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Quantum Computing for High Energy Physics Yingying Li
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17:00 Progress on perturbative QCD at the LHC HuaXing Zhu
#LL/T BERRIX ID: 682 232 1942, #8 TR IR 17:00 - 17:30
Workshop summary Yi Liao
17:30 - 18:00
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48 parallel talks
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Dark Matter Annihilation via Breit-Wi @
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Sterile Neutrino Portal Dark Matter w @
Ang Liu

Probing Inelastic Dark Matter at the . @
HME P

Axion-like Particle Dark Matter and t. @
Wei Chao

Freeze-in bino dark matter in high sc A
Peiwen Wu

Probe axion-like particles at the elec A
Hongkai Liu

Heavy neutrino and lepton humber v @

Tong Li

Type |l seesaw Leptogenesis
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Disentangling the Neutrino Electrom @

Shao-Feng Ge

Phenomenology of Heavy Neutral Ga...

Honglei LI

Complementary LHC searches for U. @

Gang LI

Single Transverse Spin Asymmetry & @

Xin-Kai Wen

The Effective Operator Basis of the . @

b=,

Recent Dark Matter combination su. @
Ngoc Khanh Vu

Search for Higgs Boson Pairs in the @
Yanlin Liu

Precise measurement of SM-EWK Z @
Danning Liu

Discriminating Higgs production me @
Prof. Bin Yan

Electroweak corrections to double . @
R b

NNNLO QCD predictions for heavy . @
Yefan Wang

Soft photon theorem in QCD with m @
Yao Ma

Detecting Quadratically Coupled Ultr @
Mr Yuanlin Gong

Non-perturbative Effect on DM Electr...
#5X R

Feeble Sterile Neutrino Portal Dark M @
& Xl

Z Portal to the Dark Sector Through . A
Mr Xuhui Jiang

Broadband Search Strategies throug @
Xiaolin Ma

Dark matter candidates from U(1) hid...
Wan-Zhe Feng

Dark matter from hot big bang black @
Ninggiang Song

Neutrino CP Measurement in the Pre @
Chui-Fan Kong
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Probing the four-fermion operators v @
Hao-Lin Wang

On-Shell Construction of Effective Fi @
Ming-Lei Xiao
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Wenyu Wang

FIFILHAASOM D REER SIS 1. &
FHE 15

Dynamical realization of the small fie @
Hexu Zhang

Nonanalyticity and On-Shell Factoriz @
2 F

Bootstrapping One-loop Inflation Co @
Hongyu Zhang

Gravitational waves produced by do...
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First-order phase transition during in...
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Search for T-odd mechanisms beyo A
Boxing Gou

Optimizing Fictitious States for Bell @
Kun Cheng

Long-lived Searches of Vector-like L @
Yan Luo

Probing quirk signal at the LHC far . @
Jinmian Li

Search for nearly-degenerate higgsi @

A A

CPV double-aligned 2HDMs at the L @
MICHIHISA TAKE...

Global Symmetries and Effective Pa @
Dr Changlong Xu

Testing Bell inequalities in W boson @
Mr Qi Bi

Alternative Froggatt-Nielsen like me...
Fei Wang



TeV..- more than TeV ---

FEFENHRESER

- Colliders
ATLAS, CMS, STCF, CEPC, LHCb

- Dark matter
WMIP, light DM, ultralight DM

- Neutrino
Nu Pheno, Ov[3(3

~ Cosmology
GW, Non-Gaussianity,

- Computation
pert. & non-pert. QCD, quantum computing



ATLAS Highlights

- Traditional SM searches

ATLAS: highlights of standard model physics results

Higgs property combination for Higgs 10th Anniversary

Nature 607, (2022) 52 ¢k
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Precise Higgs mass measurement
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Higgs self-coupling with H+HH
PLB 843 (2023) 137745

arXiv:2308.04775(PRL)
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Observation of entanglement in t-tbar pairs

Quantum Entanglement in ttbar events

* 2022 Nobel prize “for experiments with entangled photons

* 2023: Entanglement is observed in tt™ pairs for the first time
* Entanglement measured is higher than expected in signal region (340,380) GeV

Afik & de Nova, EPJPlus

High energy collisions ATLAS, arXiv:2311.07288 i
, . o1} ATLAS éO.
Source of entangled particles: pp - tt Tl p
. /s=13TeV, 140 b
-0.2
| ¢ u
[a A - ©
E L
3 -03f 1
Two polarimeters: ) [os=s=sss=ssSSessssesssd VL
o ey s | arXiv:2311.07288
t - Wb, W Fv o _04; 1
B B —-.— Limit (Powheg + Herwig7)
—---- Limit (Powheg + Pythia8)
@ I Theory Uncertainty
-0.51 @ Data
@ Powheg + Pythia8 (hvq)
é I Powheg + Herwig7 (hvq)
0% 340 <, <380 380 < my < 500 My > 500

D < = 1/3 Entang/ement (ne W’) Particle-level Invariant Mass Range [GeV]

In tt production, an entangled system must yield:
Afik & de Nova, EPJPIus, 2021

D < -1/3,

where D = angle between decay leptons in t and t rest frames

Improvements on searches of DM, long-lived particle, SUSY, LVF, etc



CMS highlights, more on experimental innovations

~ Advanced jet neural network (ParticleNet) for low-level input

Traditional analy3|s in ATLAS
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Model-agnostic searches

-> CMS systematically test all model-agnostic

approaches to search for resonance
% first performed on toy data (from simulation)

% achieve comparable/better performance
than conventional search using jet
substructure selection (T21, T32)

ANN in CMS

136 b (13 TeV)

—
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ParticleNet: Jet Tagging via Particle Clouds

Huilin Qu (UC, Santa Barbara), Loukas Gouskos (CERN)
Feb 22, 2019

PRD 101 (2020) 056019

%) 250 citations
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->¢- 121 < 0.4 & mgp > 50 GeV
T32 < 0.65 & Mgp > 50 GeV
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R
20 25
Cross Section (fb)



New Physics at LHCb

CP WIRATIE

® 1.40 and 3.80 derivation for D°

- K Ktand D° -~ nt

® The first evidence for direct

CPV in a specific DY decay

Lepton Universality
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Super Tau-Charm Facility (STCF)Physics and Challenges ®EERIHRES

uper au harm acilit

Linear accelerator Dampring  Storage rin'g

e E.=2-7GeV, L=0.5x10%cm2s?

~em,

* Potential for an upgrade to increase L and realize polarized beam

» Site area: 1 km? (Hefei Future Big Science City)

e 2021 -2027: Key technology R&D, 0.42 B CNY.
* 2026 - 2031: Construction, 6 years, 4.5 B CYN.
e Operating for 15 years (upgrade...)

_ AN
PID system

leptons, particles
made of ¢ quarks to

Betlett: 10ys || STCF: Tyear |~  [msesm

W Bellell(50 éb

N(sample)

D° : D, Ae Jy v(3686) X(3872) Y(4220)

| W STCF(1 ab

)

Zc(3900)‘

Y
Exotic hadons

Super particle Light hadron \

Y
factory: Charmed particles

Search...

d I‘(lv > hep-ex > arXiv:2303.15790

Help | Advanced

High Energy Physics - Experiment

[Submitted on 28 Mar 2023 (v1), last revised 30 Mar 2023 (this version, v2)]

STCF Conceptual Design Report: Volume 1 --
Physics & Detector

M. Achasov, X. C. Ai, R. Aliberti, Q. An, X. Z. Bai, Y. Bai, O. Bakina, A. Barnyakov,
V. Blinov, V. Bobrovnikov, D. Bodrov, A. Bogomyagkov, A. Bondar, |. Boyko, Z. H.
Bu, F. M. Cai, H. Cai, J. J. Cao, Q. H. Cao, Z. Cao, Q. Chang, K. T. Chao, D. Y. Chen,
H. Chen, H. X. Chen, J. F. Chen, K. Chen, L. L. Chen, P. Chen, S. L. Chen, S. M.
Chen, S. Chen, S. P. Chen, W. Chen, X. F. Chen, X. Chen, Y. Chen, Y. Q. Chen, H.
Y. Cheng, J. Cheng, S. Cheng, J. P. Dai, L. Y. Dai, X. C. Dai, D. Dedovich, A. Denig,
|. Denisenko, D. Z. Ding, L. Y. Dong, W. H. Dong, V. Druzhinin, D. S. Du, Y. J. Du,
Z. G. Du, L. M. Duan, D. Epifanov, Y. L. Fan, S. S. Fang, Z. J. Fang, G. Fedotovich,
C. Q. Feng, X. Feng, Y. T. Feng, J. L. Fu, J. Gao, P. S. Ge, C. Q. Geng, L. S. Geng, A.
Gilman, L. Gong, T. Gong, W. Gradl, J. L. Gu, A. G. Escalante, L. C. Gui, F. K. Guo,
J. C. Guo, J. Guo, Y. P. Guo, Z. H. Guo, A. Guskov, K. L. Han, L. Han, M. Han, X. Q.
Hao, J. B. He, S. Q. He, X. G. He, Y. L. He, Z. B. He, Z. X. Heng, B. L. Hou, T. J. Hou,
Y. R. Hou, C. Y. Hu, H. M. Hu, K. Hu, R. J. Hu, X. H. Hu, Y. C. Hu et al. (337

StUdy the deep additional authors not shown)
StrUCtU re Of matter The Super T-Charm facility (STCF) is an electron-positron collider proposed by the
a nd ba Sic Chinese particle physics community. It is designed to operate in iscentfr—tl)f-mass
energy range from 2 to 7 GeV with a peak luminosity of 0.5 X 10°"cm™ s™" or higher.
Interaction The STCF will produce a data sample about a factor of 100 larger than that by the
present T-Charm factory -~ the BEPCII, providing a unique platform for exploring the
asymmetry of matter-antimatter (charge-parity violation), in-depth studies of the
internal structure of hadrons and the nature of non-perturbative strong interactions,
-5 as well as searching for exotic hadrons and physics beyond the Standard Model. The
Poor 107 "W Currently limit | i
= o STCF“yab_,) BSM prediction STCF project in China is under development with an extensive R\&D program. This
E  BSM(upper limit) document presents the physics opportunities at the STCF, describes conceptual
. - I BSM(lower limit) designs of the STCF detector system, and discusses future plans for detector R\&D
> 107 E STCF and physics case studies.
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Recent Progress on Neutrino Phenos
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EFT: connecting low-energy phenomenon to high-energy scale
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Probing Dark Matter Particles with Astronomical Observations TRiEAIIRES
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Light dark matter ~keV-GeV XI{EAIH S

- f28Y:  dark photon, dark scalar, and dark sector ...

More: asymmetric, freeze-in, SIMP, ELDER, co-annihilation, non-thermal...
non-minimal misalignment, cosmic strings, inflationary fluctuations

Elastic nuclear scattering

Electron scattering: CDEX-10
S excitation/ionization 2206.04128 [PRL]
- IR look for /' DM
this jiggle target e
natere 7 DM-electron
scattering
o
Migdal effect & nucleus
/ 2
Hy e
G, ~ AT pe? ’il’
q
DarkSide-50

2207.11968 [PRL]
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Ultra-light dark matter detection in Tunable SRF Cavities SRS

Current DPDM search

Haloscope sensitivity

SRF Cavity

mHz Hz kHz ~ MHz = GHz  THz eV keV largely depends on Q: » Significant @y > 10" compared to copper cavity

Jupiter

p—
@)
(@]

bl Superconducting cavity has

p—
(@)
L

102 » Superconducting Radio-Frequency (SRF) Cavities:

|
@

extremely high Qo ~ 10'° — improve SNR Qé/4

|
Ql

i G
O|OO|O
o s

» 1-cell elliptical niobium cavity with mechanical
tuner, immersed in liquid helium at T ~ 2K
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» TMjpig mode: z-aligned E maximizes the
overlap for dark photon dark matter (DPDM)

DPBDMEell DPDM

Reionisation _
(Caputoet al.) (el LAMPOST

FUNK )
photon Haloscopes SENSEI

DM SuperCDMS
DarkSide XENON
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Black hole
superradiance
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Dark photon mass [eV]

mmmermmremmen. » Longitude mode has better sensitivity because of the larger
spatial wavefunction

— ..

"how to make use it? |
5 orders more than
d  traditional cavity.

Still a lot of room
to detect

-5

Axion limit webpage: https://github.com/c@jghare/AxionLimits/blob/master/docs/d ~

\Q.

Logio€

preliminary <,

COBE/FARIS
polarization—dependent, 8| == wndtude  perturbative Cascade Decay
1078 1077 '

ma [eV]




Axion Haloscope in Electric Field =TS

HIRAZEATIE E’il‘l‘% EFsFHFitESQEE R

R _ 1 H o [0V (@h—wa)t g2 » axion-modified Maxwell equations: Effective charge: (suppressed as v, « 1)
- | ( I I | > I / ( j%of the locally conserved 4-current 6ujf,‘:0)
\/27 ﬁ . E — ,Oe -1- gB. : Va
a 3 A 2
= dx”’z 1 0 We — W = = OB 3. o ~da -
(ga'y'y m I | >|) ( k a) VxB—‘———-gExVa—gB—-l-;]e
@ ot ot
T P ~ 5 Axio-magnetic current:
~ 2 a o — .
R ~ a2 9avy 5 B()V E Crwi J(WA i wa) V-B=0 . ADMX-SLIC(LC), Abracadabra, DM-Radio, etc
2 mg - o 0B
g VXE= _W A
| dw(w/dw)d(w — wa) = O T T T TTTTT \
Axio-electric current j, = gE x Va I
‘¢ See 1803.07755 for a broadband attempt (UWA) : I
1 tive sources: I DM axion flow Induces a magnetic signal
AST = I inside E field: see 2012.13946 (broad-band)
a4l AMP/detector wina) rharaa 2. \ & 2204.14033 (narrow-band) /I
| | h(strain) dd o
o i ‘T\IE 0.1
RS
a,L 2
é 10’6 ;:I: X
x Ji ULT7A=EE
o M 3]
~ b = e -1
E 103';},’4‘?!’“ FToQEIS : | 0

{ Bo
071 i AN ) ISR )

106

Q“"ocs'

\ﬁ‘?
107 10 " 107 10 10 10 1072" | . N
v v Projected narrow band sensitivity: h ~10-2°
2012.13946 MaleY] p <q ) — e ) M) 16
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Long-lived dark photons at LHC

XHEFHEIRE

dark photonfJ{&E B 3E

Uy X U(Dx

hypercharge portal

dark

SUB3).xSUR2), x U(1)y X U(1)y [Feldman, ZL, Nath, hep-ph/0702123, 372 cites]
| }
727 (027 H 0 pv M12 =~ R )2 SUB). x SU2), x U(1)
L = - —B B ——X WX+ 8pX, XY x—EB,wX > (d,0+X+EB)) ¢ L Y
T T

Minimal DP model kinetic mixing mass mixing

1, 1 m; ~ GeV = dark photon

4 " 2k 4 g —6 :

e; ~ 107 = long-lived

New DP mode! SN

SU3), x SU2), X U(1)y X U(1), X U(1) -
| |
1

1
Ly =— ZCﬁy—E(0ﬂ62+mzezBﬂ+m2Cﬂ)2 e, ~ 1072 = production

m, ~TeV = 27

[Du, ZL, Tran, 1912.00422]

KEwGECFRESHNBESE

1076 0.1GeV ]’
L, = yvr ~ 100 meter
eeQr 100 GeV

Minimal DP

(1) kinetic mixing

sector

New DP model
| m¢=15GeV, 62=O.01 o

[Du, Fang, ZL, Tran, 2111.15503]
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Quark masses and low energy constants in CLQCD

M—iRIHR S

Clover fermion + Symanzik gauge actions HE%2

Renormalization and final results

Quark mass of three light flavors

MZ/mgFC (GeV)
7 1 1 1 1 1 1 1
ov, a=0.11fm
ov, a=0.08fm —%—
6.5 * * ov, a=0.07fm &
D[ \ 4 ov, a=0.06fm =>—
ey v cl, a=0.11fm
cl, a=0.08fm ¥
6t cl, a=0.05fm
0.0 ¥ X X X
v v AL D gy v -~ vV
5 v = — my(MeV)
- —e— FLAG 2021
4'5 i 1 1 1 1 1 1
- m 02 0.02 03 0.035 0.04 T F
Renormalizationcey) v AP
~ |
MS N
Of quark mass My (GeV ;- I S RM123 17
7 T T T T T
ov, a=0.11fm [
ov, a=0.08fm —F— : D FLAG 2021
m ov, a=0.07fm A [
6.5 Q ov, a=0.06fm —H— - 3
cl, a=0.11fm i —
) cl, a=0.08fm —¥— s ° cLaco3
6k cl, a=0.05fm | :
: - —— BMW 16
|
5'5 I | " = [ 1 1 1 1 1
# * 220 22 24 26 28 30 37
\ ! , Summary of the lattice methodology.—The lattice setup
S ? * é ;? é *Y k * M"*‘_ * * y used for this project is very similar to Ref. [13] and is based
1 on our set of lattice QCD simulations presented in Ref. [6].
Itis composed of 47 N, = 2 + 1 QCD ensembles with pion
45+t masses down to 120 MeV, 5 lattice spacings down to

0.005  0.01

0.015 = 002 0025 003 0035 0.04
my"5(2GeV) (GeV)

0.054 fm, and 16 different volumes up to (6 fm)>.

HENER? IEEME]......

2+1+1

Nf=

N¢,=2+1

-t = FLAG 2021
- e FLAG 2021 +
L ™~ L a —~ ™ 1
[ P = 1 ETM 214
| + -
[ ~ i HPQCD
- I!_ Fe—H FNAL/MILC/TUMQCD 18

S FNAL/MILC/TUMQCD 18
L/ /TUMQ 2 — HPOCD 144
[ ft — FTM 14
[ 5 A1 17 | FLAG 2021
- o— i CLQCD 23
[ —e— FLAG 2021
I —_—— ALPHA 19
L : B REC/UKOCD 148
[ ~ T | REBCAUKQCD 12
L < i CLQCD 23 ] —t Laiho 11
- -
- 4 — BMW 10A, 10B
i —— HPQCD 10
[ X ———— / 010
i REBCULQCD 10A
[ = i e — HPQCD 09A
- _—9——-{ MILC 09A
1 ) 1

BMWoc, PRL 117(2016)0820001

=10 115 120

Z.C. Hu, B.L. Hu, J.H. Wang, et. al., CLQCD, 2310.00814
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Booster

Positron Ring | |\ Electron Ring

e*e” Higgs (Z) factory
Ring length ~ 100 km

95% C.L. upper limit on selected Higgs Exotic Decay BR

BR (h—Exotics)

m HL-LHC

m CEPC (5.6ab™")
107 o CEPC" (5.6ab™’
102
107
10

ZFEHNIRS

CEPC Operation Plan

SR Lumi. /IP | |ntegrated Total Total no. of
Power (10**c¢cm?s?) | Lymi. /yr | Integrated L event;
(MW) (ab™,21Ps) | (ab™, 2 IPs)
50 8.3 2.2 21.6 4.3 x 10°
240
30 5 1.3 13 2.6 x 10°
50 192** 50 100 4.1 x 1012
1
? 30 115** 30 60 2.5 x 1012
50 26.7 6.9 6.9 2.1 x 108
160 30 16 4.2 4.2 1.3 x 108
6
360 50 0.8 0.2 1.0 0.6 x 10
30 0.5 0.13 0.65 0.4 x 10°
95% CL reach from SMEFT fit
1025 CS2 . i -
: ¥ Ech S: wﬁm ~ CEPC: to reveal new pl!ysms
; B ’ B 41 at energy ~10 TeV or higher

N\/ | e | [TeV])

|
Vi ”"’“M‘% o+ M%TMJ“MEFM 70) (b)) (ce) W) (i) 8 (g™ (re) W) () 77) (1) "0 O O Cw Ou G0 O, O, O, G, O, Oow O Or On Oy Ui Ou Ou O 19
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ML 5| RERE 9’-3’13&% ZRMF RIS

' K FIRiE
1st order from BSM

! )

N\ o

TS ?
SIBER T 17

A,

u.12|57] ?—E’]Em %

Bubble waII J_

RAREITE? |

energy near the wall

10% | | I I I I | | I | | 3
- . : 2
> i | See also Bian et al [2307 022;76] : Eh{ﬁa IE
‘5 L ee alSoO blan et al | . ¢ |
g VE Wu, Chen, Huang [2307.03141]3 ieﬁgijé}u
| S S T - S || aBuE
¢  New Physics :
home.mpcdf.mpg.de }  New Physics + SMBHB
- . - L I | I | | | | | |
Bubble Collisions Sound Waves Magnetohydrodynamic Turbulence L ' '1

GWHILHRY \

turbulent fluid + magnetic field

gy 14+«

f 100\ 3 [ H.\ [ ke \> |
h,ZQSw(f):Q.GSX10“’( ) (3 ) ("" “) Vus Sew ()T (Ta)

HG, Sinha, Vagie, Wh
JCAP [2007.08537]

The LISA-Taiji network

Ruan, Liu, Guo, Wu, Cai, Nature Astron [200:

Cai et al [2305.04551]

J(Hz)

NANOGrav-15ZFPTARUIE N[O fRFF?

al, H?.[ZBO?.OZ
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Cosmological implications of large galaxy surveys

Multiple cosmological probes:
CMB, SNe, GWs

13.8 « Lookback time [Gyrs]

20FENRERLE ~ ’

eBOSS + BOSS Lyman-a (2008-2019)
eBOSS + SDSS I-Il Quasars (1998-2019)

SDSS I-ll Nearby Galaxies (1998-2008)

i

T T T

Hubble tension

AR

galaxy surveys

LRG

sy[Mpc/h]

-150 <100 =50 O 50 100 150
s, [Mpc/h]

Bautista et al. (2020)
(plot by Jiamin Hou, MPE)

YN ETRE R

Break degeneracy between

LSS — Dark Energy and Modified Gravity

DR16 LRGXELG NGC, 0.6<z<1.0

50 100 150

-150 =100 -50 0
s [Mpc/h] -0.1 0.0 0.1 0.2

et al. (2020) kl [h Mpc-1]

Tamone
(plot by Jiamin Hou, MPE)

Luminous Red Galaxies (LRGS)
0.6 <z<1.0, Zerr = 0.77

Emission line Galaxies (ELGS)
0.6 <z<1.1, zerr = 0.845

I Baseline + LSS

Baseline + LSS + A

I Baseline +
I ACDM baseline + LSS

LSS + Mgy + A

@

—

0.26 0.30

”

65 70 75 0.7 0.8 0.9

A multi-tracer analysis was
performed for LRGs and
ELGs, and a RSD signal is
detected at 4 sigma in the
Cross-power spectrum;
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Non-Gaussianity in the primordial black hole formation FEAiks
PBH-IGW crosscheck

P (k)

% A
S EG/GC y—ray B Py ~ 102
= Subaru HSC | 4 Press-Schechter -0

OGLE

EROS/MACHO |

= D M Planck(disk)
~10 5 0 hgggl
log1o(MpeH/Mg) Oup\'\('\g
- | (nedl ©
0¥ L 10722 9 | oy
10 GW O g) { O ’ 1077
§ 107121

=

K

Saito & Yokoyama 0812.4339; 0912.5317
Bugaev & Klimai 0908.0664; 1012.4697

10-15] LISA (Taiji/TianQin)

2 - - - .
Sy Sy ).001 0.100 10 Escriva et al, 2211.05767
L'_'_'_‘-m“LISAmI “Eﬂ g [ 7 + (7) ] when r <1 T "
L:_:_. DECIGO | C —_ C(5)(/)() _ 2
L...1 BBO - o ™ [ (]
U0 ET - %ln |1 + 71 when r ~ 1 Ll
v {170 cE I . I
g =L e S &lnflatlom‘; i =I=I EI’JEHE.—J Hir 4
i 1 HLv (03) - Sz B2 4 — E
- i / \__I_\ j: =) & - ,77) ~ @(1)
10—18 : — IGW — SIGW-DELTA — PT-BUBBLE PT-SOUND _- V((p) 4
10—6 i ] ' i A
~-8 | | ]
10 ] p. ] 1 5
10-10 _| PR =5N=A7,q06€0+5]\7’¢¢§¢ + ...
g 10—12 ; _— JT 1 5
‘:‘2 1o-14 [ - - +N ,6n+—=N 01" + -
i ] Ultra-slow-roll inflation | 2 35
10716 - -
_ q «—> (For USR) = — —In (1+ ¢>.
10—18 . —— STABLE-N ] 3 TTx
-10 -8 = — 5 25
10 10 el n=-6 <fNL__, = )
Namjoo, Firouzjahi, Sasaki, 1210.3692
> Chen, Firouzjahi, Komatsu, Namjoo, Sasaki, 1308.5341

Cai, Chen, Namjoo, Sasaki, Wang, Wang, 1712.09998
Rinrnoatt: Erancinlint KWKahaAaine RinttA 1QN0A4 N749A14



Quantum Computing for High Energy Physics

“Itis tume to go™

r SUMMARY and OUTLOOK

Quantum computing can access to quantities in high energy physics which are
intractable with classical methods

So many things to do, ... and lots should be done to before scalable noise-resilient ones
are available.

§ ~ KS Hamiltonian
av" ‘

Discretization . —> § :_.,,é

Digitization pe) truncation, discrete subgroup, ...

Initialization U |G)L — |%o) ground/thermal/particle state prep

Propagation U [tho) — [1(t)) Trotterization, variational approach,
+ Taylor series,

Evaluation (O) Parton distribution

function, particle decay, ...
Error mitigation

_

Theory investigations, algorithmic developments, benchmark study, hardware co-design, ...

_J

30 Dec. 2023 @ B 52
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Perturbative QCD at LHC 5|E EEI’J?E*':

Summary

This year marks the discovery
of QCD for 50 years.

QCD gave rise to the pursuit of
understanding the strong force
via perturbation theory.

We have withessed remarkable
continuous progress in the past
50 years.

Indispensable
part of QCD

Stay tuned for more exciting

results from the future!
26
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48 parallel talks

Latest Dark Matter Results of the Pa. @
Z g

Dark Matter Annihilation via Breit-Wi @

DM

Sterile Neutrino Portal Dark Matter w @
Ang Liu

Probing Inelastic Dark Matter at the . @
HME P

Axion-like Particle Dark Matter and t. @
Wei Chao

Freeze-in bino dark matter in high sc A
Peiwen Wu

Probe axion-like particles at the elec A
Hongkai Liu

Heavy neutrino and lepton humber v A
Tong Li

Type |l seesaw Leptogenesis

”fﬁeutrlno

Disentangling the Neutrino Electrom A
Shao-Feng Ge

Phenomenology of Heavy Neutral Ga...
Honglei LI

Complementary LHC searches for U. @
Gang LI

Single Transverse Spin Asymmetry & @
Xin-Kai Wen

The Effective Operator Basis of the . @
& 7

Recent Dark Matter combination su. @
Ngoc Khanh Vu

Search for Higgs Boson Pairs in the @

Yanlin Liu
|
Precise meHr@fgls Z @

Danning Liu

Discriminating Higgs production me @
Prof. Bin Yan

Electroweak corrections to double . @

5

NNNLO QCD predictions for heavy . @
Yefan Wang

Soft photoQOCD with m &

Yao Ma

Detecting Quadratically Coupled Ultr @
Mr Yuanlin Gong

Non-perturbative Effect on DM Electr...
5% R

Feeble Sterile Neutrino Portal Dark M @
& Xl

Z Portal to the Dark Sector Through . @
Mr Xuhui Jiang

Broadband Search Strategies throug @
Xiaolin Ma

Dark m a from U(1) hid...
Wan-ZhBLEals

Dark matter from hot big bang black @
Ninggiang Song

Neutrino CP Measurement in the Pre @
Chui-Fan Kong

RS AR B R E kAL
Jie FENG

Probing the four-fermion operators v @
Hao-Lin Wang

EFT:tive Fi&
X

Probing levitodynamics with multi-st @
Wenyu Wang

On-Shell
Ming-Lei

FIFILHAASOM D REER SIS 1. &
FHE 15

Dynamical realization of the small fie @
Hexu Zhang

Nonanalyticity and On-Shell Factoriz @
2 F

Bootstrapping One-loop Inflation Co @
Hongyu Zhang

er do...

First-order phase transition during in...

st 5

Gravitational

=

Search for T-odd mechanisms beyo @
Boxing Gou

Optimizing Fictitious States for Bell @

Kun Cheng
Serev-like L@

Probing quirk signal at the LHC far . @
Jinmian Li

Long-lived
Yan Luo

Search for nearly-degenerate higgsi A

A A

CPV double-aligned 2HDMs at the L @
MICHIHISA TAKE...

Global Symmetries and Effective Pa @
Dr Changlong Xu

Testing Bell inequalities in W boson @
Mr Qi Bi

Alternative Froggatt-Nielsen like me...
Fei Wang
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- FEZE, PlandaX-4T, BBYIEBBEERNNE, e-DMelSasabR!

- 581%, Majoron DM and leptogensis in global U(1)_L,

- RTHR, 465|71DM, (EEXInflationgEAnEKIRE; &NIMER UA R ZF{EEEIR
Y8R, hidden UMNERIEEYF, Hidden sector® B BHERIBoltzmanni&ft,

- BEREE, PRIFREMEFOESNREFE M IIREEST
- X EhE, Spin Asymm. vs SMEFT Dipole Operators

) -

g

FTF, Levitodynamics in optical levitation experiment

- Z=MIl, OvBP EFT & UV completion . Z=&%, quirk particle @ FASER
#i\e, Basis in Higgs EFT - Kun Cheng, t-tbar )2 F2 &
=i, ‘BidJet chargeX 5 Higgsr= 441l . EEIH W-W pairdffI= F 24U 4E
BB RZBEHIRS...... RIEM, BTFARES=FIR, TNEMRETNES
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