5 9 +8.'8 +gﬁg +%:§ +flrf8 > 0.04 —— CTEQ6M =
(MT>(NLO) B 0—59 _4°2—13.3 _5‘0—5.3 __6'9—6.2 _7'6—6.7 8 —— MMHT14NNLO A

x? fit (NLO)|[8.0 075  —4.37), —5.173% +7.1752 —7.8751 ~ CT18NNLO
CDF 9.2 Ofg’g — — _ _ ‘c% —— NNPDF4ONNLO -

— [0 0'02__ \ —_

e spread of predictions from different PDF
sets can be larger than the PDF
uncertainty predicted by a specific PDF _
set -

0.005 L
o |
s of —
» PDF variations can not explain CDF s | :
n -1 —

discrepancy v Gew

J. Gao, D.Y. Liu, K.P. Xie, 2205.03942
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Update from ResBos2 for W mass measurement

One comment to CDF measurement is that they used an previous version of
ResBos, which does not match the best QCD accuracy (N3LL)

2Q*

i L
Sudakov factor S(b) = / f-i_—';— [m(C%? |
C2/b2 H H e

Henn Korchemsky, I\/Ilstlberger 1911 10174

| von I\/Ianteuffel Panzer Schablnger 2002 04617 \ \_

SLBE | [ | | | | | |
i —— NNLL+NLO CDF Tune
— I —— —— NPLL+NNLO I
The recent CDF W mass measurement of 80,433 4+ 9 MeV is the most precise direct measurement. 0.08 - ~
However, this result deviates from the Standard Model predicted mass of 80,359.1 £ 5.2 MeV by
70. The CDF experiment used an older version of the RESBOS code that was only accurate at 0.06 - - .
NNLL+NLO, while the REsB0s2 code is able to make predictions at N°LL+NNLO accuracy. We
determine that the data-driven techniques used by CDF capture most of the higher order corrections, 0.04 ' -
and using higher order corrections would result in a decrease in the value reported by CDF by at g = ) . . . |
most 10 MeV. Aoy | ' ' - i
7 1.00 3 I = il
= —
J. Issacson, Y. Fu, C.-P. Yuan, 2205.02788 M eeeer——— B
I 0 2 4 6 8 10 12 14

23 pr [GeV]



W boson mass measurement at the LHC

pIT’ W+—) I+v T T T I T T T I T T T | v, T l.l ' L T I T T T I T T T I. |rnlW l(PlarltialI dorlnbl)

P, W—Tv ATLAS - = Stat. Uncertainty ’q-;
L, W Fy (s=7TeV,41-46f7 o o o) .
me, WoTv | e *‘____; ___________ Sgtmmammﬂ 45#
my, W—-1lv PN Full Uncertainty ~—
m;, W= Fv l @ Z
pLWsetv | —e= - =
m;, W' etv 2

LWy | —— —

m,Woowutv | Tl -

m-p, W= I'v —

m.-p', W Iv _——
mT-p'T,Wi—al“Lw..|...|...|..Tﬁ..|...|..|..|

80280 80300 80320 80340 80360 80380 80400 80420 80440 80460

mMel e LHC aims for 10 MeV uncertainty

0.06

* Current theory uncertainties ~ 100 MeV

0.05

0.04

TR

e Much theoretical efforts are needed:
(1) N4ALL resummation; (2) power

corrections; (3) non-perturbative TMD; (4)
QCD+EW

24
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Jets and their

8TeV 14 TeV 33 TeV 100 TeV
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Three jet production at NNLO

NNLOJET pp(gg)—ggg Vs =13 TeV
| | | | A | e — L0 — NLO —— NNLO-LC —— NNLO-FC
0.006 - LO +—1 R3 /23 Scale: Ho — HT/ 2., LHC 13 TeV ‘:b
/—E-I\ NLO : NNPDF31 nnlo as 0118
E - 7-point scale variation
2 100 e
E 1 e
o
5
b —

X. Chen, Gehrmann, Glover, ——
103 - .
‘Huss, Marcoli, 2203.13531

1.2

Czakon, Mitov, Poncelet, 2106.05531 e e e M

1.0 , . |
0.5 1+ | | | | 0.6-
>0 1000 1500 - <) S0 300 4000 300 600 800 1000 1200 1400 1600 1800 2000
Hr — ZPT,’& HT [GeV] mi23 [GeV] m%% _ (p1 + oy _|_p3)2
)

e 3/2 |et ratio is important for as measurement
e Giant NLO K factor. NNLO stabilize the ratio and smaller scale uncertainties

e How to better estimate scale uncertainties? (1) resummation (2) PMC scale

20



Top quark decay at NNLO with PMC

Principle of Maximal Conformality: absorbing all-order beta functions to as
R.Q. Meng, S.Q. Wang, T. Sun, C.Q. Luo, J.M. Shen X. G Wu, 2002.09978

| I I | | | | | | I | | | | | I | | | | | | | [ | | [ I ; ' - - ] -

ATLAS Preliminary m,,,, from cross-section measurements Lazr X

September 2019 I I

NNLO+NNLL: ti inclusive, 7 TeV 2014 y 171.4+2.6 1.401 ;
NNLO+NNLL: tt inclusive, 8 TeV 2014 v 1741+ 2.7 1.38F
NNLO+NNLL: tt inclusive, 7-8 TeV 2014 ¥ 172,972 C 13 ;

NNLO+NNLL: i inclusive, 13 TeV 2019 e 1731720 & ) | | -

NLO: t leptonic differential, 8 TeV 2017 e 1732416 1321 '

' PMC NLO

NLO: tt+1 jet, 8 TeV 2019 —y— 171.147 130f -

m,, from top quark decay, 2018 = 172,69+ 0.48 2 :

1.28 _

| | | | | | | | | | | | | | | | | | | | | | - R o T T T -

140 150 160 170 180 190 50 100 150 200 250 300 350

M op [GEV] i, (GeV)

[ pave = 1.338310 0572100015 £ 0.0023 GeV
om; 0as Missing higher orders
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Resummation of super leading logarithms

Gap Fraction

---------------------------------------

Data 2010 ]
POWHEG+HERWIG ]

S HEJ+ARIADNE

Becher, Neubert, D.Y. Shao, 2107.01212

A& = —65 4?% a3 L3AY 2F5(1,1;2, 55 —w)

008/

color-octet channel

= - 1
o
F g : as(QO)
e i s 0.06+
0.3 ATLAS 1 T B = 5
H Vs=7 TeV [Ldt=38 pb~ - :
n © 1253'35 g0.04WQO)
m B -
D i -
> 002f _
i - as(Q) :
" 000 oo
20 25 30 35 40 45 50
Qo [GeV]

e Jets production with large rapidity gap is important in VBF Higgs production, as well as probing BFKL dynamics.

* [t has been known for 15 years the existence of a class of super-leading logarithms in non-global observables [J.
Forshaw, A. Kyrieleis, M. Seymour]. Five-loop explicit calculation available, but no resummation formula known.
Effects not capture by parton shower.

* Recently an all-order analytic resummation formula become available, allowing for the first time estimating impacts of

SLL to gap fraction. »



as from jet substructure

 Among the four fundamental constant, as have the largest uncertainty

* (s IS the single largest source of theory uncertainty in Higgs cross section
prediction
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as from jet data and discrepancy

» Current jet data, although very rich, has not

BDP 2008-16
h .t f I I . .t . Boito 2015 L des‘:ays
show its full power in constrain as w
PDG 2020
wasozoms | | el [ ;é """"
. . . . Peset 2018 .
 Also long-term discrepancy in some e+e- jet fit rson 2018 (o -~
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8GOS | — v | | ]
6 B 1 | | | | | | 1 | | 1 1 I | ATI_lASRl I N JR14
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as from multi-point energy correlator

P. Komiske, |. Moult, J. Thaler, HXZ, 2201.07800

4 —r—rrr T
—~+ E3C/EEC CMS 2011 Open Data | “
EB C E4 C + E4C/EEC AKS Jets, lnjer:Tn< ;93 T
3F It € 1500, 550] GeV
EE C EE C e zéflarged-Hadron Reatios o

T E6C/EEC CHS, ngC > 1 GeV ifu ‘-l::u

Ay T(DT)T T

J=3/J=2 J=4/]=2

ENC/EEC Ratio
(\S)

1 LLLL
E5C E6C R
J=5/J=2 J=6/J=2 ) "
H. Chen, I. Moult, X.Y. Zhang, HXZ, 2004.11381 w0 W.Chen, Y.B. Li, Z.
osf — NuL+NLO XU, X.Y. Zhang, HXZ,
* Need to understand experimental g | —muwewo inpreparation
uncertainties for multi-point correlation 5

eTe” @ 1000 GeV
7 — poiut scale variation -
M, .U»’ € [Qjet/2| 2Qjet]

&
n

 Need to improve theory prediction (work _
N prOgress) 31 o+ T boor “7'“6510 N T




Summary

Remarkable progress in precision QCD and electroweak physics, driven by
LHC and other high energy colliders, interfacing with modern mathematics

Provides new understanding of QCD and quantum field theory in general

Precision calculation and measurement has help sharpen the description of
the Standard model

In some cases precision measurement has lead to discrepancy that might
due to new physics (W mass, py g-2)

Numerous opportunities ahead in light of high precision data in coming
decade
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Where do precision calculation stands?

TF Report Visual ToC

Fundamental
Theory

Phenomenology

= Computational
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TFO03: CFT and formal QFT
' TF04: Scattering amplitudes

- TFOS5: Lattice gauge theory

TFO1: String theory, quantum gravity, black holes

TFO02: Effective field theory techniques

{TF06: Theory techniques for precision physics )

{ TFO7: Collider phenomenology |

TF08: BSM model building
TFO09: Astro-particle physics and cosmology
TF10: Quantum information science

TF11: Theory of neutrino physics

Theory Frontier Snowmass report 2022



Highlights from last decade

* New perturbative and non-perturbative techniques (ranging
from the double copy structure of scattering amplitudes to the
advent of diverse bootstrap methods) have vastly expanded
our knowledge of quantum field theory

| 1€ diScovery of gravitational waves has catalyzed rapid

progress in precision calculations via scattering amplitudes
and inspired the use of gravitational waves to study particle

physics inaccessible via planned colliders.
—

* In precision collider theory the calculation of cross sections
to the NNLO and beyond in QCD has now become possible,
unlocking the door to unprecedented tests of the SM.

TT——————————, . Collider phenomenology has led to many new collider

observables including many forms of jet substructure and the
emerging field of multi-point correlators, and is employing
widespread innovations in computational theory to leverage
machine learning and artificial intelligence.

Theory Frontier Snowmass 2022 report
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Puzzles in (Non-)Perturbative QCD

Muon Anomalous Moment Strong Coupling Constant

HVP from: BNL+FNAL \ :

LM20 ‘ ;fc“x;} SR s .

BMW2°,.,-,.,,...... | H 2 notyetin WP ALEPH (j&s)
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BMW17 : Verbytskyi (2j) 1 ' &
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hmm... hmm...

s dJ. Thaler, Snowmass 2022 plenary talk




New observable connecting perturbative and confinement in LHC measurement

(€(n1)€(n2))w, 11 -T2 =cos Ry

100 P —

—+  Charged-Hadron EEC

107! E crossing of Bjorken
: scaling
Free Hadron @ Transition Quarks/Gluons

-!-'!' o

'} lim E(y)E(My) = > 0750, (7)
no—>11 ;

‘s

Ndrmalized EEC

_F{' CMS 2011 Open Data
_H-'I' AKS5 Jets, |n°f| < 1.9 E
_]_-l-'l' Pt € [500, 550] GeV ¢l

CHS, pF¥C€ > 1 GeV +3

03 .~ _~102 ____ 10' 10
Ry

P. Komiske, |. Moult, J. Thaler, HXZ, 2201.07800
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Reaching Across Disciplines

“Non-Gaussianities™ in collider energy flux

< UV to IR > <—— Theory to Experiment —>
Technique from Interpreted Computed Analyzed
collider physics through lens of through lens of with public
and QCD cosmology conformal field theory collider data
CFT In Jet Su bstru Ctu re < Phenomenological to Formal >
H. Chen, |. Moult, J. Sandor, HXZ, 2202.04085 H. Chen, |. Moult, J. Thaler, HXZ, 2205.02857

C.-H. Chang, Simmons-Duffin, 2202.04090 38
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