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WE EARRBEFEEANEAED, € F €317 % (Quantum Chromodynamics, QCD) X #F # 4b I A7 Y A A DA
FIRFNBAETLHEENEN. AXAAENNE B K, § 2P X BQCDH % £ 11 4 5k BUF M 18 K 2 &,
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1 35l

6o~ H AR T ) I AR Ay DL B AT 2 (]
O AH EAE A2 = RE ) BRI 90 I 2 B H bR, H 18974F
Thomson & I FE T~ LA K, N ZETE W) 5 ) 35 A 45 K 1F 9
Ji TS 7 3R LI Rt . TR AR T201H 4260-704E
AR RE 14 FE A UE 45 Y (Standard Model)7E $ii ik 3 A
BT R 50, 59 0L K EREAR AR H 7 TEE T E KK
.

FESE I b, i 2 0 o X AL se ge e B 7 A
AT B P B R L I R AL (S [ e R SR IR A
)75 5 345 B m 0 R e, DRI 28 5 7 AR CEL 1Y)

ETEHAF, NEN FEEA SRR, BEXMTHE, EXf, 5, BTEM, M0 To 704 %

b, AT RE S IR 2R B /NI 28 ROBE 1 BB, — ANt i)
51t A& BRI R 2Y 58 -5 AT L(LHC) | 12012 42 % 30
) A5 15 kL ¥ (Higgs), B H 2 bR AR 7R 3 AR 1 BA R
M5 fE — R, B CUE, KPR RN T 5
A b T AL A T IR AN AR ) R R A3 2 SOk, K
HAAM W2, B, B 7 A& 0kl 1 LAAh, LHCE A
PR IRAT AR 8 0 A HE B B R BT b 75 LR X AT
FRAF(Te V) REFR BT ) ER 45 22t 8 I 7 25 . BVFAE R SR
1407 e RE X AL b B BT USSR, BPE b 2 AT AR K
— B[] B, AT 8 B A T 6 B AT R AT R
B 2, MR AR I8 T 5 SO0 A 2 (8] (1 20 /)N
2 ) S F BB P BRI B 20 D5 3K () Bt 5 B AT O R
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AN FRFFR AR 5 &30, FE Tk, smE.
KR, HL A LS I (BRI R R
FE) LA Kl G 1x 6 7 1) JE - O AT, 4 2 X AN A
1 REAER (1) T

S IRE A B, — 7 T 7 0 O A v LS
W LR, W E RS R AT AR RS IR iR 2 1 — 7
[ 75 0 TS Be %14 31 55 S 56 R 22 AH UG E (1) 4%
. CALHC 9, 4 Ak i 7l 5 LHC b6 4 i 72 it —
%R BN = . 5) 7724 (Quantum Chromodynamics,
QCD) Al 74t 72 BE:

o) T

o = Y [0 5 bt i i ) (1)
ij

For, o Sy S WL R B R T, £ 9 % S TR
#rFi (7] PAA2 %5 52 (Quark) B X T-(Gluon)) 3l & 47 A7
I3 53 T 93 AT B #X (Parton Distribution Function, PDF),
G MR T 25 v/ 7 # 4r F 1 ) S #K T (Partonic
Cross Section). # fERAESArId T 587, WL 5 AN
IRy 1 5 Ak A2 ) 5 22 bR £ (Fragmentation Func-
tion). 7£ L0, PDFAZI M 5 1 P 350 5 (1 JE R 4
B T 4 A A AT DA E i e AT A
F4b BRI T R AL 5 B T B b, Sy, BT
AT H PSR 2,

H A, T 52 - 5O A I H 7 B R
1 [# 52 B v+ B AN 5 SR Fll(Resummation); T #5212 A6
BRI () B 30T DA She D 3 56 K o S 00 A0 #1047 4
JR # A (Global Fio)ft 77 =Xk 315 (1. I 45k, Bl A5 #%
MQCDHR 7k M R e UL R IR MK R i 2D, J5
H M ITFiA R i A — VR JE B R E T RS A QCDH B
33,

AT IR AN T T I 4 SR R A DG 3k FE Al — A
7 0 1) Ak 4, FFAE IR A b 6k A SR R A AN VA R R
AT RE N FH EAT R EE. 07 e B 5, A SCAE 2T
AT 2 MRS R A R SR S UK, I
FE3T AN T TR ALME G N 5547
UM T e T AT S AT R SRS IR T
55| 713, B R ASUEEE X REME; SRR

f4sie.

2 EEMITESEXRMZARNIVRARE

21 BlEMTERRSRE

[ S B T 350 30 8 23 U T o 4% R 1
Ha I IFREAT BT,

A

6 =60 +a6V +70? + ... 2)

I A o B T, B TS S B 4R Y, 4
FXS T B bR ISR IR AT

2.1.1 IER

HAE20MH 20904 AR, B IR T A RE At — e
Z&(Inclusive)id #2, 40 78 FE 4k 5 ¥ 54 S (Deep Inelas-
tic Scattering, DIS)A #Z IR K F U, Drell-Yanisl &
[ 1IQCDIK X 4 3k By (Next-to-Next-to-Leading Order,
NNLO)i & . #i, LHC I-Higgs‘5Drell-Yan & £ fii
AR IR AL B (NP LO) TH A BV 58 i 141,

SR, B A5 6 J HL SR 58 K & 51N T #k W (Cuts).
W5y (Jet). 2 v 3 1 (Fiducial Cross Section)Z%: 43 #r
BCAURE A&, BP0 s R i S C 48 o VA 2 SR
B =K. BT LAZE20004F Ji5, R B v 5 00 0 v AE 9T 4 7%
B 7 4 fer 3R 15 4250 43 #% 1H (Fully-Differential Cross Sec-
tion) (1) = MM A& IE A 2. BT A5k 4y, 2 7R T B,
TR B RS B n] Wk 5 (1) e B U B =15 B &
TILVEMBE R SR, 20154015, R Em T —
RH2—-2, 2531 FEFINNLOTH 5, A HELHC b i) 5l
W i = A 560 L WYz H+ 1 jet B REBE = A2 V-1 s
ol 2 AT 20, U g e AR T3 140 Higgs ) 3% 8 T 4%
A (VBRI 20214 & 5 T R T8 & 77
A Higgs (ggH)-5Drell-Yan N3 LOM) 4= 43 1 5 1617,
g = VN o = AT o R R0 - L 1 v
7 (Scale Uncertainty)#% il fEO(5%). H i, XL 4E R
L4 K Eis H TR R ATLME R 224 B, Re g IR I Hh 4R
LIRSS R, — BT B R T AR OGS IS 5 EE R 2 R

DL b 46 B2 1) 3 S s B T AR AL B T R A 1
B B (Virtual {2 1E 552 (Real B 1E:

o R AE IE R BT B P B U5, Ab T

2) = e X AU HUR S R BT K I e AR =, SRR A Bla, B/, Rl trenormalon 54 /).
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INH1 MM

L
. = S 3
M fﬂ DD, ...Dy 3)
FILIE 27 2 F 0. FE SRR Mg E 2, Her

AIAT ). W15 3 22 [ 2% S AR i 45 2R, JF i o i
RS TIRNH T R E T I710, 2w R K
AN

KA ZFEMER, MIKEH 7 BOA 800 E E
HE R R 4 28 B 4 1 77 i (Integrate By Parts,
IBP)¥ 9% 2 B4y o fif B — A 2 B U8, oy = f
53 (Master Integrals); 94 5 Fl FH £ 19 77 2 803 3K fi#
WAy T R B TR E X e R Ry IR R, AMITKR
I, G SR me 4R 2 AT S (1 IE JUT2E " (Canonical Uniform
Transcendental Basis), Bt AJ PL K& 8] A4 1 43 5 72 )
ORI %A 191, JoAth 2 Ji e A 45 ) AR B LAAT 1) 7
VERAT 2040 PO S T T R i B AL (Residual Mass
Flow) Pkt B R 2%

o SUBIE R SLELE B THE 5 — AN A AT R ER Y.
B IE 2GR A KL 7% H (Multiplicity), 1EFE 8 50
BT AL B B SEY AR, SHE BRI
5545 3 B (LO) ) 22 R (Multi-Leg) 4 R+ 575 —. 4R1M
58Sk AN [E 2, S S IR SV s e SR 2k B
BORLF- 51 6 1) a1, DR A8 AR 23 TR R 4 B 2 tH B 4
1/ €T . X EL LT AN A A5 BB A8 IE HR (W 4040 3 K
HY, AR ENE. S8 TR X ST
T, E R R R S AT S =S i R B — A5 —
B 51, IARZS (A1 FH

Freal = f d®p ., IMI%,,, O(cuts) 4

W LA A TR, XN DA T & 620
. NNLOWJ 5E & IE fE20154F /2 47 4 JF 4 B A3 52
BT ) R, e T — ik BRI & N S B 4
E & S B (Subtraction) 8% 1] F(Slicing) 5 &, 3%
STRIPPER ?>2%1, antenna subtraction **!, N-jettiness
subtraction 71, projection 2 born 145 Jf- 2 - I, 58 fik
T Z AN LHCYJE [ (N)NNLOFf i 5.

212 RE

M Tl b R K2 e IR, Her—
AR T 5 I HUME R 2 R R 5K

55, TATEARTAT 1A 0 AL FINNLO
W, SR H T, BR TR (0 S RS LASE, R e
BNLOHFIREE, Rt 7E & AT ISR R R sk
5 A S MER 22 A M. 19 )5 IR R 22— 52 T T NNLOF
B IE A )T N BCER, ZLAMBR 1A% T P A R R4k
R A2, Bt — D AR B SR TR T 5. 5
Ab, AR NLOMFESEIL B s TH 5, 38 75 X 9 18l R 2
IEREAT RN FE, £ 2075 Pl 9 = AR 73 13 I 204k
X ERITTE.

FIAN, EHE R, BT SRR G H EEOR, ks
THE AT FUAEAE I T R MQCD i R I Z IE. {5
HfH La? ~ o, BT, A Z A EZSHFINLORK H 55 1&
1E5NNLO QCDIZIER/MHEMT. FTEL, Ju T 4338 HE
TS 458, BB IE. B 5QCDIR & 1& IEfEAE
e AN T AR TR 3 1 G e TR ORI R ) A A )
B AE ST X L(CEPC) BRI ZH ™ A, R JH ) e
LSS IE N B 4 1 B A AR R X
HUEL I 22 e b A vt Bl UE B, 2 AR SR WT 7 v P T B A
HibZ—.

AR — S PR TR e, R B R R Ao o fR R
7~(Integral Representation)5 9t & 1% #& 1 FH K 5, AT
HERE AR 22 1] B 70 e A RSB B 7, el e mT RS Rl AR 23 1)
R T ST B G B H TR A (AR gy BT iR e
J&, N f BT 1 sz B dnthrastS S0 2 FINPLOME IE 47
SR T A B, TR S LI U 5% 2R B 9 A A Bl 1K
M=

22 ERMIKRERE
BB TR R b T S 6 S & R

"™ 30/’( Z log?" v + c(”)(yf TP
3

+VY(n)(V,,Uf,,Ur,-«-)), 5)

3) BRI 480 IE M4k (Dimensional Regularization), d = 4 — 2e, 35 FH /MR R MS) 7 %, 2 BrelI 7 .

4) H o LT RS AR A e BT

5) ZFE AL A H L2822 A IfI(IRC Safe), W3, Hy, PLE (Rapidity), anti-ky, W12,
6) WIMCFM ), Matrix PR DRt — RHILHC LR NZ/ W/ H/ /22 ZyFNNLOM 5 K5+ B TR,
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X B R R T 3l 77 2% SO0 I & 1) BE A5 (Scale) HL AR,
WHiggs i 2) B-Jt & HID Wik~ 1R, H R
B IR K AR B JE Zi(Scale Hierarchy)R, v < 1,
alogv > O(1), NTREIR T [ & B v 5 00 A 250k, fi
HWEBEANEE N7 RGP E RS 6E 7,
T EAE T AR X L UL = log vV BT A M o ik
HAE

6 = ella1@lrg(el 0 L] (1 +ach +a%c? ... ) +...

(6)

et K b, R T A HR > FOB B A R LR TT
PERR, a"c™ < 1, T fo v BAT132 1 18 2 B vk 55 69 7
FARAF . IR T B 2 H R AL

2.2.1 IR

IR T T i HL A B A B SR R B LA B AR K
s 4, 201 40804 4K 43 2| i) Drell- Yan/NM i 3)) & 7
i ff)Collins-Soper-Sterman /A 2(CSS Formalism) 3%, [
T CSSR A, BUAEFAT B SR AN T5 % £ 2= A i 7y
¥ % §F (Parton Shower). 1% 4tQCD /7 i (Conventional
QCD Approach)? BUFIE L2845 24 #Ei8 (Soft Collinear
Effective Theory, SCET) 3231,

Horp oy RS 2 B Rl soR s W E SR AT
B, e X ALME R e e OB e T Rz —. #4
F 5 R A i F2 JC 9% (Process Independent) F1IQCD#A.
e 28 b 37 4% % (Independent Emission) 4 Jii® 361 i i
SRR DB AE 2 R RS, RO J L
H 2 BTS2 58 1% T R A Ak X 2 (Leading Log-
arithmic, LL)KE B %72, B LA H 87 B A 1035 7 1
# ot (nSherpa, Herwig, Pythia, Vincia)# it F#E R
A HL 2% 80 Sk HORS B2, B AE(6) 3K eds i | R AR
i Lgi (aL)FITTHRY.

SCETN &4t T — M 5 T #4E. 7 RGIEFAKEE
HFE SR AT . SCETH A 2zt i) B, Rz &
Kb B JZ 2%, 7 22 (Integrate Out)¥y Y by & 51 ik, {8
B AR, SRR Ry, R AT o AT R Ak, R LA A R

7) 3&F-Coherent Branching /7 7%.

8) X TR, JUSL 5 5 S5 AR AT G EL AR BRI 2 KA HEF (Ordered), 6; > 64y > --- >

THRRE. R WU K Zu(Beam Function)5 Wi v+ bR
i (Jet Function) 1) 57 ik 83t X 25> B8 25070 ) @ AT [
B B, SR S () B BRI U AR, AT S B B SRR
SCET# I 5 4R it B IR H LG, Tk 7
4ILHC b-Drell-Yan/Higgs X IR 41k X (N3 LL)KS £
FI/NMESHE A HE BN ete R P 2 NHH
R(Event Shape) {IN’LLFil 5 %3915 — R 5|11 5. H i
T TR 74k 2, Bt DASCETI B SR A4k T
T RGN, FEAREXAE R S I I B IE H, 7 2 Ak
R AR

222 RE

HOR AR A A A A2 R R R B
Qe R AT 4k R BONLL) 9 356 43 1 #E 5. WA
PR, T bR A R EE 7 AR S ALK B, T
S IINLLR) #8431 75 559 498 5 A T i i) . AR A AE
T, 75 KN IR R, X Feetill Kid #2, A 0 55
ENLLE H T 2 — 5, & H T PanLocal flPanGobal 1
R T R O IR, — ORI BB R S H X F— 1%
WL & BANLLKE . SR, %05 & anfaf #2580 1-%F
ML, B 75 00T = P3O0 I B IS, o el SE R
t(Color)f5 =, HB AR AR BT A B (1] 7] 8.

R 7 IRTSNLLI R SRE FE, D9 1 R id A Y AR
L 28 ¥ g 2 B (Hard Scattering) X 35k, 43+ 1% 5
75 5 [ E B v B3 4T U Ed(Matching).  H #U, Bt
H E5NNLOF S UL EC 8 5 &, 2 HA EE W
77 I#].

FESCET7 1, fiE 5 52 WL AF & 40 4h % £(IRC
Safe) Wt Il & 1 H R A E 31k, AR H T 2 EM 0
LR — B AR R T . Ek, A LR R
FH T 52 B i 55 T 2. SecDec, R B4 3K bR 2505 W57 R 4L
BITHE B3 L EAREAR T — Lt e, (HE E 3
AT — 12 () SR AN IE 2245 1Rz,

534k, FIHSCETHE 78 Wa™y L2 [ 5 A& 1E
WAE ST 2 3 T — 58 ik U2H1 AR My — O, X
18 TEHE AR, H 2 3R AURS 2 i, ) NS LL TS

Oisns s E s =, PrLi> Piiv1 > > pl.i-;-nHTJ—ESZi-

9) H AT AR 2> T AR SRR A X R IAE O 2 50 1 (Tune) AR -G 5THR, 40122 B0 9945 (Multiple Interacting Particles, MPD). A B 707K,
TXRERY AT BLA B> T AR AT AORS RS NLLAR 2. ST, 1T I S B A7 8, ARMEAG T L SR R B RS R 2.
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H, TR A TE IR /N AT BB 5 2 1R ZEAH 24, 4k P A AN ]
BRI, AR IR 7 T, RS IR R HE B m
THE LR 7 R AR e v 142430

bR T LR R 2 4, dE 4 R £ (Non-Global Log-
arithms, NGL) 1) # 3R il 146474 7 1 b 4 >fe o SR 2

[7i PR A 725 [ X S2R45 0 (Impose) A~ [7] (4 e &2 R, AT £
AR DX S TR R BERR 2 20, FF R A KO 3 3K
RS BB BT B 42 R T . dner 2R G X XA
R Rt HIE AT FESRONTIE A& AN R S 8 il . X 50 17 %
— RN, JCH W KRBT LR, BEAT RS
.

2z, FORANIRE FE AL 635 5 kg 5 S R AR
BRI R=wTzb:iH

3 HENMERFHRHTERE

PAEAY 4 7RSI TS BB RO R R B ), LR 3102
JUME TSRS 4 JE MER A 7 (K1 7.

31 EBAEHHNE

TE B A B A A0 HAE H A8 & Bl 2 AT
TRRAS BOREREIY. AR T AR T BUG N ARG 2 45 1
BaW T2z =R T2 — MR E, mEE 5
Ha,(Mz) = 0.1179(10) ¥R L BB F H 432 —10,
FO&EF T2 HESHMERREZE. B, X
TLHC b7 #% 07 7= A8 1) = 27 N——ggHIG &, 1
AR TIE MbR R 22227 TR 9RO R
FEN£3.7%; XN, 75 EHiges 5 5 LS w4
AR R R H — ceid &, & T8
T +71%H IR R 7%, &% b (Charm) )it Em, I 5 5L
PR ZE 345, BRI, 3 — P45 Do PR 2, SRS TS
SR

KT 8 B S 56 il Bl 1) — AN B IR AR, 2=
ete 8 K H B IR, dithrust, C-parameterss. 1X 28
I 7E S50 b1, B3R RS BE R = (N?LO+
N3LL). 2810, 5 EE B2, B e e, (M)

OME N /N T 23R IME, FEAR K 1E0.1120-0.11352
[] 49521 | R, AR 2 S O B LT B — N
VO, T BE [ fif W 7 S8 00 955 FE SR AN B B R B IE
JERUH RS DA S R AF T 2K

B 7 B AR AN, — SR HR T R a0
W E——fE &-RE 5 JC BX K 2(Energy-Energy Correla-
tion) B3, S 51 L T OANATHI DG, E I 2 EA
P/ I BE #% (Calorimeter) [ BE I M 23 A0 BT ER T
T, ANATTRT DAAS B H AT S 8 1E S SRR 4
R, Bt Q& 52 T T FINLOMI TS 10 B i fif bt
FINZLOMI TS AR 2 AT AT I A I B8 R B2 A 1
M Ea St 7RSI RAE. 0T /8 E-RE B AR
PR SIE A FF RGBT,

BEAR, ANATIEHRE H A58 F “Soft Drop’ P31 A [ st v
W 25 #J(Jet Substructure) R M F=a,. 1EXF ML L, Soft
Drop ] DL 280 Hb 25 B W55 33 4 38 ok B T 8Ok + B9 3T
F(Pile Up)Fl 2 H U F49] (175 G, 143 BEE AT N
B RF A QCDAE 24 (Splitting) Y T, MMy £ 436 45 47 b 41k
Wa YEIE. HAT, X-F 4 sz o7 i B R B E
AP AL, JLH R AR H s E A R A r
HINGL AR BRI, A 4T B B AL Ty 2 —.

DA b3 28 5¢ T, 1) PR AR AE 49 76 2K SR (19 %) ik
HLCEPC (&), FCC-ee (W) b —R 5t 3.

3.2 CEPCLZHRES#E@E

fEAR K Mete S ENLE, ZB (T SR &
PR, R I AR AR T R I T IR AR
EX I F T L] CEPCE, o(ete” — ZH)HIM &=
K BE T TTIR0.51%, G RERE 1E0.25% 1 157 22 Y FEl Y
1 € Higgs 5 23 (1 HIRE & 5 & 6. FCC-ee B VF
R SR B fe P 0 Bk B 1971,

HA, BAl— R4 S50 0T 5 R B, 78 R IR Ak
B HL 55-QCDIE & 18 1E(O(@P ay)) T B39, 3% 1 it
{ELFH G - A0S B 1 FL 55 11 (O @) 36 1 T O(3%0—
1%)12); H. o1 H3 55 584 5 271 SR IR 22 1] 1R 0(1.3%),
NEEE IR I ORI, AR, 5T ZHA A I S T
B AN g A2 CEPCIOII & H br, BRIERE RS Z 0t 78

10) FFCMELEEAS p A% Rl THS R E, TR a3 U850 48 Js i o A B0R 25 AR 22, S bRt e LA B S B0 % 22 K

11) O(@®)Hr.
12) B peT- L 55 H 2 4h 5 S I L.
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FINNLO(O(a*) I HL 55 1H 545 1.

ZH7# £ FINNLOHL§51& 1E K296 0(25000) 1 %% 2
P 1001 38 Jr Z AR FE B L. 2 AR i —
FE M TS RO L AT ZH PR A BT R R G
IEHUAR T S 1 fr 3t g 161621 (BB i 4415 Bl o (ZH) )
P P ERL 5518 TR I AT A5 — S R .

Ik 4, B FCEPCHR =1 i o o0 BB 5, ) A 58
FASR) AT 7 & MR, X To(ZH), UL K& HABCEPCIE
£ B2 AN ] A0, IXAE 4R 5 LA 2 il i ete 1 45
F4 BR 50K Za il ). SR U b RT DA BRLHC B 5 <358
Gy For AT R AL, B RTINS T o A ek A IR
FH 2SR A1 T Eok R Gi i 50 CEPC L FUISR 1) i, 1% 45 42
A LR, B R U SRR R R A A
T-CEPCH) B A&+ 77 Wb ).

3.3 BUEIRHIEH

Wy 2 G AN AL B I LR 2 —, X AL
YYERGEANTT I UG . 8] BROR UL, BRI S,
IR (Jet Algorithm) B EA TR AE—. HElH
FH B8y Sk S AR g 138 VA 58 & (Recursive Cluster-
ing) I 57k, W3 4 Wanti-kp 5775 1931 JT 4Rk, AT X
IR T e .45 7 (Jet Substructure) (4, 38 35 X0 5
AR AL 1) PR 38 45 ) Sk B B 045 IR, Wy S 45 4
O & NI SRR AERL L, R B ) E#E 15 11 T
H. B A A L 25 0 R LHC S X AL = 4 #E
R, 0 Wty M 25 # soft dropil Bar, 8 FH TH1Z T8 M5t
W T B Emye (09 I FH 2 W5 I E Higes 5
R 513 )1 (Yukawa) i 7 06145 a1k 52 5 ir 32
{185 93 (¥ 23 F 4E (Chiral-Odd) M J5 16713l M5 3 H i K i
BT 2 517 E eSS A 81 Bt Fe s AR LA H 1 HEREE
ERAT N BT,

B ARWEELE X AL b 1R AE =, R
T EA G, BT WEHE 2 R F (Multiplicity) J& £,
A 1 ] B v SR IR I, gl A 2 A R 2 A1 R D v
Pl T B, [ B Ak B v [ SEAE DE £ A0 A AR ) L B
A LUK BT SCETHI B R A FBUORFE R Z R FARA, H
5% 135 V) SR A I SR T &5 A B AR (/S SCET
IR TV ) 55 7 R # (Jet Function) i 1150 R S 819,

Fox FEINGLI ™ A, FHAFHET RGTH R A, drttr
WL, WA RIS, 5 U i T 5 4 K A 1
THE BRI EE— P R R, DL B AR (R SCETHI A
TAC S TR S5 A I SEBL, BRI A2 B R TR
B 7.

34 S5EREAYBERXREX

H A0, BT 7-E LI E BicC (F ).
EIC (EE) I ERIStHE, mie B R IF i E S
Z AR AT, 7520204 1 35 [E Snowmass_F, #ft Hi L
T KEXRTLHCY =g B2z @ it e, wi i
TELHC | & J8 B 8 A s R AT, A 72 B 1 P9 22
R AL 2 A 2%

EicC5EICHI R H b A K 20 h H B 7 4 35
ZHERMB U0 e R R RE R, T DL 3 AR
R TR F 18 ) AR AL A 5 FR(Asymmetry )25 1 & ) 5256
W2 AT ROR R N, 1o REAZ P EEA S A RS i T
T A S RN E AN SR, 25 58 2 TR 0 SO0 R A H
i, P DA B RS B T 5 S AR AN T s ).

E 1% LAY CATE HL T 5 488 ) B AL PO 5 p(S L)% Ji
H,ep(S1) — e +jet + X, MR BRI 1 P 2L 4544
S TN R TS R FE O IR TSk B 1R 22 K4
TEO(25%) 108, RAEAR T AL 48 )2 HL24DIS™ (SIDIS) )
IR A3k 6 BOKE B2, B 328 TG 25 39 /2 BicC, EICHI ¥ 1
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A SCHAT T R E. BT AT, B T — A AL
RIFN 8, QCDJ) & = Ae W HLATE 70 2> 4k 2R 4k A= WL AN
AR

B THEL SR ER T ARBRERENE LFHF.

1 van Neerven W L, Zijlstra E B. Order af contributions to the deep inelastic Wilson coefficient. Phys Lett B, 1991, 272: 127-133
2 Hamberg R, van Neerven W L, Matsuura T. A complete calculation of the order af correction to the Drell-Yan K-factor. Nucl Phys B, 1991,

359: 343-405 [erratum: Nucl Phys B, 2002, 644: 403-404]

17) 4IIBM#JIBMQ Manhattan quantum computerfg 25 5% B Fil = $2 fl654™ &7 Lud; ki 72:8 7 LRt L4,
18) FL&-O(100) Mk 7 i1 LU, ot & o 8 i =7 L. W BRAEAR I 00 AE T ) B G I 6 1 LU R R AT B .

270003-11


https://doi.org/10.1016/0370-2693(91)91024-P
https://doi.org/10.1016/0550-3213(91)90064-5

RIGERESE, R ERRE: WY it RO 20224 M52 BT

~N O W

13

14
15

16

18
19
20
21
22
23
24
25
26
27
28
29
30

31
32
33

34
35
36
37

38
39
40

Mistlberger B. Higgs boson production at hadron colliders at N°LO in QCD. J High Energy Phys, 2018, 2018: 28

Duhr C, Dulat F, Mistlberger B. Drell-Yan cross section to third order in the strong coupling constant. Phys Rev Lett, 2020, 125: 172001

Gao J, Li C S, Zhu H X. Top-quark decay at next-to-next-to-leading order in QCD. Phys Rev Lett, 2013, 110: 042001

Brucherseifer M, Caola F, Melnikov K. O (a?) corrections to fully-differential top quark decays. J High Energy Phys, 2013, 2013: 59
Boughezal R, Focke C, Liu X, et al. W-Boson production in association with a jet at next-to-next-to-leading order in perturbative QCD. Phys
Rev Lett, 2015, 115: 062002

Boughezal R, Caola F, Melnikov K, et al. Higgs Boson production in association with a jet at next-to-next-to-leading order. Phys Rev Lett, 2015,
115: 082003

Boughezal R, Focke C, Giele W, et al. Higgs boson production in association with a jet using jettiness subtraction. Phys Lett B, 2015, 748: 5-8
Gehrmann-De Ridder A, Gehrmann T, Glover E W N, et al. Precise QCD predictions for the production of a Z Boson in association with a
hadronic jet. Phys Rev Lett, 2016, 117: 022001

Boughezal R, Campbell J, Ellis R K, et al. Z-Boson production in association with a jet at next-to-next-to-leading order in perturbative QCD.
Phys Rev Lett, 2016, 116: 152001

Czakon M, Fiedler P, Heymes D, et al. NNLO QCD predictions for fully-differential top-quark pair production at the Tevatron. J High Energy
Phys, 2016, 2016: 34

Currie J, Glover E W N, Pires J. Next-to-next-to leading order QCD predictions for single jet inclusive production at the LHC. Phys Rev Lett,
2017, 118: 072002

Czakon M, van Hameren A, Mitov A, et al. Single-jet inclusive rates with exact color at O (a}). J High Energy Phys, 2019, 2019: 262

Cacciari M, Dreyer F A, Karlberg A, et al. Fully differential vector-boson-fusion higgs production at next-to-next-to-leading order. Phys Rev
Lett, 2018, 115: 082002 [erratum: Phys Rev Lett, 2018, 120: 139901]

Chen X, Gehrmann T, Glover E W N, et al. Fully differential Higgs Boson production to third order in QCD. Phys Rev Lett, 2021, 127: 072002
Chen X, Gehrmann T, Glover N, et al. Dilepton rapidity distribution in Drell-Yan production to third order in QCD. Phys Rev Lett, 2022, 128:
052001

Tkachov F V. A theorem on analytical calculability of 4-loop renormalization group functions. Phys Lett B, 1981, 100: 65-68

Henn J M. Multiloop integrals in dimensional regularization made simple. Phys Rev Lett, 2013, 110: 251601

Larsen K J, Zhang Y. Integration-by-parts reductions from unitarity cuts and algebraic geometry. Phys Rev D, 2016, 93: 041701

Liu X, MaY Q, Wang C Y. A systematic and efficient method to compute multi-loop master integrals. Phys Lett B, 2018, 779: 353-357
Czakon M. A novel subtraction scheme for double-real radiation at NNLO. Phys Lett B, 2010, 693: 259-268

Czakon M, Heymes D. Four-dimensional formulation of the sector-improved residue subtraction scheme. Nucl Phys B, 2015, 890: 152-227
Gehrmann-DeRidder A, Gehrmann T, Glover E W N. Antenna subtraction at NNLO. J High Energy Phys, 2005, 2005: 56

Boughezal R, Campbell J M, Ellis R K, et al. Color-singlet production at NNLO in MCFM. Eur Phys J C, 2017, 77: 7

Grazzini M, Kallweit S, Wiesemann M. Fully differential NNLO computations with MATRIX. Eur Phys J C, 2018, 78: 537

Chen W. Reduction of Feynman integrals in the parametric representation. J High Energy Phys, 2020, 2020: 115

Chen W. Reduction of Feynman integrals in the parametric representation II: Reduction of tensor integrals. Eur Phys J C, 2021, 81: 244

Chen W. Reduction of Feynman integrals in the parametric representation III: Integrals with cuts. Eur Phys J C, 2020, 80: 1173

Collins J C, Soper D E, Sterman G. Transverse momentum distribution in Drell-Yan pair and W and Z boson production. Nucl Phys B, 1985,
250: 199-224

Catani S, Webber B R, Marchesini G. QCD coherent branching and semi-inclusive processes at large y. Nucl Phys B, 1991, 349: 635-654
Bauer C W, Fleming S, Luke M. Summing Sudakov logarithms in B— X, in effective field theory. Phys Rev D, 2000, 63: 014006

Bauer C W, Fleming S, Pirjol D, et al. An effective field theory for collinear and soft gluons: Heavy to light decays. Phys Rev D, 2001, 63:
114020

Bauer C W, Stewart I W. Invariant operators in collinear effective theory. Phys Lett B, 2001, 516: 134-142

Bauer C W, Pirjol D, Stewart I W. Soft-collinear factorization in effective field theory. Phys Rev D, 2002, 65: 054022

Ellis R K, Stirling W J, Webber B R. Camb Monogr Part Phys Nucl Phys Cosmol, 1996, 8: 1

Billis G, Dehnadi B, Ebert M A, et al. Higgs pr spectrum and total cross section with fiducial cuts at third resummed and fixed order in QCD.
Phys Rev Lett, 2021, 127: 072001

Becher T, Schwartz M D. A precise determination of @, from LEP thrust data using effective field theory. J High Energy Phys, 2008, 2008: 34
Hoang A H, Kolodrubetz D W, Mateu V, et al. C-parameter distribution at N*LL’ including power corrections. Phys Rev D, 2015, 91: 094017
Dasgupta M, Dreyer F A, Hamilton K, et al. Parton showers beyond leading logarithmic accuracy. Phys Rev Lett, 2020, 125: 052002

270003-12


https://doi.org/10.1007/JHEP05(2018)028
https://doi.org/10.1103/PhysRevLett.125.172001
https://doi.org/10.1103/PhysRevLett.110.042001
https://doi.org/10.1007/JHEP04(2013)059
https://doi.org/10.1103/PhysRevLett.115.062002
https://doi.org/10.1103/PhysRevLett.115.062002
https://doi.org/10.1103/PhysRevLett.115.082003
https://doi.org/10.1016/j.physletb.2015.06.055
https://doi.org/10.1103/PhysRevLett.117.022001
https://doi.org/10.1103/PhysRevLett.116.152001
https://doi.org/10.1007/JHEP05(2016)034
https://doi.org/10.1007/JHEP05(2016)034
https://doi.org/10.1103/PhysRevLett.118.072002
https://doi.org/10.1007/JHEP10(2019)262
https://doi.org/10.1103/PhysRevLett.115.082002
https://doi.org/10.1103/PhysRevLett.115.082002
https://doi.org/10.1103/PhysRevLett.127.072002
https://doi.org/10.1103/PhysRevLett.128.052001
https://doi.org/10.1016/0370-2693(81)90288-4
https://doi.org/10.1103/PhysRevLett.110.251601
https://doi.org/10.1103/PhysRevD.93.041701
https://doi.org/10.1016/j.physletb.2018.02.026
https://doi.org/10.1016/j.physletb.2010.08.036
https://doi.org/10.1016/j.nuclphysb.2014.11.006
https://doi.org/10.1088/1126-6708/2005/09/056
https://doi.org/10.1140/epjc/s10052-016-4558-y
https://doi.org/10.1140/epjc/s10052-018-5771-7
https://doi.org/10.1007/JHEP02(2020)115
https://doi.org/10.1140/epjc/s10052-021-09036-5
https://doi.org/10.1140/epjc/s10052-020-08757-3
https://doi.org/10.1016/0550-3213(85)90479-1
https://doi.org/10.1016/0550-3213(91)90390-J
https://doi.org/10.1103/PhysRevD.63.014006
https://doi.org/10.1103/PhysRevD.63.114020
https://doi.org/10.1016/S0370-2693(01)00902-9
https://doi.org/10.1103/PhysRevD.65.054022
https://doi.org/10.1103/PhysRevLett.127.072001
https://doi.org/10.1088/1126-6708/2008/07/034
https://doi.org/10.1103/PhysRevD.91.094017
https://doi.org/10.1103/PhysRevLett.125.052002

RIGERESE, R ERRE: WY it RO 20224 M52 BT

41
42
43
44

45
46
47
48
49

50

51
52
53

54

55
56
57
58
59
60
61
62
63
64

65

66
67
68
69
70

71

72

73

74

75

76

71
78

Bell G, Dehnadi B, Mohrmann T, et al. Automated calculation of N-jet soft functions. arXiv: 1808.07427

Moult I, Rothen L, Stewart I W, et al. Subleading power corrections for N-jettiness subtractions. Phys Rev D, 2017, 95: 074023

Boughezal R, Liu X, Petriello F. Power corrections in the N-jettiness subtraction scheme. J High Energy Phys, 2017, 2017: 160

Beneke M, Broggio A, Garny M, et al. Leading-logarithmic threshold resummation of the Drell-Yan process at next-to-leading power. J High
Energy Phys, 2019, 2019: 43

Liu Z L, Neubert M. Two-loop radiative jet function for exclusive B-meson and Higgs decays. J High Energy Phys, 2020, 2020: 60

Dasgupta M, Salam G P. Resummation of non-global QCD observables. Phys Lett B, 2001, 512: 323-330

Becher T, Neubert M, Rothen L, et al. Effective field theory for jet processes. Phys Rev Lett, 2016, 116: 192001

Aoki Y, Blum T, Colangelo G, et al. Flag Rev, arXiv: 2111.09849

Abbate R, Fickinger M, Hoang A H, et al. Thrust at N3LL with power corrections and a precision global fit for a(Z). Phys Rev D, 2011, 83:
074021

Gehrmann T, Luisoni G, Monni P F. Power corrections in the dispersive model for a determination of the strong coupling constant from the
thrust distribution. Eur Phys J C, 2013, 73: 2265

Hoang A H, Kolodrubetz D W, Mateu V, et al. Precise determination of @ from the C-parameter distribution. Phys Rev D, 2015, 91: 094018
Zyla P A, Barnett R M, Beringer J, et al. Review of particle physics. Prog Theor Exp Phys, 2020, 2020: 083C01

Basham C L, Brown L S, Ellis S D, et al. Energy correlations in electron-positron annihilation: Testing quantum chromodynamics. Phys Rev
Lett, 1978, 41: 1585-1588

Dixon L J, Luo M X, Shtabovenko V, et al. Analytical computation of energy-energy correlation at next-to-leading order in QCD. Phys Rev
Lett, 2018, 120: 102001

Larkoski A J, Marzani S, Soyez G, et al. Soft drop. J High Energy Phys, 2014, 2014: 146

Ahmad M, Alves D, An H, et al. CEPC-SPPC Preliminary Conceptual Design Report Volume I - Physics & Detector. IHEP-CEPC-DR-2015-01
d’Enterria D. Physics case of FCC-ee. Frascati Phys Ser, 2016, 61: 17. arXiv: 1601.06640

Gong Y, Li Z, Xu X, et al. Mixed QCD-electroweak corrections for Higgs boson production at e*e~ colliders. Phys Rev D, 2017, 95: 093003
Sun Q F, Feng F, Jia Y, et al. Mixed electroweak-QCD corrections to e*e~ —HZ at Higgs factories. Phys Rev D, 2017, 96: 051301

Li Z, Wang Y, Wu Q. Categorization of two-loop Feynman diagrams in the O(a?) correction to e*e~—ZH. Chin Phys C, 2021, 45: 053102
Bothmann E, Napoletano D. Automated evaluation of electroweak Sudakov logarithms in SHERPA. Eur Phys J C, 2020, 80: 1024

Liu X, Ma Y Q. Multiloop corrections for collider processes using auxiliary mass flow. Phys Rev D, 2022, 105: L051503

Cacciari M, Salam G P, Soyez G. The anti-k; jet clustering algorithm. J High Energy Phys, 2008, 2008: 63

Larkoski A J, Moult I, Nachman B. Jet substructure at the Large Hadron Collider: A review of recent advances in theory and machine learning.
Phys Rep, 2020, 841: 1-63

Sirunyan A M, Tumasyan A, Adam W, et al. Measurement of the jet mass distribution and top quark mass in hadronic decays of boosted top
quarks in pp collisions at s=13 TeV. Phys Rev Lett, 2020, 124: 202001

Brivio I, Goertz F, Isidori G. Probing the charm quark yukawa coupling in Higgs+Charm production. Phys Rev Lett, 2015, 115: 211801

Liu X, Xing H. The time-reversal odd side of a jet. Fundam Res, 2022, doi: 10.1016/j.fmre.2021.11.039

Kang Z B, Liu X, Mantry S, et al. Jet charge: A flavor prism for spin asymmetries at the electron-ion collider. Phys Rev Lett, 2020, 125: 242003
Liu HY, Liu X, Moch S O. Anti-k7 jet function at next-to-next-to-leading order. Phys Rev D, 2021, 104: 014016

Abdul K R, Accardi A, Adam J, et al. Science requirements and detector concepts for the electron-ion collider: EIC yellow report. arXiv:
2103.05419

Liu X, Ringer F, Vogelsang W, et al. Lepton-jet correlations in deep inelastic scattering at the electron-ion collider. Phys Rev Lett, 2019, 122:
192003

LiuHY,MaY Q, Chao K T. Improvement for color glass condensate factorization: Single hadron production in pA collisions at next-to-leading
order. Phys Rev D, 2019, 100: 071503

Liu HY, Kang Z B, Liu X. Threshold resummation for hadron production in the small-X region. Phys Rev D, 2020, 102: 051502

Barone V, Drago A, Ratcliffe P G. Transverse polarisation of quarks in hadrons. Phys Rep, 2002, 359: 1-168

Collins J. Foundations of perturbative QCD. Camb Monogr Part Phys Nucl Phys Cosmol, 2011, 32: 1-624

Dokshitzer Y L. Calculation of the structure functions for deep inelastic scattering and e¢*e~ annihilation by perturbation theory in quantum
chromodynamics. Sov Phys JETP, 1977, 46: 641-653

Gribov V N, Lipatov L N. Deep inelastic e p scattering in perturbation theory. Sov J Nucl Phys, 1972, 15: 438-450

Altarelli G, Parisi G. Asymptotic freedom in parton language. Nucl Phys B, 1977, 126: 298-318

270003-13


https://arxiv.org/abs/1808.07427
https://doi.org/10.1103/PhysRevD.95.074023
https://doi.org/10.1007/JHEP03(2017)160
https://doi.org/10.1007/JHEP03(2019)043
https://doi.org/10.1007/JHEP03(2019)043
https://doi.org/10.1007/JHEP06(2020)060
https://doi.org/10.1016/S0370-2693(01)00725-0
https://doi.org/10.1103/PhysRevLett.116.192001
https://arxiv.org/abs/2111.09849
https://doi.org/10.1103/PhysRevD.83.074021
https://doi.org/10.1140/epjc/s10052-012-2265-x
https://doi.org/10.1103/PhysRevD.91.094018
https://doi.org/10.1093/ptep/ptaa104
https://doi.org/10.1103/PhysRevLett.41.1585
https://doi.org/10.1103/PhysRevLett.41.1585
https://doi.org/10.1103/PhysRevLett.120.102001
https://doi.org/10.1103/PhysRevLett.120.102001
https://doi.org/10.1007/JHEP05(2014)146
https://arxiv.org/abs/1601.06640
https://doi.org/10.1103/PhysRevD.95.093003
https://doi.org/10.1103/PhysRevD.96.051301
https://doi.org/10.1088/1674-1137/abe84d
https://doi.org/10.1140/epjc/s10052-020-08596-2
https://doi.org/10.1103/PhysRevD.105.L051503
https://doi.org/10.1088/1126-6708/2008/04/063
https://doi.org/10.1016/j.physrep.2019.11.001
https://doi.org/10.1103/PhysRevLett.124.202001
https://doi.org/10.1103/PhysRevLett.115.211801
https://doi.org/10.1016/j.fmre.2021.11.039
https://doi.org/10.1103/PhysRevLett.125.242003
https://doi.org/10.1103/PhysRevD.104.014016
https://arxiv.org/abs/2103.05419
https://doi.org/10.1103/PhysRevLett.122.192003
https://doi.org/10.1103/PhysRevD.100.071503
https://doi.org/10.1103/PhysRevD.102.051502
https://doi.org/10.1016/S0370-1573(01)00051-5
https://doi.org/10.1016/0550-3213(77)90384-4

RIGERESE, R ERRE: WY it RO 20224 M52 BT

79

80

81

82

83

84
85

86

87

88

89

90

91
92

93

94

95

96

97

98

99

100

101

102
103

104
105

106

107

108

109

Hou T J, Gao J, Hobbs T J, et al. New CTEQ global analysis of quantum chromodynamics with high-precision data from the LHC. Phys Rev D,
2021, 103: 014013

Harland-Lang L A, Martin A D, Motylinski P, et al. Parton distributions in the LHC era: MMHT 2014 PDFs. Eur Phys J C, 2015, 75: 204

Ball R D, Bertone V, Carrazza S, et al. Parton distributions from high-precision collider data. Eur Phys J C, 2017, 77: 663

Sato N, Andres C, Ethier J J, et al. Strange quark suppression from a simultaneous Monte Carlo analysis of parton distributions and fragmentation
functions. Phys Rev D, 2020, 101: 074020

Constantinou M, Courtoy A, Ebert M A, et al. Parton distributions and lattice-QCD calculations: Toward 3D structure. Prog Particle Nucl Phys,
2021, 121: 103908

Abdolmaleki H, Bertone V, Britzger D, et al. Impact of low-X resummation on QCD analysis of HERA data. Eur Phys J C, 2018, 78: 621

Ball R D, Bertone V, Bonvini M, et al. Parton distributions with small-X resummation: Evidence for BFKL dynamics in HERA data. Eur Phys
JC,2018,78: 321

de Florian D, Sassot R, Stratmann M, et al. Evidence for polarization of gluons in the proton. Phys Rev Lett, 2014, 113: 012001

Nocera E R. A first unbiased global determination of polarized PDFs and their uncertainties. Nucl Phys B, 2014, 887: 276-308

Ethier J J, Sato N, Melnitchouk W. First simultaneous extraction of spin-dependent parton distributions and fragmentation functions from a
global QCD analysis. Phys Rev Lett, 2017, 119: 132001

Salajegheh M, Nejad S M M, Khanpour H, et al. Analytical approaches to the determination of spin-dependent parton distribution functions at
NNLO approximation. Phys Rev C, 2018, 97: 055201

Taghavi-Shahri F, Khanpour H, Atashbar Tehrani S, et al. Next-to-next-to-leading order QCD analysis of spin-dependent parton distribution
functions and their uncertainties: Jacobi polynomials approach. Phys Rev D, 2016, 93: 114024

Anselmino M, Boglione M, D’Alesio U, et al. Transversity and collins functions from SIDIS and e*e™ data. Phys Rev D, 2007, 75: 054032
Rogers T C, Mulders P J. No generalized transverse momentum dependent factorization in the hadroproduction of high transverse momentum
hadrons. Phys Rev D, 2010, 81: 094006

Radici M, Bacchetta A. First extraction of transversity from a global analysis of electron-proton and proton-proton data. Phys Rev Lett, 2018,
120: 192001

Lin H W, Melnitchouk W, Prokudin A, et al. First Monte Carlo global analysis of nucleon transversity with lattice QCD constraints. Phys Rev
Lett, 2018, 120: 152502

Kronfeld A S, Photiadis D M. Phenomenology on the lattice: Composite operators in lattice gauge theory. Phys Rev D, 1985, 31: 2939-2951
Martinelli G, Sachrajda C T. A lattice calculation of the second moment of the pion’s distribution amplitude. Phys Lett B, 1987, 190: 151-156
Cichy K, Constantinou M. A guide to light-cone PDFs from lattice QCD: An overview of approaches, techniques, and results. Adv High Energy
Phys, 2019, 2019: 1-68

JiX,Liu Y, Liu Y S, et al. Large-momentum effective theory. Rev Mod Phys, 2021, 93: 035005

Green J R, Engelhardt M, Krieg S, et al. Nucleon structure from lattice QCD using a nearly physical pion mass. Phys Lett B, 2014, 734: 290-295
Alexandrou C, Constantinou M, Hadjiyiannakou K, et al. Nucleon spin and momentum decomposition using lattice QCD simulations. Phys Rev
Lett, 2017, 119: 142002

Bali G S, Collins S, Gl4Ble B, et al. The moment (x),_4 of the nucleon from N;=2 lattice QCD down to nearly physical quark masses. Phys Rev
D, 2014, 90: 074510

Dolgov D. Moments of nucleon light cone quark distributions calculated in full lattice QCD. Phys Rev D, 2002, 66: 034506

Deka M, Streuer T, Doi T, et al. Moments of nucleon’s parton distribution for the sea and valence quarks from lattice QCD. Phys Rev D, 2009,
79: 094502

Gong M, Yang Y B, Liang J, et al. Strange and charm quark spins from the anomalous Ward identity. Phys Rev D, 2017, 95: 114509

Chang C C, Nicholson A N, Rinaldi E, et al. A per-cent-level determination of the nucleon axial coupling from quantum chromodynamics.
Nature, 2018, 558: 91-94

Alexandrou C, Bacchio S, Constantinou M, et al. Nucleon axial, tensor, and scalar charges and o-terms in lattice QCD. Phys Rev D, 2020, 102:
054517

Aoki Y, Blum T, Lin H W, et al. Nucleon isovector structure functions in (2+1)-flavor QCD with domain wall fermions. Phys Rev D, 2010, 82:
014501

Abdel-Rehim A, Alexandrou C, Constantinou M, et al. Nucleon and pion structure with lattice QCD simulations at physical value of the pion
mass. Phys Rev D, 2015, 92: 114513

Liu K F, Dong S J. Origin of difference between u~ and d~ partons in the nucleon. Phys Rev Lett, 1994, 72: 1790-1793

270003-14


https://doi.org/10.1103/PhysRevD.103.014013
https://doi.org/10.1140/epjc/s10052-015-3397-6
https://doi.org/10.1140/epjc/s10052-017-5199-5
https://doi.org/10.1103/PhysRevD.101.074020
https://doi.org/10.1016/j.ppnp.2021.103908
https://doi.org/10.1140/epjc/s10052-018-6090-8
https://doi.org/10.1140/epjc/s10052-018-5774-4
https://doi.org/10.1140/epjc/s10052-018-5774-4
https://doi.org/10.1103/PhysRevLett.113.012001
https://doi.org/10.1016/j.nuclphysb.2014.08.008
https://doi.org/10.1103/PhysRevLett.119.132001
https://doi.org/10.1103/PhysRevC.97.055201
https://doi.org/10.1103/PhysRevD.93.114024
https://doi.org/10.1103/PhysRevD.75.054032
https://doi.org/10.1103/PhysRevD.81.094006
https://doi.org/10.1103/PhysRevLett.120.192001
https://doi.org/10.1103/PhysRevLett.120.152502
https://doi.org/10.1103/PhysRevLett.120.152502
https://doi.org/10.1103/PhysRevD.31.2939
https://doi.org/10.1016/0370-2693(87)90858-6
https://doi.org/10.1155/2019/3036904
https://doi.org/10.1155/2019/3036904
https://doi.org/10.1103/RevModPhys.93.035005
https://doi.org/10.1016/j.physletb.2014.05.075
https://doi.org/10.1103/PhysRevLett.119.142002
https://doi.org/10.1103/PhysRevLett.119.142002
https://doi.org/10.1103/PhysRevD.90.074510
https://doi.org/10.1103/PhysRevD.90.074510
https://doi.org/10.1103/PhysRevD.66.034506
https://doi.org/10.1103/PhysRevD.79.094502
https://doi.org/10.1103/PhysRevD.95.114509
https://doi.org/10.1038/s41586-018-0161-8
https://doi.org/10.1103/PhysRevD.102.054517
https://doi.org/10.1103/PhysRevD.82.014501
https://doi.org/10.1103/PhysRevD.92.114513
https://doi.org/10.1103/PhysRevLett.72.1790

RIGERESE, R ERRE: WY it RO 20224 M52 BT

110

111
112
113

114

115
116
117
118
119
120

121

122

123
124
125
126
127
128
129

131

132
133

134
135

137

138
139
140
141

142
143

144
145

Aglietti U, Ciuchini M, Corb6 G, et al. Model independent determination of the light-cone wave functions for exclusive processes. Phys Lett B,
1998, 441: 371-375. arXiv: hep-ph/9806277 hep-ph

Martinelli G. Hadronic weak interactions of light quarks. Nucl Phys B-Proc Supplements, 1999, 73: 58-71. arXiv: hep-lat/9810013 hep-lat
Dawson C, Martinelli G, Rossi G C, et al. New lattice approaches to the rule. Nucl Phys B, 1998, 514: 313-335. arXiv: hep-1at/9707009 hep-lat
Capitani S, Gockeler M, Horsley R, et al. Towards a non-perturbative calculation of DIS Wilson coefficients. Nucl Phys B-Proc Suppl, 1999,
73: 288-290. arXiv: hep-1at/9809171

Chambers A J, Horsley R, Nakamura Y, et al. Nucleon structure functions from operator product expansion on the lattice. Phys Rev Lett, 2017,
118: 242001

Hannaford-Gunn A, Horsley R, Nakamura Y, et al. Scaling and higher twist in the nucleon Compton amplitude. arXiv: 2001.05090

Horsley R, et al. (QCDSF-UKQCD-CSSM collaboration). Structure functions from the Compton amplitude. arXiv: 2001.05366

Braun V M, Miiller D. Exclusive processes in position space and the pion distribution amplitude. Eur Phys J C, 2008, 55: 349-361

Ma'Y Q, QiuJ W. Exploring partonic structure of hadrons using ab initio lattice QCD calculations. Phys Rev Lett, 2018, 120: 022003

Bali G S, Braun V M, Glifle B, et al. Pion distribution amplitude from Euclidean correlation functions. Eur Phys J C, 2018, 78: 217

Bali G S, Braun V M, Glifle B, et al. Pion distribution amplitude from Euclidean correlation functions: Exploring universality and higher-twist
effects. Phys Rev D, 2018, 98: 094507

Sufian R S, Karpie J, Egerer C, et al. Pion valence quark distribution from matrix element calculated in lattice QCD. Phys Rev D, 2019, 99:
074507

Sufian R S, Egerer C, Karpie J, et al. Pion valence quark distribution from current-current correlation in lattice QCD. Phys Rev D, 2020, 102:
054508

Detmold W, Lin C J D. Deep-inelastic scattering and the operator product expansion in lattice QCD. Phys Rev D, 2006, 73: 014501

Ji X. Parton physics on a Euclidean lattice. Phys Rev Lett, 2013, 110: 262002

Ji X, Zhang J H, Zhao Y. Physics of the Gluon-Helicity contribution to proton spin. Phys Rev Lett, 2013, 111: 112002

Ji X D. Parton physics from large-momentum effective field theory. Sci China-Phys Mech Astron, 2014, 57: 1407-1412

Xiong X, Ji X, Zhang J H, et al. One-loop matching for parton distributions: Nonsinglet case. Phys Rev D, 2014, 90: 014051

Izubuchi T, Ji X, Jin L, et al. Factorization theorem relating Euclidean and light-cone parton distributions. Phys Rev D, 2018, 98: 056004

Ji X, Liu Y, Schifer A, et al. A hybrid renormalization scheme for quasi light-front correlations in large-momentum effective theory. Nucl Phys
B, 2021, 964: 115311

Chen L B, Wang W, Zhu R. Next-to-next-to-leading order calculation of quasiparton distribution functions. Phys Rev Lett, 2021, 126: 072002
LiZ Y, MaY Q, QiuJ W. Extraction of next-to-next-to-leading-order parton distribution functions from lattice QCD calculations. Phys Rev
Lett, 2021, 126: 072001

Liu Y S, ChenJ W, Jin L, et al. Nucleon transversity distribution at the physical pion mass from lattice QCD. arXiv: 1810.05043

Radyushkin A V. Quasi-parton distribution functions, momentum distributions, and pseudo-parton distribution functions. Phys Rev D, 2017, 96:
034025

Lin H W, Zhang R. Lattice finite-volume dependence of the nucleon parton distributions. Phys Rev D, 2019, 100: 074502

Alexandrou C, Cichy K, Constantinou M, et al. Lattice continuum-limit study of nucleon parton quasidistribution functions. Phys Rev D, 2021,
103: 094512. arXiv: 2011.00964 hep-lat

Lin HW, Chen J W, Zhang R. Lattice nucleon isovector unpolarized parton distribution in the physical-continuum limit. arXiv: 2011.14971
Karpie J, Orginos K, Radyushkin A, et al. The continuum and leading twist limits of parton distribution functions in lattice QCD. J High Energy
Phys, 2021, 2021: 24

Huo Y K. Self-renormalization of quasi-light-front correlators on the lattice. Nucl Phys B, 2021, 969: 115443

Braun V M, Vladimirov A, Zhang J H. Power corrections and renormalons in parton quasidistributions. Phys Rev D, 2019, 99: 014013

Musch B U, Higler P, Engelhardt M, et al. Sivers and Boer-Mulders observables from lattice QCD. Phys Rev D, 2012, 85: 094510

Ji X, Sun P, Xiong X, et al. Soft factor subtraction and transverse momentum dependent parton distributions on the lattice. Phys Rev D, 2015,
91: 074009

Ji X, Jin L C, Yuan F, et al. Transverse momentum dependent parton quasidistributions. Phys Rev D, 2019, 99: 114006

Ebert M A, Stewart I W, Zhao Y. Towards quasi-transverse momentum dependent PDFs computable on the lattice. J High Energy Phys, 2019,
2019(9): 37

Ji X, Liu Y, Liu Y S. TMD soft function from large-momentum effective theory. Nucl Phys B, 2020, 955: 115054

Ji X, Liu Y, Liu Y S. Transverse-momentum-dependent parton distribution functions from large-momentum effective theory. Phys Lett B, 2020,

270003-15


https://doi.org/10.1016/S0370-2693(98)01138-1
https://arxiv.org/abs/hep-ph/9806277 hep-ph
https://doi.org/10.1016/S0920-5632(99)85007-5
https://arxiv.org/abs/hep-lat/9810013 hep-lat
https://doi.org/10.1016/S0550-3213(97)00756-6
https://arxiv.org/abs/hep-lat/9707009 hep-lat
https://doi.org/10.1016/S0920-5632(99)85050-6
https://arxiv.org/abs/hep-lat/9809171
https://doi.org/10.1103/PhysRevLett.118.242001
https://arxiv.org/abs/2001.05090
https://arxiv.org/abs/2001.05366
https://doi.org/10.1140/epjc/s10052-008-0608-4
https://doi.org/10.1103/PhysRevLett.120.022003
https://doi.org/10.1140/epjc/s10052-018-5700-9
https://doi.org/10.1103/PhysRevD.98.094507
https://doi.org/10.1103/PhysRevD.99.074507
https://doi.org/10.1103/PhysRevD.102.054508
https://doi.org/10.1103/PhysRevD.73.014501
https://doi.org/10.1103/PhysRevLett.110.262002
https://doi.org/10.1103/PhysRevLett.111.112002
https://doi.org/10.1007/s11433-014-5492-3
https://doi.org/10.1103/PhysRevD.90.014051
https://doi.org/10.1103/PhysRevD.98.056004
https://doi.org/10.1016/j.nuclphysb.2021.115311
https://doi.org/10.1016/j.nuclphysb.2021.115311
https://doi.org/10.1103/PhysRevLett.126.072002
https://doi.org/10.1103/PhysRevLett.126.072001
https://doi.org/10.1103/PhysRevLett.126.072001
https://arxiv.org/abs/1810.05043
https://doi.org/10.1103/PhysRevD.96.034025
https://doi.org/10.1103/PhysRevD.100.074502
https://doi.org/10.1103/PhysRevD.103.094512
https://arxiv.org/abs/2011.00964 hep-lat
https://arxiv.org/abs/2011.14971
https://doi.org/10.1007/JHEP11(2021)024
https://doi.org/10.1007/JHEP11(2021)024
https://doi.org/10.1016/j.nuclphysb.2021.115443
https://doi.org/10.1103/PhysRevD.99.014013
https://doi.org/10.1103/PhysRevD.85.094510
https://doi.org/10.1103/PhysRevD.91.074009
https://doi.org/10.1103/PhysRevD.99.114006
https://doi.org/10.1007/JHEP09(2019)037
https://doi.org/10.1016/j.nuclphysb.2020.115054
https://doi.org/10.1016/j.physletb.2020.135946

RIGERESE, R ERRE: WY it RO 20224 M52 BT

146
147

148

149
150
151

152
153
154
155
156

157
158
159

160
161
162

163

164

165
166
167
168
169
170
171
172

811: 135946

Shanahan P, Wagman M, Zhao Y. Lattice QCD calculation of the Collins-Soper kernel from quasi-TMDPDFs. Phys Rev D, 2021, 104: 114502
Schlemmer M, Vladimirov A, Zimmermann C, et al. Determination of the Collins-Soper Kernel from lattice QCD. J High Energy Phys, 2021,
2021: 004. arXiv: 2103.16991 hep-lat

Zhang Q A, Hua J, Huo Y, et al. Lattice QCD calculations of transverse-momentum-dependent soft function through large-momentum effective
theory. Phys Rev Lett, 2020, 125: 192001

LiY, Xia S C, Alexandrou C, et al. Lattice QCD study of transverse-momentum dependent soft function. Phys Rev Lett, 2022, 128: 062002
Chen J W, Lin H W, Zhang J H. Pion generalized parton distribution from lattice QCD. Nucl Phys B, 2020, 952: 114940

Alexandrou C, Cichy K, Constantinou M, et al. Unpolarized and helicity generalized parton distributions of the proton within lattice QCD. Phys
Rev Lett, 2020, 125: 262001

Lin H W. Nucleon tomography and generalized parton distribution at physical pion mass from lattice QCD. Phys Rev Lett, 2021, 127: 182001
Lin H W. Nucleon helicity generalized parton distribution at physical pion mass from lattice QCD. Phys Lett B, 2022, 824: 136821

Ji X. Fundamental properties of the proton in light-front zero modes. Nucl Phys B, 2020, 960: 115181

Bhattacharya S, Cichy K, Constantinou M, et al. One-loop matching for the twist-3 parton distribution g7'(x). Phys Rev D, 2020, 102: 034005
Bhattacharya S, Cichy K, Constantinou M, et al. The role of zero-mode contributions in the matching for the twist-3 PDFs e(x) and /(x). Phys
Rev D, 2020, 102: 114025

Braun V M, Ji Y, Vladimirov A. QCD factorization for twist-three axial-vector parton quasidistributions. J High Energy Phys, 2021, 2021: 86
Braun V M, Ji Y, Vladimirov A. QCD factorization for chiral-odd parton quasi- and pseudo-distributions. J High Energy Phys, 2021, 2021: 87
Bhattacharya S, Cichy K, Constantinou M, et al. Parton distribution functions beyond leading twist from lattice QCD: The £ (x) case. Phys Rev
D, 2021, 104: 114510

Bhattacharya S, Cichy K, Constantinou M, et al. First lattice QCD study of proton twist-3 GPDs. arXiv: 2112.05538

Zhang R, Honkala C, Lin H W, et al. Pion and kaon distribution amplitudes in the continuum limit. Phys Rev D, 2020, 102: 094519

Hua J, Chu M H, Sun P, et al. Distribution amplitudes of K* and ¢ at the physical pion mass from lattice QCD. Phys Rev Lett, 2021, 127:
062002

Ji X, Liu Y. Computing light-front wave functions without light-front quantization: A large-momentum effective theory approach. arXiv:
2106.05310

Reitze D, Adhikari R X, Ballmer S, et al. Cosmic Explorer: The U.S. contribution to gravitational-wave astronomy beyond LIGO. Bull Am
Astron Soc, 2019, 51: 35. arXiv: 1907.04833

Amaro-Seoane P, Audley H, Babak S, et al. Laser interferometer space antenna. arXiv: 1702.00786

Bern Z, Parra-Martinez J, Roiban R, et al. Scattering amplitudes and conservative binary dynamics at O(G*). Phys Rev Lett, 2021, 126: 171601
Bern Z, Carrasco J J M, Johansson H. New relations for gauge-theory amplitudes. Phys Rev D, 2008, 78: 085011

Jordan S P, Lee K S M, Preskill J. Quantum algorithms for quantum field theories. Science, 2012, 336: 1130-1133

Li T, Guo X, Lai W K, et al. Partonic structure by quantum computing. arXiv: 2106.03865

Roggero A, Li A CY, Carlson J, et al. Quantum computing for neutrino-nucleus scattering. Phys Rev D, 2020, 101: 074038

Chen Y, Ma Y, Zhou S. Quantum simulations of the non-unitary time evolution and applications to neutral-kaon oscillations. arXiv: 2105.04765

Raychowdhury I. Toward quantum simulating non-Abelian gauge theories. Ind J Phys, 2021, 95: 1681-1690

270003-16


https://doi.org/10.1103/PhysRevD.104.114502
https://doi.org/10.1007/JHEP08(2021)004
https://arxiv.org/abs/2103.16991 hep-lat
https://doi.org/10.1103/PhysRevLett.125.192001
https://doi.org/10.1103/PhysRevLett.128.062002
https://doi.org/10.1016/j.nuclphysb.2020.114940
https://doi.org/10.1103/PhysRevLett.125.262001
https://doi.org/10.1103/PhysRevLett.125.262001
https://doi.org/10.1103/PhysRevLett.127.182001
https://doi.org/10.1016/j.physletb.2021.136821
https://doi.org/10.1016/j.nuclphysb.2020.115181
https://doi.org/10.1103/PhysRevD.102.034005
https://doi.org/10.1103/PhysRevD.102.114025
https://doi.org/10.1103/PhysRevD.102.114025
https://doi.org/10.1007/JHEP05(2021)086
https://doi.org/10.1007/JHEP10(2021)087
https://doi.org/10.1103/PhysRevD.104.114510
https://doi.org/10.1103/PhysRevD.104.114510
https://arxiv.org/abs/2112.05538
https://doi.org/10.1103/PhysRevD.102.094519
https://doi.org/10.1103/PhysRevLett.127.062002
https://arxiv.org/abs/2106.05310
https://arxiv.org/abs/1907.04833
https://arxiv.org/abs/1702.00786
https://doi.org/10.1103/PhysRevLett.126.171601
https://doi.org/10.1103/PhysRevD.78.085011
https://doi.org/10.1126/science.1217069
https://arxiv.org/abs/2106.03865
https://doi.org/10.1103/PhysRevD.101.074038
https://arxiv.org/abs/2105.04765
https://doi.org/10.1007/s12648-021-02170-6

RIGERESE, R ERRE: WY it RO 20224 M52 BT

Quantum chromodynamics studies toward next
generation colliders

LIU XiaoHui" & ZHANG JianHui"

Center of Advanced Quantum Studies, Department of Physics, Beijing Normal University, Beijing 100875, China

As the fundamental theory of strong interactions, quantum chromodynamics (QCD) plays a crucial role in precision tests
of the standard model (SM) and in the search for new physics. In this article, we provide a brief overview of recent
progress in QCD studies relevant to collider physics, focusing on fixed-order calculations and resummation techniques,
parton distribution functions and their calculations, as well as their impact on the search for new physics, SM precision
tests, and studying the intrinsic properties of hadrons. Based on this, we also discuss the prospects of their applications
and intersections with other disciplines in the future.
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