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ABSTRACT

The top quark is the heaviest elementary particle in the SM. The phenomenological
study of the top quark is crucial for precision test of the SM and searches of new
physics beyond the SM. At the Large Hadron Collider (LHC), measurements of the
top quark pair can provide information about the top quark mass, spin correlations
and new interactions. The Large Hadron Electron Collider (LHeC) is a proposed
facility of using a newly built electron beam of 60 GeV or higher energy to collide
with the intense hadron beams of the LHC. Such a programme will provide a
cleaner environment for the study of single top quark production which can be
used to measure the CKM matrix element Vtb. We can utilize these unprecedented
facilities to measure the precise properties of the top quark and search for new
physics.

We firstly introduce the top quark physics in the SM, including the production
mechanism, decay channel and significance of the research. Then we introduce
the QCD factorization theorems for deep-inelastic scattering (DIS) and Drell-Yan
hadroproduction. We use the Dipole subtraction method to deal with the next-to-
leading-order (NLO) calculations of subprocess in single top production at the
LHeC. We review the research methods of the top quark, including the measu-
rements of the top quark mass and the top quark effective operators under the
framework of standard model effective field theory (SMEFT).

Secondly we present a phenomenological study of the single top (anti)quark
production with leptonic decays at the LHeC at the NLO in QCD. We focus on
various differential distributions in a fiducial region. The NLO corrections can re-
duce the fiducial cross section by 14%. We find the NLO predictions exhibit strong
stability under scale variations for most observables considered while the scale va-
riations at the leading-order (LO) dominated in the theoretical uncertainties. We
propose a method of determining the top quark mass using the measurement of the
average transverse momentum of the charged lepton. The scale variations at the

NLO induce a theoretical uncertainty of about 1.3 GeV of the extracted top quark
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mass. The statistical error of the extracted top-quark mass amounts to 1.1 GeV.
We also investigate the impact of the QCD corrections and the scale variations in
searches of the anomalous Wtb couplings. We anticipate our best bounds on gg
and 8V} at the 95% C.L. being [-0.057, 0.050] and [-0.010, 0.010] respectively as
derived using the NLO SM predictions with scale variations.

Phenomenological Lagrangians or SM effective field theory can be used to
connect new physics at well above the electroweak scale to its phenomenology at
low energies. Based on the framework of the CT18 global analysis, we perform
a joint fit of the Wilson coefficients of SMEFT and the PDFs. Self-consistent de-
termination of the possible new physics effects is obtained. To ensure efficient
scans on the full parameter space, we use the machine learning and Neural Net-
works to boost the global analyses. We focus on several operators relevant for
top-quark pair production at hadron colliders and obtain a constraint on the Wilson
coefficients with Lagrange Multiplier scans. For the four-quark operators of color-
singlet or octet and the gluonic operator , the results are C, /A> = 0.14705] TeV 2,
C3 /N> = —0.80133§ TeV 2 and C,¢/A* = —0.1073 3 TeV 2 at 90% C.L., respec-
tively. We also determine the pole mass of the top quark to be m, = 172.58"02%
GeV at 68% C.L., by using the measurements of total cross section and invariant
mass distributions of the top-quark pair. We find that the correlations between the
extracted Wilson coefficients and PDFs in our determination are mild. Finally,
We show the dependence of the uncertainties of the Wilson coefficients on the

statistical criterion used.

Key words: Top quark, LHC, LHeC, SMEFT, QCD, PDFs
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B /
-7 |igcos Oy "W, + ‘%cos BWMWG_] n-.

(1.21)
XHn 2R
B TR T HEFRIERI A T3 1% . QD IR T LS
1 8 ny
L= _ZZGWGZHFZ% (V' Dy —m;)q;- (1.22)
a=1 j=1

X g B5 5, m; BT, ny 2 RIS RIAR. PSR KT
Wikl
D, =0d,—ig,y TGy, (1.23)

Gy = Gy — 0,G5 — 8, [ G, G, (1.24)

%ﬂ?ﬁiﬁ%’*é’i EH geo G Ha BN 1 5] 8, SN FRFH. T=4 K

SU(3)c HERYLEITT. f & SU) BEmIZ5H 4L, IEH N QCD iﬁﬁﬁlﬁk‘g/‘
A GGy B, i ARL IR &P S0 I T3 = S TR T DTk, 3X
WX TR T AR A TR . [FRRRT, QCD A X R A LT ] < UA 3%
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oCFix = L (aNGZ)Z,

28 (1.25)
Lrpc = —ﬁ“5abnb - gsfabc (2"1°) GZTIC-
FHFRATE B BARAN T IR B
BIAPREBIAL S 2 5158 TR S gk, HEME— N EHT
HRlsc ke muE N A SEE, TIAREZ M R gD . FERfEfzy
MEZEN BRI © QCD iy AR AR oK T R S R = S . IWAMA R
ZMERL, LEANAATRE 5 | I AIARER AL G —AE i . G Y) TS Re m ) RE L h
AT o R VR AN T R B MR IR S5 2 SMTCYARRR Y o i T g DAL
PR HERTAL (BSM) BT EE (NP) [F)E, AfTA)E TIRZ 1) BSM Hig 4
SR EXTPRELE . FANERIR—48 4% . At H B L8 BSM fHLEA A FF
SERIESE .

1.2 i et Bl

TEFRMEBIAL L, S w @i Emm R EAR 1, EMEE 1/2,
firre 2/3. HTENW3ariddE, FrRANE e mE—rT LA W g
s, PSS THS N WG AAESHEEER, X—/eHE
I} 2 1F E T Cabibbo-Kobayashi-Maskawa(CKM) %5 B4 . CKM 4 f4 22 4 1F
By, HAPICE V, R T4 sl W 3@ 4830 lUR S s . 1m
Vip| PHEJLF-55T—, RERE TS e LT 58 28 NIRS e fil—1 W 3
U,

T ye e bR ERT A B A0 5 QCD R4Sk [ (NLO) 12 1E 11 3278 i J 2

Grm? ’ m? m? 20, (2% 5
I, = LV, I——2 ) (14222 ) [1—-== (= _-Z2)]. 1.26
t 87c\/§‘ 4 ( m? * m? 3z \ 3 2 (1.26)

X HLZ0E TR SOBTERLY, , (R0 T NLO B W 3k (4 BTV . 241
TH%5 A o5 0 B my = 173.3GeV , as(my) =0.118 B}, FEASGEEEZ)H 1.4GeV .
WS T GE 5 x 1072, 3R TR 3 x 1025 /h—A- 5L,
JrPATI wiox HHE AR, AN FAL s i of AR, [l 28 =Py
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BT T % v i B e M G SR

0% 58— FF U R AR T XMLl i 540 0F R 0% st i p= AR A &
. AERR XL o IR EAER Y, RAAREMHE . I
HAER I KT F 2P A ) T g qg — of Ml gg —1f , WA 1-2F7R. 7%
Tevatron(pp, /s = 1.96TeV) )74 85% HYr= A8 R IEHT qg K, FFH
THRORIE T IR R . M2, FERBGRFXH#EAL (LHC) (pp, /s =
13TeV) _E25F 90% 1Y 1f P2 AR T I T I TR A

g taq ty t

9 g

9 tq tyg t

Bl 1-2 SR XAl BRI vt i A AR IE RS K S TR A
R

Fig. 1-2 Top quark pair production in the hadron collider, including quark anti-quark
annihilation and gluon gluon fusion.

B0 % 2l & 173.3GeV i}, NNLO + NNLL K B [ FRiS 12 25 H T
2 TN AE Tevatron (/s = 1.96TeV) FJ2& o7 = 7.167031015pbl' 1 o 3%
LSS — AN B R T FR BEARO . 5 AN BE R R TR 40 11 R
. 16 LHC (/s = 14)TeV FRIAS ey 172.5GeV B, #E 07 =
984.57 537 413pbl

PTRE S AR RS EAE R A SR, B8R ¢ — b, qb—
q't(RPAZ B s TE T t T W B () 1 bg — W (Wt G 7=2E), Nl 1-3fF
TN Ik B BT 5z $5 B TR e sl S T %7 5 . A Tevatron FixX i fh i
TR S s JEAETE AR, (RFE LHC _ENERSE . STt B2 5™
A, BRI T RS A AR RS TR, (R RN TR s e A A L AR i B2
AR TR, Fr AR AN T . FE m, = 173.3GeV B, Tevatron |
€ 8 PR TR PR AR 7E NNLO RS B TS 12 00 = 2.067 0 13pb(pp, /5 =
1.96TeV)!' ), 53 HL ¥ A BRI 40 BR B E FE R 20 & 4E T2 X T LHC,
1E m, = 172.5GeV H} NNLO H E#IE 7 = T & o = 245 2pb(/5 =
14TeV)!', 1 s SEAN Wt P= A viikiab 1 t 38, 7] DUAH & AR,

B2 BITIA, T s g A8 = L W Bk 61 55 5. 1 W 3

9



RS W R g i

5

q t b w

13 BRFRHENL DRI A, (4 s A Wil
Fig. 1-3 Single top quark production in the hadron collider, including s-channel, t-
channel and Wt-channel.

TN R TS W = Iv 5 W = qg). 1IERTE FOR I AL
J7 P AT 3o = Fsia: i, 2R KR T, ik 1-4FR.
T iR gar b, K AR T ERNE, REBWSHIET X =
HAA

od e w1 O full hadronic

S n e
= O - © semileptonic
. Q _2: [P o B dl .
ets o > 5 PR
J + +i+ig2?® @ dileptonic
[7,] o] S - o =
(= :

ee
ep

e + jets ee epieti

ey

H+jets e+jets
HU

w
5 U+ jets ey IJUEHTE

...........................................

[ T + jets €T YT TT

g |'g“ jets etjets p+jets F unstable
K] e + jets ee ey not
5 p + jets ey up rrentaly

i
______ i experimentally

Pl 1-4  SRFXHEpL RIS X 32 AE , AR A | R T RO T = A
Fig. 1-4 Top quark pair decay in the hadron collider, including full hadronic, semilep-
tonic and dileptonic modes.

HIER TS5 ), 5 XHENL BT vo i 2 AL 07 SRS W 3%
O RS A S T I AR . T TR R AR S R 9 X S
B, FRATEE RS iy T Aeiial, B W B Fos A
By X B S W SRR T X )
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T ye ) Bl R RIE S C B AR TR TS SO R A i &, B TS 5
MR . PO . oF HBERER. BIRAXIFRIE. SN W g1
RHESE . CKM JiFEICSE . EReME— St & rivi G T 1 %5 5.
XA kg T 6 7 TR RSB IE A S IE LT my PO BT, XTI
A BTt PR RS AR AR P At e o S R o e R T
Ly R AR, AR AR W 3 (o) i i . CDF SCBG ARG AT
TAUATINT W B 7B p il s 4R, ik 1-SEUR, X SMTiTE
G5 T AR R ZE . AR TR AL TS R L SR UL 1 4 )R
AR, M0H AT e i e fo o P A SR

SM

DO I 80478 = 83 —_—
CDF | 80432 = 79 —_—
DELPHI 80336 *+ 67 —_—
L3 80270 £ 55 —o——
OPAL 80415 + 52 —
ALEPH 80440 * 51 —
Dol 80376 = 23 ——
ATLAS 80370 = 19 -
CDF Il 80433 £ 9 -

| | | | | I

79900 80000 80100 80200 80300 80400 80500
W boson mass (MeV/c?)

Bl 1-5  CDF I (il s 455 A S 2 BRI My TR SMFE S (i )

Fig. 1-5 Comparison of this CDF II measurement and past My measurements with the

SM expectation.

TEXE L SR, TS s A R R . B AR 2R
TR TS S AL )l ] DATE AR B THS o e o 00 S P A R
M, AT AR RIE L PP (FCNC) id e BWAMIFSE b, titt, 1fy,
tiZ, tth SRR SR TR, R IRFRATRS THS se AR, Bl -4k T
Sy 5 AT T SRR S B E R P S e AR . AT AT
TE R A KA IR T IR 10 SR B R PR O & R 5, it
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— B LR KA BSM A, R AR T 2 ST AR A1, TS se ) PR
WFFERA ATRES TeV RERRFTYI BLRI DT TS 48 W 7 10) o

N7 HESH VA L BARAY S, FRATE GTSE T T vl ER o S AR
BOTIE  BATRM T A R 7 i g B 5L IS se iy I %, 7
Zih TAEARKE) LHeC BT iYiRIE. FATibfhiT T LHeC AT 5
PR AR NLO P50 -4 B ehodt . e H AR ST XHEAL B, 34T
BT CTI8 &Ry ArHESExt SM 244, PDFs, SMEFT HiAf /%7 1 e
. e, FATTEM T IS FEuB o PR A 45 TGRS

1.3 ARICEH

A —E W TR TR R, RTINS TR AR
WERLAL, FRATIEBRIR T B aifhA R 2 MR fe o, anasiin . WY g
RE R M RRERIS R T B S RSN 2 FRATEMAEANZ T A S Eht
GRS e W, DA IS s e T XHENL_ L A S AR d i, &
M5 a it —F i T TS e E i o5 2 L.

5 BARATE NG AU IR AT, TR R K R
ZIERAING T 5T A 55 DIS/Drell-Yan H ) Bl T L HE S, DAK
DGLAP Wb 7 #E. AL YFE T CS Dipole ik 77 58 H DAAL F I €53k By
QCD & 1E 41 b5 2k KBl

BRI ES MR AT BATE SC I T T v R A E
X, ZJGMRAT LHC bI0# s a8y % 5 B ol 24558 . RATENH
THFE BN SRR IR, AT G IR T A RIS I
5 Tt T MEG ST, FRATFH T 5005 Fa Al < AR AR 3G REA e AT

FEL U R IRATR LHeC _EHATIZ 3w (R T0% 0) F= AR PRl T A8
FEHEAT T MERBFGE . FoATITR T QCD NHRGSLPME IE o 38T TS A
ISR, FRATT & B NLO 11 3458 T B AT 17EAR B AR (L i i AR e e
AV TR AW PR s BRI S i i R, B
TR NLO B IRZEMG T HRZE M FHIEME . FATEMHFFE T NLO i
BT et

BRI HAMERRE S5, AT CT18 4 Jm/HriE 4 xtsn 1
SR T % = A A S BT Wilson 2415 PDFs #F47 TEEG LA,
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£-EF BERIHHEEZR

ARTEFATREHAR A A SO BT RIS HESL . B FRAT IRl 1 &R 40148
B KR, Z e TR FR R AR (DIS)YPP X N A b R %
JEBEAMTEARN G T I A TR T ARSI EUN AR R QCD 4k
B (NLO) {2 11 Fir il ) Dipole J [ 75 % -

2.1 JBsr TR QCD P14t

F s AR A B G AR P S B SRR, (R ISR S e A
JETANBEER AT, EATAOREAE S8 T W ERA (LB S AP AE « AEFR
B AIASAT 3 10 R HEAE U T AR I R AT/ 25 AR PR QCD 1
CBE . XFRHEL EARAE L, TR T R TR
XA HREEAAE QCD JL2k [H 1 (U HE 2R B A S & 73 170117 R 4 (PDF),
WE TR NERS M TEh E I EE S . BT QCD (RAE AL IR
PURFE, FrDAANBER K E OO & 7130535 - PDFs B35 H i
FigAE s Ak AL QCD HEATEE — PRI BRATH I, B0 SE B iy U A k15
Blo TARROTRERE RIS, AT BRI A e 54, — B
J= B TR A T A R Y SE IR R . R AT
JeTy NG TS PDFs, 2 5 /4% 1~ 1 A5 1 -58 X i
) QCD TRt .

2.1.1 M\ T B E] PDFs

1967 4 SLAC 20GeV #) EH 4 hnidgs bR TR B AR S0 i B 380 7 1
WERH - & B8 . DIS IHLGI R RAE R 2-1m . X BT BEFE 11T A@At
HURL 7 LU AN a8 AT DU A LB -, Bl se e i ot ek w
5 Z BT 50U e DIS SEIg v SR TE 3% (1 B KGR 5
#Q, 0> Agep-

DIS 21z 824 FT DA AR LN e 26 A 2 S

Q25—6127XE y Y= 7% (21)
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I/v Ifv

K 2-1 DIS {Upf R K. w75 T NS s i, scie 1S e
Pt 1,

Fig.2-1 Schematic representation of the deep—inelastic scattering process. The energetic
lepton scatters off the quark in the proton with exchanging of an electroweak gauge boson.
The momentum of the gauge boson Q is large(Q > Agcp)-

XA kK RASER TSR, q 2B O TrusiE, PRASR
THUEhE. x e AEER, X EEamyRSH Tz sirkE. it
ESE g =K —k (K 2GR shE), Hiks (2.1 Frapy2g sl
PAVR T3 B T SR AW MRS T8 X [ (2.1) Py
Q* = —¢* RHBMIEI O TSR R, y Rtk - e
TR R SO BERF TN

W= (P+qP =0 tn. 2.2)

x =1 X SR IR , BRE B AR S U e 4 Joit, my SR T . 1M
TREEAESR, W2 > mj, BEMCE BT TIE A8 T AL BRI R T B 1 2 hL
TARE. 7E DIS SLBe B, UM A DA

d*k cy

25 |K'| 472 (g2 — m})

do L (kWi (p,q), 2.3)

15



AR R A AR S S BT EAER

BV RFR BB AT, MEARSENBEN: o = eop: = 545
LY (kyq) Rt ToE . T 308 7 3 40 0 o TE AR % 1 2 A5 7A8 M T DA 5 24
TS5 R A T 2

quqgy Vh
W;E‘v/h) — <guv_ 22 )Wl( )(x,Qz)
P-q pa\ 1 __wn )
+{pru—yq —) (m—%—) —W, 7 (x,0 (2.4)
(“ s 7 )m" =)

: 1 wvn
- 1€uvchlq6ﬁw3( ) (X, QZ)
h

X B AT  Fy (x,0%) =W (x,0%) B (x,0%) = 2 W, (x,0?)
5F(x,0%) = 2w (x,0%). v EH T IER N TR AR TR
SLAC 528 % BilfE Q° RO, SHBBURRIs T 02, (URIT x. X
— PRI 2SR AT RS . 3 2 RIS A T A TRHCY
S AT 75 0T AR RS TS M o BB (2.1) 5 LA e 2y
BAREE x, FRATAT LA BITE R4 TR LR B % TR TRHE L R R
il RS A TR T T B B4R IR TR 1 A 2 S R
THRAHE B, AL VEITET A K

(EP+q)*=—-0"+2&(q-P) =0, (2.5)

Al E =x,

TE DIS I RGO R T, 1 [FI 52 37848 2 W04 -5 A 18 I a] I ik
HISEIR . X EME A L REEEE TS, BT gFdE T T .
i, BTERHRE B R W1 BT AEEREE, h T 5%
SRR ¢*, H T ATERR )y ) ERGEE ] O(1/Q) . WRIAMEE
TR THEAZ T IR 3 b REL A TE, AR AR E]—A g3l 0 A AR Al BT
R 1 IR DA T UAAT A1 AR

1/0°

2 )
TR

(2.6)

BEAL Ry R T¥ AR, MHTHREUNZ G, BTiER e, 28 mik
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HIP= AR bt . X — IR R RER TR S5 FiiE. 25, S5
R T IR TRy BTk AR R AR, S £ 56 M il B0
ARG AR EEE T BPE Born ST LML BEHS S -H T ECH R EL AL . 0
THRE B ARHUERE T SR EEAT . A Callan 5 Gross J#7R T DIS
(R ZE AL BRBIOR T B 1/2 BT T B SR B C R 2xF) = R, 7R
55 FAERIE TiX— K R . XA S B AR SC R T 35K 2 5K
RIS . 1973 AE5RAHELAE L ERT DL R AR E e vh i il B ph Y 87 3%
H QCD 7 = R 2 AT AR AL B, 2 Rl Y Born SRl AR, A
QCD 4 F AL AL A T AV A SR AU S AR ) s

QCD F4F AL H U 2H R A i S o0 517 1) 2 2 Bl
434, LRI PDFs, —JF4G A4 e 5 T BRI S e iy A SR I 256+
GFF K (o FRARAY, AN A SCERY 12 R A 25 R R HEWT PDFs i85 i35 H
HIEL A ANHIR B T 0% 50 LASM I I S % e 4 s ks g SCakl 15 A
TR PDF, PASF& B <P 1) 9 HE A B =T AR i 3] ) 25 5 ol | o
B, FARYE Regge BRIGFIFHZS [B] WM T PDFs [ f#7 B0 x ARASIE:

TEX YR Z G, E—41H S5 PDF AYARTEAR Pulh
T . AT PDF ¥ i — Ry R e, FHE AR
T-LER R AT T X% 7 PDFs (VU SHH . BEE B r g 52804
%, PDFs WIRAR WG ol fh . R 1571 1 3l 2 43 B0n] DA sl sk A
B DIS #5125 A D sk Sl I, 33t AN TT BB R 0000 55 440 R 50 Hp A J3E o
AT, BEE DIS =B QCD & 1E M PDFs [ 0% jiH{kiY) DGLAP
TRRIERER, BEEXTT I ¥ PDF ARG & A5 A T. BT XAk REZ
4h, XIT PDFs #F LHC K5 MES 1 B 825 32 31| & 3

2.1.2 DIS/Drell-Yan Y i¥j Al T-4LBR 1B

Bt QCD AR EAE R Tk, X AERRFRAT AT DAHESH L
HR TR AN AL, X FEAFERAT R ARG RAR R TE K LR ik
IR o

FATE S B N EAR R AR . ATAE I (2.1) =R
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ZEMIRRAL, CEAA TSRO T 5 SR TR AR . AR R A
(e T REIG T B Z 9 (1), DIS Bl H n] LA R AR B4 A R AL

+
d*oNCt 2ra?

“d O (x,5,0%) = O (YL FYC (x,0%) FY_xF'C (x,0*) —y’F\“ (x,0%)],

(2.7)
WATEXL T Yo =1+(1-y)?, FLr=F £F, IEWZHifiA, SLAC-MIT &
VEZH % B DIS HUS AR 5¢ B 45 1) ol 807 TR T 1E 5 2% &R N IUKH T 07
Sz Pk RZ .
TEZHNG LT, SCue I & 25 R4 B fb ko m 25

6NC7Ei (x,y, QZ) = |: (xaya Q2)7 (28)

a7 dPoNor
Y
xQ* J dxdQ?

X5 RN R P (x, %) BT, IR AR 19 T BT Z 1) PDFs.

T L DIS AF 00T, AS AP 1 B A F 1l e <2 s vl 5
LB 6T W SETMEAER, Mo EmE e AT A

d*c n_ Gy My o\
dxdQ? (02.0%) = (M$V+Q2>
x % [Y+F2CC’F (x,0%) FYF" (x,0%) =y F (x, QZ)} '

(2.9)
X bt b —AN R ¥ 5 v A5 2 fa AL T

-1
2 M2 2 2 —CC,0*
Gr < w ) ] dG—(x,y,Qz). (2.10)

~CC,* 2\ _
o ()=l e o dxd 0

BLAETAS T AR PR € FoRE ASTEUL BT R R T A (2.10) Sk
T LA E R IE . FATBAE AT DA 25 M) s ) R 1Ak . AR
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XL fr/n(8) AR T h P RE|l— A 3ghioh & HRIE N £ 25 el
Ro W1 1/8 BIFAALH T, SRETED TSR T ESZ . RRRE IR
A B R AR AR RN Z AN AR, 3 Al T AR E TR Y
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=:/ 520( w,)ﬁ@#ﬂ (2.13)
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TEAEAIARE T E P AR . BT 2R TILReRR, TR A
KA 4y Bk . SEMEROTE, ATATRT T e 355 0k 5 25 REAR I A53% T30

STHRE] Coo MRTXAREEN, SWRICHE fo X B C; kR BUH R %L,
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S Al A R
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Fig. 2-2  Factorization theorem for Drell-Yan cross section.
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XA
1 /'d
Lo (eait) = [ (e/sai) f (v f). (2.19)
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j=f.F.G"*

AR T 1= e WAL Py(x) ATRABERIE T (o/27) P, kst
Altarelli-Parisi B 24 AR BT HIAS ARSI T, LO FHATHTE R

Py =) [(1+9) (155 +380-9].

P(l)(x) =T(F) [(1 —x)* —|—x2} ,

q8
(1—-x)2+1

P (x) =C, (F)f, (2.22)

Pg(gl)(x) =2C,(A) {(l—xx)++ 1;x+x(1—X)]

- <%C2(A) - %T(F)”f> o(1 —x),

BFRR B A BN QCD (N T K, XT N =3H G(F)=4/3 . T(F)=
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1/2 e C5(A) =3, {EIF—4RAIE Pog Ml Pye 15 x = 0 AL EH AT 71, XK
EAE x BN RKIRAL LTS e PROd R . A BB R eR A x = L AL A 77
S, X RT AT RE A2 IR A Ao i ad Plus pR 50 AL -

/Oldxf(x)[ ] /dx [1;]‘ (2.23)

2 (2.21) FBRBU TR x, SR x B/ MRS B IF 3 Al
TR

AT ATIA FIER52 ) PDFs (92 PE4L 6, DGLAP 3 f I R4yl A
WML, RS REAT, BIRG ny =3 ki, LR 4L a

(2.24)

+d—d— 2(s s))(x 0%,

% T ANERE B0 E O LR B . T g — 97 B
B e — AR R g+ g, B G BERSH PDF kA 511 A%
&

WAL FATTE PR 0 T AT BRI B AL AR EEAR 2, 0G0 B 1L
FEE B IR . X DIS SR, —HAREEE ur =0 =0, X
Bk C M @ ST 0n(Q) MERER. TEMAREEHESE T, ¥4 F40 i
B A DATH A 5 B 1 5 A R

2.2 Dipole B i %

pQCD TR AR (T A BT TR B R . FEILT 5T,
LA RE AR CREAZh & Q) YA n] LA LSS HA A 73 52 R 405 A s A
WG, IR BTk, mE R bRt HER . J5# E2EZ QB
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BRI, 42 Q> A (A2 QCD AEHR) I T ST HIBHHE & 8 4L 0 (Q) ~
(BolnQ%/A%) " fdeitss. il oy(Q) = 0" [1+ K(Q) os(Q) +...], (¥ 2
B SRR R HOM) REURTT, QCD & w5 B sh w0 S ma s
TE B AR pQCD i 2 #0355 NLO f 15 RIS &35 B 45 M 6 Bt
NLO FHyE L.

TEADFEFS W QCD BRI , 5% 5 4 S ek A B 1 P Pl ik 1
REFEAR KR 1 R, G S A R B (UV) — M Tl it AL
. R BIORIE 2R B A RSB IE S B IE L. o T ALFR e A
FRATAR B XL A5 2520 4 AT IR R HE I AR A R Bt 2ok T35,
LRI . TR, ot SR A R I 2 R R AT DA R . 8
Al LR 5% BT AR PDFss.

— kT S T NLO IS TE M R Wit : —FhEETARZS B, 3 40—
FRELTF IR 7. SR AR A AR X A Bk T 2 B s 43
EARHTELN « B = SR T WA 0y B a0 0 AT, T
TR M R AR, . A, SRR AT AT AS | AR A 5K
W 26 VF T . TR A T4 A SC T ARG CS Dipole Wi 77 % M
PEAI AL,

2.2.1 AR T 0RER D4
FE NLO KGR, i n] PAE A R

o =040, (2.25)

X HL LO #R2» DTk ok H XU B m AL AR ZE [N 20 1 1Y
& x Ay fRISHT R A O

o0 = / dWe™ |p, > F™,
X HEA dWOM FORMAERR T m MR RIMI 2SR, M, P AR
HIRETG. ™ S SRR 56 TR e 4
NLO &R TTRRAR G as BB &R 43 il S sl o 1y 542
IESEBIE. EAEMY4E R0 5146, 3 (Kinoshita, Lee and Nauenberg )
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KLN G, AR G . 606 ARECE AU d = 4 —2¢ 2
HCF RS ROION 1/€> 55 1/e B il Ha IR TR T DASF NLO
TP LB R R 565 TE 5 T R 6 EE R 1795 T DA PO T
S, TRAEWTFAR

oNLO _ / 4D GR _ / dDGA 4 dDGA 4 / 4D gV
m+1 m+1 m+1

m

:/m+1 [d(d')GR—d(“)GA} + d(d)GA%—/m d9¢ (2.26)

= / [d“)oR—d(“)oA} + / { d9eV + / d(d)oA] :
m+1 m | Jloop 1 £=0

XA R M E QCD k1, 34 Qi kT M, LB EH
R Tk

M2
) (2.27)
g 2 (2\"¢

— /0 dq; <(h)

M2
7 +M7]

_ 1
2Q>>MM2 W +O(£),

BeAk @ FoRIFRDS MR T ROR A B X B FE Q m KT M,
BUE ESA A KRB S B EBUEA TR ETE . M5E R AR BA XA
A, ARR AR I TCIA B 5 R ARy, FR BRI S EIARE . 2083k
I E R R BRI ZALIR BEX T AR 8 M A A FE IR M =0(Q)
IHRA BRI, 1 M/Q — 0 BHE AT A T X AR AR E I, A5
A VAT 5 Bh A

lim [(do®(M)),_,— (do?(M))

M=0 /41

= [(do®(M =0))

m+1
XH M/Q — 0 5 (m+1) ForF A B S PRAIE A 3 (2.27) B
SRR R,
Dipole J5 Y 5 S s 7E T ME R AR SZ AR do™s B m &
T IR HAE BT A 7] RERY A5 -5 55 W S 1 Tas A — AR e X

s:O]
(2.28)

=0 (dGA(M - 0))5:0} ?
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BEAWMTH AN

do* =) do® @ dVgipot. - (2.29)

dipoles

dViipote FUR T RGIE R A, ERPUE T OS5 ARG X1
MmﬁD%ﬂnMN?I%W%ﬁ‘&MTMﬁ%ﬁmgﬁ

d96h = Y / d96® ® / dDVgone = / [d<4>cB®1], (2.30)
m+1 : m 1 m

dipoles

/ d lepole (231)

dlpoles

PA_EZ5 FEROHAR S RCPRORL TR, X Tl 7RIS, AT AT B

o(p,p) Z/ dn fu (n, uz / dn'fy (n',uz) o (np,n'p uz)]
(2.32)

Oy C (Pas Pos 7)) = /+1 d(d)cf},Jr/ d<d>cavb+/ d6S (pas pos 7). (2.33)

JH AL LRI dog,, X HLR BT EE X PDFs {y B & IEdghn 1
PR XTI 1/ BAHLT

1 1
ADGE (pas Py 12 /d/ dz .
% (ParPos Ui7) = ZnIﬂl__g ) 21 (2DasZPb)

C

[51,(,5 (1-3) ( é(‘”’ ) ) +KS (2 ))
(e o))

(234)
LR BRI H TR bR S O AR, X HR KS sia a5 e, =
JENFTF MS R H WA AE . TR, XM Sk
SISl =y S/LIRVA O
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A RHRIR S R4 R B,
M) ({p pa}) (Hv ){c,ca}@ {sisa})) | {iza}). (2.35)

W THREHN (@b,...), RKEED TIRCH (). a R

?, XFATFEX RGO, AV 1. J. BESE-5 AIERTRA (c.5).

FIT T ) 2R ORI TR ISR 01 b BREEAT — > e (b) H T . X1

iHla SRR T, FAPRHEMARCH T 8 T, X —ARESE D TS
@ E R 2

(clyeesCiseesCm [T b1y biy o by) = Oy - Ty O

Ci m

(2.36)

EHTREEWIC, FATR AR m 507 A 6@ K I RIE-F 77 5

}Mfk‘ _<an ) ({i,a}|T; Tl {i,a}),

— [Mréill...b_p..bk-uam ({p”pa}>] Tn]a]Tb’:{akM::ll---d/...ak“.am ({p“pa}) ,

(2.37)

KHY i j T T, =T, T;; T =Cio Go=(N>—1)/(2N:), Ca=N,
FANHE d = 4 —2¢ HEmf 23 Pl 4EROE AL OR IE AL IR A1 UV 7;:%( d
YER m AR E S N

d/p;
i=1

(2.38)
AR G5 A AL T ML) . FRAT— R QCD A5 BUR ML
MS J5 %, SRR A REUET AT &
2.2.2 Dipole &[5 %

HATE % 18 QCD HFEITH AR, 241 j Wsh&E p; 28
pi=2A¢" HA—0, AT
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PiDPk _ PiPk n PiPk (2.39)

(pig) (pea) (@) [(pi+p)a)l  [(pi+pe)al (peq)’
HB2THARRE T A F R AT PAS R I-K X I

. . —_ 8mu*ao,
mita (oeeesJoee 3@y loesy Joee 3@y mita, =0 — - 5
1 2
XZ_Zm»“---<"';a""T”TK{ oK _ m]”...;a,...> )
12 P19 kZj.1 (pr+prr)g  2piq ma..

(2.40)
SFER TR RE i) — i+, BAIRERE m; <mi+m;. X4
AR MR EASTETT LA . RPEH > 3h &1 Sudakov Z%ifk, w15

K + zzmizj —m? pH

H—zp* + kM —

prmTR ST (2.41)
2 2,2 2 :

/ + 11—z 2pn

X HL pt R — g R Ty R, et RN R &L T
ki 25X B TR . RSB THUAAS BT &
k2 PLom
l—2) 71—z (242)
Yk 5 m—NEHHARNT, SETHELL X, 7T kL — Ak 7E A
T 0 MR RO R n L DX an st FRATT AT AT B 208 /NT IR A TTEk
PSSl T )

(pi+p;) =

' o 1 8mu*o
m+1,a...<a---7]7--';a7"-”-'-717]7"';617'">m+17a~~-l_>0ﬁ = 2 2
(pitp;) —ms (2.43)

f’;j’i(z,kl,{m};e) ...,i}',...;a,...>mam,

X ma.. <,i~j,...;a,...
XA m AR TR TR (mt) BT i A L B,
P (zky, {m};€) /2 Altarelli-Parisi Bf 2 s AN LR BIMEIL LR IO HE) ™, T2
e KT g, S 2 S5 TXHIRNER . Wi 5 i o Ak
B T ST ZLT R L A TR R MO m. B R B 2 LM SR A
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W ARSI R w B T SRS R T I, IC M. B
SRR EL X B2 a — ai +i T AR TR, k=4
I eiE . FRBAT AR T H ko — 0 BRI LA R

e K (2.44)
B Pa TR 1 —x2pn’ Papi= 2(1—x)’ '
XL (Mo |* 305K
mta (eeesdyee 3@y || ool ay 1 k=0
Aru*a, R ~ (2.45)
(pa]?, i < .|Pam(x ki; 8)‘ al,...>m5i“,
XGRS T ai BEILERST 2 5 i XTHREEE . EHADE xp,

(0<x <),
PAEFRADE At 58 mil 7 X8 A O SL 2 A O I 54 o0 fk . SR Bmit
S 2 LA R TESX Dipole pRi%L

Dijk = mll,osifye koo m|| 1, Ky M) @ Vi (2.46)

X HEAEFECR B TR, JAT Vi 82 7T 17X ) fBFR, X
BERATR T () F55 B0 T8 il AR S BORESRL 1. THIEIX
3 i PUAh Dipole pRAL, T —MHIAPIAER > T A REFAT AT DA AT
AN

dd"D . (2.47)

do* = [Z @,,k+{2® +ZCD‘”+ZCD“”’ +(a<b }

ki j i#] ki

AT X B TR RS (1) SHIAS (a) BOKES (k) 55 0 B
OLo JEPIA BRI 7RIS K (ai) 5ATS () BARIES (b) S5E BT 45
IORBATE e ARSI H (i) SRS ) 550 #) Dipole BR%L.

29



AR R A AR S S BT EAER

. a .
D’&j,k‘ . I)Z_].
Viik
a
Pat. PDaisb.

K 2-3  Dipole EXLHI 42

Fig. 2-3 Diagrams for the different emitter—spectator cases.

@ij,k (pla---vperl)

1 - -
— -<L”WUWWh”wm+4
2pipj

T, -T;
T2

1,. 'j,...,k,...,m+1> .

(2.48)
KW 1) 5 kAT E B =F 2N Q. m &R HME G2 Ik
e i XA Toh O BRI, X ESEIE k Woh R T . BATEXE
15 5 55 E 1A Bl VMR IEFE T S5 5 8 &SP E

ij
Vl] k

p=m, pr=mp, Q' =pl+p. (2.49)
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HIRREERT DN BT (A (x3,2) =2 437 +2° = 20y — 22 = 292) it

_VA(p+a)?phe) o \/’1(1’“1'2/7 ) 2.50)
g9 — (p+q)2_p2_q2 s Vijk — 1_“121_“](2 . .
A1 Lsh& pi .o AR IER
U A (@2 mifj,mi) p o 9Pk o Q* +mj —m, u
Y Pr — ?Q +2—QZQ )
JA(@ it ) @1
pl=0"—pj.

¥ = ARHMZZ18] do (pi, pj, P Q) S FBEFWIR Ao (B, Pr; Q) 5 B RAHZS
[ A1 [dpi (pij, Pr)]

do (pi,pj, P: Q) = A9 (pij, P Q) [dpi (Pijs k)] O (1 — py — pj — ), (2.52)

—142¢

~ ~ 1 —¢ 2
[ 1ap G = 2m) 2 (@) (14— - )[R (s )]

X / d3Q

Y+
X dyijx (1- yij,k)

y—

1-2¢ [ul_2+“?_|_ (1 —H? —,UJ2 _.ukz)yij,k] —¢

X /zz+ o) dZ;i [z+ (Vijk) — Zi]_e Zi—z- (yi-”k)]_s '

—Wijk
(2.53)
AN EE L5 FBR A

5=1-7=—tP = Pibj , (2.54)

DPiPk + PPk PiPj+ PiPx + DjPk

2pki, 2 (1 — )

y_ = L oye=1- : (2.55)

- —pr—u 1—p?— w2 —p?

207+ (1= p? — 7 — 1) yij

I+ (yij,k) = ( / k) L (1 + V,‘jV,‘V,‘ij) . (256)
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d3 2n
/d Q= orie 2.57)

KT Vi FAT 0 =g
Q—g(pi)+Q(p)): mi=0;mj=m;=nmg,
§—=0(p)+0(p)): mi=m;=mg;m;=0,
g—gp)+g(p): mi=m;=m;=0.

AT —2nLATRE] Dipole sR%L, K& H EF-3eREL (Viji) o X HLAY Di-
pole bR %15 55 2R B SR R I, EAERT 350t () AR L =5 1) ) AR
.

L E AR

il

(m)

Zi 5(m)

.1 .
=L U-vye), 57 =5%-

AR (s[Veouls") 55 HIiE-F- 311 Dipole PR
Xt Dipole ARl 2B G, FNPRFEHZEIRA L (€) B

(1 _vij,k)- (258)

| =

- - 1 o 1 dmu?
/[dpi<pij7pk)] prtpr =2 (Viju) = 2nr(1—e)( 0 ) Ljx(g), (2.59)

PR SRR 174 (e), SIVERMERY I (e) -

Lo (to, ti: €) = Cr [21% (g, e €) + IS0, (o, i €)]
Iog i (Mo, s €) = Trlgy . (Mo, ti €) (2.60)
Lok (13 €) = 2Ca [21° (0, pus €) + Igy (i €)]

BAIE AT € JRITEATAT A2 P15 B & 1 AR 23 Dipole T 19 (w;, s €)
. HE LA Dipole o £ty 4 n] L SCHRE
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2.2.3 DIS FrIBiH
FATAIHF DIS 1R NLO i 5 LA

NLO{m+1
pavpbuuF) _Gab s }(paap )+G

+/ ANLO{"’} (x; xm,pb,uf)]-

NLO ( NLO{m} (

pavpb)
2.61)

Hrps—102 (m+1) A 7S IR 5808 R vtk nTLARIT A

G;LO{mH}(Pa,Pb):/H [( dG (paapb)) ( Z dGaBb (Pa,Pb)@)dVdipole) ] .

dipoles £—0
(2.62)
BN BB IE SR, SR
Sy " (pas py) = / [ 46y, (pas o) +d0, (Payps) @1, - (2.63)

BTSSR TR T, S ES LI x GX. A
1
/ xS (s xpay oy UE) = Z/ dx/ [dcf’b (xPas ) @ (K 4 P)™ (X)}

e=0

“L [ s [0 app) £ ()

Ko () + P (x,p2) 1

Xm,afb<1,---,m;xpa,pb -,m;xpa,pb>

m,a'b

(2.64)
HRBAFE BRI do,', E h =R ARSI AL Dipole R %5 2H A1 i

do (pa) = do (p.) +do (p.) +do" (pa), (2.65)

REE R DTN LB AR T —E % 1 X T e A MR TR [, dog (pa) +
S dog (pa), FTLAFII LO i [, doy (xp.) HAF LO HEFETTARS

1
ny(a)

m a< pa“ >m,a' (266)
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Bl .

; ns(a')
FEXT x BUMEE] . X AR 19 (x ) KT EBALA TLfgds . @
far. it 5 QCD oA K REFH

I“’“/(x;e)‘ ...;xpa> , (2.67)

m,a’

! .
m,a <...,xpa

1 (x; 8,147, 123 {piymi}  pa) = 6/ 8(1 =X)L a (&, 4% {pismi} , pa) (2.68)
+PZ{a, (x; .u'I%» {pl} 7xpa) +Kz17a, (X; {piami} 7pa) + 0(8)

>k BT Dipole BUp Ty = F TRk 20
Im+a (87“2;{pi;mi} 7pa) =1y (Sa.uz; {piami}) +1, (Snu'z;{piami} 7pa) ) (269)

B EATE RS b BN 36, A BRI T =Rk -5
WEHEL, ARG BT {me) Bk B X— ST DAHEIY
S IE B R AT, B R ORI B TARAR BRI S b P o

7

XS ja

(2.70)

/ & pad' 1
P (x;,u,%;{p;},xpa) = 271'P (X)T_zsz'Ta'hl
a j

MEAF K 07 TR T HIT5y , 35 BT R 5 1E R T4 7 K .
X MS %, K& (x) 4 0.

O

K3 (s pomi} pa) = 5 {K (3) = Kigs o) = LT T Ky (x50, e )
J

1 : (1 —x)s;
e YT T, | P ()1 ja
Tﬁ/; ’ [ e (1) U= x)s

sja—2mj,/sja+m3+2m§ 2.
x | In + / .
Sja \/Sja + 15 +m;

(2.71)

+ 7,6 8(1 —x)

K P (x). P(x). PP(x) 5 K (x) [ UL ISR B
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2.3 KRRV

AREFRNTYE NG TEET SLAC (1 DIS 525¥;:, 2 J5EJH 7 QCD
PRI KR . 7E QCD LRI FALAESE R T R TS stk N
PDFs. %A1 S5 T 7€ DIS 1 Drell-Yan iR 8 # mi io H FAb =
X AASFATT A DA 4 Ry TR I PDFs. B 53k A12E—2 /44 7 PDFs
X O [T i) DGLAP J#Ak e . T H-Ferg BAR . FRATAT ARG
PSR L R B . AT TR R AR KB T A
ORI L2 KRR CS Dipole JilR %6, ANF &5 144 T Dipole %
R B R A LHeC BRI
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F=E MERMRBIFRE

AT 2 VT ST MG TS FAT ¥ eIl B0 T T S
PSS MR . 2, AT TS WA A TR
BRI P40 5 T S S0 < AR

3.1 %y

TR v 4 i B R AR TEAR T LA B AR 2. B P SR 2 ) A e
WA T AR O TR R . RS EA AT RRE 5 AR E DIk R 2 5 Y
GABMA T AN TS Je Bt . FER T T A s b, A
RS TS v A X

T v i SR g s 5 BE T HURAS 2 0. & ISR HUTT R T IR
MIATE], —fBERF X e s Sl ) At & e fUIR e B T i
T ye A8 PR vk, QBRI . FEMETTYA S 1deogram ¥4 1 “HEAL4E
M AR R 1 PA_E RS HEN R DASMY IR, s AR A R
A1 AR EL i

MEE AR, ROV R B ro iR i 1 MC R e, a8
RS EFR NS R BUR . 07, R TR MS BURAE 51
S8 SCI BT A E BV VTS ) 2 R Y o Q] LR 7 2 T 1) 22 S — L2 W
AN I

NTEFATE SR TR E . Z EWRIA H i LHC 1% yofii i
MR, faEgh H s e EaR .

311 TS e X

FESAE TS 5 o ) 5 S Qe s B EE AR AL T %5 T B R4
K KT B R EE AL A RETE— 8l QCD F, MHAERUERALTE d =
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4—e FFEIRA

iCra, 2
ZR(mRaP,.u): :n_s{|:E_YE+ln4n+A(mRapnu):| p

= l4 <§_YE+IH4TL') +B(mR,p,u)1 mR} 3.1)
+i[(Za—1) p—(Z2Zy— 1) mg] + O (05)

2

1
u
A(mR;PJ-L):Z dXXh'l[ ]_1
B(mRap7u):4/ dx ln[ 1_ )(m%_xpz)]_z

XA Zy M Z,, 73 R B S R B e WA, p o 2E
HALRENR. A 5 B X TSR p. FEBALTE me (K%, KT €. #1
MG T S0 (p) BEBALRILHE T ¥ (p, 1) A

oome S P = SR e o)

AT — T = A R R R 2 7E5C (on shell) T#AL T 5. R H RETE
P =my, R, HEX p WSTE p° =m;,, HHE

S(p) =

(3.3)

R
=0, o =0. (3.4)

ZR
Py 9 Plpe,

it

BN T % MS W2 HL Z SR U ~ ¢ — e + Indm X 784) ﬁﬁ'ﬁft FE5¢
HERALA MS ERAL S SR (p, 1) TM%@T?@I’F&)&E B5 MS i
i

SORS(p)2 p_m \ Y
pole

(3.5)

i

[A (mg, p, i) p—B(mg,p, N)mMs(H)].

SRs(p ) =

CFOCS

D —mys(1) +

AT A S B s o AR Al T IIANRL, T mmgs HH BE R AL A5 FLoe 15
Pt o XTI TE T X I 10 X R TR 1 T R, A s s ] AR
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myis 3 o BITEX (mygs 2 mygs (1) = o AL

My pote = Mygs (14 0.4244 0, +0.83450;7 +2.3750 +(8.49+0.25) )

= 163.643 +7.557+1.617+0.501 4 (0.195 £ 0.005)GeV (30

B o, = o (mygs) = 0.1088 . B 2 P REDRS J3E , 35 J5— T0AK 9K 45 I 200MeV
Tiike MR IET IEME M KA TR 2 B — %, T Agco.

T ] BE 0 B8 1E 40 AR ST R, 2 3 IR Renormalon, HLRIE
PRI RN TR K . MS 7 EI0FEAZ B, G KEN AT E
PE, BEAH R . AT SR RN, MS FRRETE 5T
B LE R B R R — AR, B EARE (as/v)" TERIBIE,
T A IR TR S B v — 0. ]2, SHEB AR, MS s —
N ER

TERK S A BOHE (SCET) HERL R, 4 T2 MSR it L. g
mMSR(R, 1) N FH ST RS MS i 8] [ T EEALAREEZ Ah, Bk
THRE R, 4 RET 0mF, mMSRR,p) BT AR, 4 R BT MS Fift
if, mMSR(R, p) SHA T FBEASER . B in— 50, MSR 5
DA B TR AR R e R

mt,pole = m?/ISR(Rnu)—i_amt(R;.u); (37)

B SR (R, ) % o 0 RBAR T LB B . MSR R BT R R
L) 5 5 S TS SR

TEAT it MS RIPFHERI ), 7E %5 SER 2 1) (A0 7
MRS, WHETE UL TAHEBL V5 ~ 2m, 7= oF B9 L. IR
SR SR 1S R SRR o A AR A SRS
10 = 1) Bk

mois =5 (S, 69
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IS Jotd i it it i s At
m[lS = My pole {1 o [ALL} _ [ANLL] . [ASINLL _‘_AZNLL} } ) (39)

X4 LL, NLL, NNLL ZEmisigk o] WoSCRkl™, HoA Ns ¢ Rk B FER
Tk, AR m ok H T ERETI TR

PR (PS) RN of JERTHE, ERRT R FRE ur 15T
Mkg e, W BLEAE T Renormalonst' ']
1 d’q

mpg (.uF) =Mipole — 5

2 )y (2ﬂ)3\7(q). (3.10)

X V(q) & if FEARHAE S B SRS, PS R IR BB TS —Fh,
EHE T AP AE RIS KT 2m, N o 7748 PS B AR S BRI 6 R o)

nipg (.uF) = My pole _g%uﬁs—Fu (311)
PS i 5 MS il (M = Mygs, 1 BUH mys) KFRN

Nf}

X L AR S H0E 5] 3K
Renormalon J(f5 (RS) i, @ i+ A Renormalon o7k 5¢ 42
BRI TR 5. RS Bri SRR X RN

oo

> IF(n+1+b—k)
Mirs = Mypole — Y Nullr 0 (Up) Y cx . (3.13)
t 1,p ,;) S Z 1 + b k)

XHMREN, 5 o WHI3CH. b WTAFIRA QCD B il b= Bi/ (2B5)-
{PS, 1S, RS} Jy SR TE 5o Bt A AL SCIRY v APU RIS BE 5 MIS ST A7
TR, ENTFBURRIAIE KUY {23,7, 11} MeV,

I, TMNA—TshsemE", WFrh IRaEbr sl BE (LS).
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SIA T ShREEIMTRERS . AN FR I 1 i1 S B X2 T H RE P2 s R R TR
EHIE XN

in A in ‘LLZ (‘u]l(qn)
mi”}m = My pole — [A (,ujlf( )] pert - [ ;thme +... (3 14)
16 0 iy
:mhpOle_?E‘LLf +...

I (A ()] o 5 [z ()] RBAPEFETTH BT (BT
B M7 I E S A A071E HQET), H =ikt A5 B N1 i
25, milg s,

B FRATTIE R T T e o R ) A L. IERNZ Wi UL, {PS, 1S,RS}
i A R ER . BTSSR S, %A Renormalon A
Mo FATX BFEESHE— T HEEAAR % 7 5 GEH %) Renormalon 7],

PERS BB e U, X TS s B340 B BB T QCD S g iE < H B RA
TR as EURTIT

2R (M pote » Mipote ) = Mypole Y, 067" (2bo)" 1. (3.15)
XL by /2 MS SRR & H BT —A B REGRE WTLEEIFE o By, R
A n! Brafe g .

I as Fonh B EEELA QCD BEbR A, FEF EAMRATERALHE T, K
TSR R TR ENEIE: Ampge ~ O(A). WL /ZE Renormalon B
PEo X—PEBTIEW ] T 5 5o 2 RAEAE) , AR ARS8 5~ N BB T
BIPERE IR AT DA BT B A RIERT, R 5 WA AR ORI 2 2
PR S B oo T S s A S AR i, FRATTRF EEE DL A &

T B e B A RO, — i/ Borel 2545 kb 3 -

/ * _ = t"
ZR7(1) (mt,pole 7mt,pole ) =cC mt,pole /0 dr [e ‘s nzz‘acn f?] . (316)

XT of SRS, MS REEITRETR, WRBE2 kK O(100MeV)
T S SR B e . S AT R AR R bR Ok B TR e, #6
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i SR AR R T . A2 SEREI L (NWA) I, 100
REEAY TS S REAE X AT 3R AR S tH Bl Renormalon,,

3.2 D v i i i ik

AE 5 AL A 00 v ot 8 (4 00 5 3k 20 A o I B A E
BRI e 4 AR B TS e A I Oy vk . O VA— ORI B T
SO RN AN -t S TR R E M, 55 RS AT
Bt O . IS TR NI A R TS, WIIAR K
LI 55 Ay /AL T 013 PR DR EL i 55

o ARAERY T v T R HE B R NS A I v, A
FEREAE: . SR (ME) 5 Ideogram . X ATLAS F1 CMS SZEG i
&, MEERIE R T BT+ B, 2 =Aisia k. X
SIREE RN GATRZE S RAE RS RIEF KA, 715 CMS
TEAN AR IR E B2 XU T8 0.73Ge VI X1 + i
R 0.62Ge VI X4 T2k 0.61GeVIT, ATLAS BY45 SRR K
h s XA TN 0.84Ge VU X 27 + A 0.91Ge V), X 451
0.73GeVPl, TH % su fARME T R R 4 SR — B R E A E A .
X R G R 2 SEATHRZE T I KNG , BT E 2R 800MeVE ],
LHC 570 7 2T H C & T 7TeV F1 8TeV FR M4 Al 25 51
YT ATLASE Il CMS 4 H B iR 25 3B7E 500MeV Z2 4507 I TR % v
JE B AR ZERE FE 2R 0.3% . TR RRIE m, I E#BUH T 5 K e
T, EFEREER IR E R R, XTHE R EGRKRT G
T E BT (S B SR T 2 S e .

o o SR EIAE] T QCD ) NNLO+NNLL A5, F#¢ ATLAS
5 CMS AR T weiii . HOYHIe ERTHRGE TAR E E
S, AR AR R R SRR A I AR . SRR, XA
RN RIELH 0.7GeVET | BELEHIARHEN SO BRI AR R Z
AHE LHC ARAs T, SRR R S PRI R iR 2 . 4
SMARTE W FIS TS A TR T NNLO [RS8 DO SE4L Ik
PRy BRI FARAR A T A R E
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o o j AR AT DA R I R T2 e i i, FLLGGE oF 1147k 25 A 22 %
my B RIBPET o X — 5 EERCCHRT e 5 ATLAS 25 (7 TeV Al 5
SoOUR o 1) Jr SRR A TO0S e i R R 2EME /N TR o SRR
THEREER, RSB MR T BRI T iR 40 1R 2%

PATR R SR m, (0T RO T 05 S AR P M i s sh 2 M o
R ENTIREPR T 2S5 RIS U TR, PRI 27 A~ R 2R
A RSB R R R A E .

o D%y A P E YIRS SO BEVE AU IEE(EAE LO TN AT AT 5
i IR AR B 08 % 2 1 Boost, CMS A 1E4LE B 8TeV R RYJIKE Fomiit:
RETERARAR I T S i . R BlGEITiREN 1.17GeV, RE
wEH 2.66GeVI,

 JRE TN + BT AR (my) BETEHE CMS RS 7 i
BRI BN T Madgraph I XFLE, #HE T5 A E S EY)
FRIEER . flr, CMS LI myey SRS T2 FOiR, X L
SMERE T T R R RBR SR . TS R G IRIEL T 900MeV
GiitirZEL 180MeVE,

o X my SRR AT ) i A TR T T S SR M 0 g 3 AT B
M PR T bb 5 070 ARG .l TR SO AT DA
A SRR RHE , AT TR T (U E (CR) R A SR iR
2o I miik H B0 R 5 RiRER MY m J7 5% R RCTR Wk
O R U K, XAITIRI ST REE D 900MeV, &
FLRFEELN 2 GeVIT,

© BUERT-TE T B U0 T DARE ORI 2 v i i . AR RO
AT EEET S, (st kT, F=ENS. WIS
i 1E R B SL6 % R 1) Boost J =B E IE R E L. CMS 5 ATLAS
N HIAE 8TeV R 58K TR0 H1. ATLAS 45 H W R i B A 4
0.9GeV G TTHRZE. 0.8GeV LI R IRZERM 1.2 GeV HLIE REE
ezl
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« CMS FESCHRI TP 7 —FPopr i I B T 5 s i i o v, B
T 0% vy I AR PR BB Sl PR T o M R B e R I
FH TIPS, ZJE R E TS S — NG TR R AR A
AR HE o X —ANAR ST m, BONRUR, HN SR R E AR R
FAR/Ne B AU AR T, T AT T T2 v 348 5 IS % T
TARIRAL, 2 — B ES BT 0.20 GeV FIGETHRZER 7135
GeV [ RSG5 1R2E,

3.1.3  PUEESR SR

[l 3-1 JE/R T %8 2018 4F 11 LHC X T4 5 Jot i I B 25 2R 501,
AL T A AR A ATLAS 55 CMS HZR G 45 2R .

ATLAS+CMS Preliminary My, SUMMAry, Vs=7-13TeV September 2018
LHCtopWG
------- World comb. (Mar 2014) [2]

stat total stat

total uncertainty My, * total (stat + syst) :  Ref
LHC comb. (Sep 2013) LHCtopwG 173.29 + 0.95 (0.35 + 0.88) 7TeV [1]
World comb. (Mar 2014) 173.34 + 0.76 (0.36 + 0.67) 1.96-7 TeV [2]
ATLAS, l+jets 172.33 £ 1.27 (0.75 + 1.02) 7 TeV [3]
ATLAS, dilepton 173.79 £ 1.41 (0.54 £ 1.30) 7 TeV [3]
ATLAS, all jets 175.1+£1.8 (1.4 +£1.2) 7Tev [4]
ATLAS, single top 1722+ 21 (0.7 £ 2.0) 8TeV [5]
ATLAS, dilepton 172.99 + 0.85 (0.41+ 0.74) &TeV [6)
ATLAS, all jets 173.72+£1.15(0.55 £ 1.01) 8TeV [7)
ATLAS, l+jets 172.08 £ 0.91 (0.38 £ 0.82) aTev [g]
ATLAS comb. (f‘j;:";;) 172.51 + 0.50 (0.27 + 0.42) 748 Tev [8]
CMS, I+jets 173.49 + 1.06 (0.43 £ 0.97) 7 Tev [9]
CMS, dilepton 172.50 + 1.52 (0.43 + 1.46) 7 TeV [10]
CMS, all jets 173.49+ 1.41 (0.69 + 1.23) 7TeV [11]
CMS, I+jets 172.35+ 0.51 (0.16 £ 0.48) 8TeV [12]
CMS, dilepton 17282+ 1.23(0.19£1.22) & TeV [12)
CMS, all jets 172.32 + 0.64 (0.25 £ 0.59) 8Tev [12]
CMS, single top 172,95+ 1.22 (0.77 £ 0.95) &Tev [13]
CMS comb. (Sep 2015) 172.44 £ 0.48 (0.13 £ 0.47) 7+8 TeV [12]
CMS, I+jets 172.25 + 0.63 (0.08 + 0.62) 13 TeV [14]
CMS, all jets v

| | | 1 | ‘ |
165 170 175 180 185
Myep [GEV]

Bl 3-1 LHC FT0i% v sl gy ia g5l 71,

Fig. 3-1 Summary of the top-mass analyses at the LHCW].
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Particle Data Group H Fij 45 H 1 10 % v ot e B #2000 5 F 9 F-3591E
k17276 +0.30Ge VI, 0% e A 55 &5 MS Ji & ] AR ES T A
VAT of BT EEE, MS il 162,577 :Ge VI, A S i 1724+
0.7GeVll,

X I S B s ST R R O R IR, H A PR I
o —FERENSNREAREE XRE, MVEEFREE. 2F
L TAEO W XA 58 R R A S R R Rk . B RZERAL
FILUH MeV F|—A4~ GeV 8], X5 H i B3 E AR TS 7 i R 52 iR 2
FHIE .

FAh—T5 T, A SCHR T SO SR ko L. TTIA TSR i 4
N E TR RS R I, H BT AN B AL T Y R
E SRR SR, NSO PRI EIS A EE. KB A
SR, T S R AR P ) () AR B R 2 B8 B I (O i T v Al S i .
SR BERUNY AN T S ) B8 B . WDASHR S5 Yol (S ST, AR R IUT B
TE UM S TR 2 P2 AT . TRIGAE UL A5 R X SE U B B 1 R PR T
T B AR R ) A A e T

BRI FEVEARA ], AR AR R D045 T2 5 o 5 0 o5 ol 2
FAAEDAT K&

my = My, pole + Om, = Am;, (3.17)

X Omy, 2 MAR B SSRGS, Am, RAEE. EARAZER
FTRI T S Om, ~ 0, JUE) Am, (T 50 FAUBIRL DA R SEBG 58, BEIR
INGIRTFAGRRIRAE R — B O(A)) . FERHAR BB ES KRR, om,
e SRR ERZER, Am, AR E R,

PR bt i S0 T % o S e AR ) 2 B4 AE TR 5 BT 5 Om, AR
XF Am, 178 o AN [F]SCRRAT Smy 28 H IR 25 57T A 200MeV A5 4L F] 700Me VI,
NHGEFE Am, 2978 300Me VIl Sy TRERfINE T 5 i, X PRt R
TR B R EEA ., R B S IR LN 540MeV, KRS
WRZELH T10MeVU !, BGIRZERIET SRy A1 FSRy . 6B
DFOREEE. PR R RGIRE EZOR AT TR0 HFEITIR .
TEERY. . SR TACSEEARN R P 225
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3.2 W yAT PR

5w AR /B EER 0 AW B <) LS NP VS SR RN S T E R N
o, DHCAERSE BERR B AR B AR B . AR0AIE (BFT) B —
MAEFR I DL N B8 R B o DAt XHEAL b T SE A e, 3K
AT NARSA I ITEAN T4 T B R s A 207 e e
B Z a0 pe MEGRIT T Kok SR B AR

321 fiEHmRra

KLY B AR AR R AR A28 — A AR (Y e RE B Y IR B A (A 2R
. PRHERIZAY A LHC SE R BE A& U RS 7o sl WL s e
PAFAEE —E R 22

I, AR MR . — R B R R bR R A
KL M ARIERAEA HOIE , X R IAR) 2 T A O i
PIBRALRY. o N2 5 AR SCE I B AR AR A 203718 (SMEFT). 5 Sh—Filsit
& H LN AAET R, B m fE R AT AT DATEAR BE T
ZMEARREATRL T, B AE RO T BT AR B AR, X
FEA T Y AT AR A T3

FMTPAIE G 1 AR TR se 0t (R i R A B RE EFT D53k, RBE—1
B, BT v, ZBE TR, TEwh e, By m. e
WA ARG . G IA—H SR EY S, HE MM, B
WSV E T |G AR AT AT H DA iz i

_. 1
Loy =W (i D)W +i(i D—m)t — ZFqu”v

1 1 b A
—(08)? — —M?S* — =83 — 8" — o7tS
+5(98)" =3 3° 40 81

(3.18)

XM Dy = dy+ieqrAy, qp AT, b5 MAE—NER, g2 LENMEG
W PRESE ITHPA SR TR E T f2EdeE . Bl AR E
B BLESS AT, REERIE MIin K TS i m fSLiagsE .
AL EhR AT S WM T e (8l J12E5F = A8k s/M> AR B 22
R 6
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XFidFE emet — 11, AV H s B EIRIE A

2
eq
Mpp=—i .

“9(ka) Yt (kr )it(p1) ¥v(pa),
MAEFZ B AR ER T S G IE, FRATRDRE T2 va 0 i 5 SO
I =y 4 8T*. (3.19)

XIS e R AR e BB AL R TS
g 1 1. m*> 4 q
o= ez (M o+ () )77

m* 7 2
+(lnﬁ+ —I—f2<q ))zo“qum]

XA 6T A8 T -6 T IR A S Bt TR BERLY,, fi B f> 2
KT [4m® (R AL TR 2 Xt B IR 5

(3.20)

2
M= Mo+ 0M = —i%\?(kz)}/uu(kl)ﬁ(pl)F“v(pz). (3.21)

WK H B R RI5IE, FATAIRAKF 8T Hl—MRAEA R eIk
TN ZWEIE BFT HhxT 1/M? BB, W] AR E SN s Rl IR i 25—
Frim_E 6 4R E

Leopr = Lo+ —ZC (3.22)

P BE e 2 CL I, FRATAT AR - sidn R S A5 B R AT
Q,=1tt, Qr=WF"iyt, Q3=mio, tF"". (3.23)
e ANEFPRIE T E IR AR ERL T S, BUH G = g%/2. 25 R

=AFRAE— B A, R ST . X HLY ) &Tuﬂﬁﬁﬂﬁﬁ%i‘ﬁé
PR T RATIIEE, X S8 BEIRIE M 5 AR S i . X R R S
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SEREHNE I RS

—ieq,6T" = —ieq, 6T, + %(—i)qz}/“ + %(—Z)G“qum. (3.24)
A0 BFT XA THR, SH— T2 KI8T O i—RBloTik, Hoppi
RHRPET Qan O3 IMETTIR. 75 MS &R, WA

2 2 2 2 2
8 g (1 wp 4 g (1, w7
a=%, o=- i ML DS AR, S i P
1= 7 eq’16n2<3 nM2+9)’ 3 eq’16n2(2nM2+12
(3.25)

HI AT A i, EFT J5 ekt mfEAR M AMIREERS m 73 BP0k R B T mfEdR
TR AR K (3.25) i Wilson R4, RAEARAY I BULE 6T, M. TiiiX
P L EREALREAR 1 AR, AESEREIRIE T ST

3.2.2 SMEFT Hige

BTN T A BN B EFT A A, it SMEFT AEZE I )
TE R ERTE FEFERERR A DA, FRATTRE B BEAA Y. i A A
KT A RO AR R . AR A S RIS FR I, mT ARG AR B
A L A

Nus Nas

C; b;
Lsmerr = Lsm + Z PQ’@ + Z A—Q@](-S) +.... (3.26)
i j

et rsec s, {00} m{o®} RET 6 dAn 8 g
S AP FEAF £ e T THOF I A S 1

3L F B LR B IUR SEME A, 7T A ] L0 5 A
Ko AEE R R, Wilson RACE E i 280, W h SR EURL . Xt
FHEWIE N LHC EAGRUSRIET SR 2017, 6 4k SMEFT SEAF0 500
AR B PR

N, N,
d6 I d6 Cicj

; i

Osv B VMERIR AT o FAT 3225 CP P IE B bR A2 3 A X BL{E
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& Wilson RN 254K

AR 0k B FREAT SARERIBRIE T, S o (A7) B L
T, RSN FEMTREMRER . H=1ET O (A™) %L
B2, SKYET SMEFT SAFHYF- 5 4kl «

H T LHC bRy T4 sa b i) AR AR i b 200 T[] & 13 525 5e i)
URAERL, FRATFESR 5 S a5 A TWRAFRME U(2), x U(2)y x U(2)as
AV

qi = (uiL,di) , U= u}},d,- = d}},
Q= (t,,by), t=tg,b=Dbp.
RFRAHRAE ZRINAELFE . FEWERT, S5T0E 50 X7
AT 22 A4,
PiH LL F1 RR FHEE5H1 8 A0 2 w555 )

(3.28)

= (OnT"Q) (@' T'a)  0g, = (O%Q) (474
038 (07 TAT’Q) (@r'T'7'q) 0y, = (0%T'Q) (3:7'7'q:) (3.29)
= (T’ (@7 Tu;) 0, = (Pyut) (@y" )
Otgd = ((y"T") (dnT"d;) Oy = (T7*1) (dinudy) ;
B4 LR I RL FHEERH0 6 D125 5045
(QV#TA ) (”i}’uTA”i) O, = (QV“Q) (’/_‘i'}/uui)
Opa = (OV'TQ) (dnT'd) Opy= (01'0Q) (dyd)  (330)

Ozgq = (YT q;) (fyT™) 01 (gi7"q:) (Tyut);
WA EE S e B (6 1) 8 NEAT
Obo=(07iDu0) (01'Q) O = (00""1) By
O = (¢"‘i1<7;¢> (FY')  £,0m = Q™) oW, (3.31)

O = (§1D,0) (71°B) 0,6 = (O™ ") 6L,

IR 22 AL AT FR — Ay, SCRRC IR T 34 Al TR
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SO RIAAT . H AT 6 ZERYIR DL, X1 8 4ERATRH i
SCERU b 6 AESEAT IR 59 A4S, SCIRU b 8 AESEATTE ok TR = AU O
& 44807 1~

3.3 AREUPGS

AR TG T XS e B MER BT . FRATE Bk TR DT R
TSRS X, R ATR. MS iR, MSR iR, 1S fiE. PSR
B4, Al T HE MR ZJREALESS T H AR = R U=
SRR, AEAREN R SHENE. T RGEIETIETIES SO )
BB, FATIE—E5IA THRSAR IR, A LW NS5 A i
PIANTTTHUEE A RO . AT RS BAR A EE T H i R R s A
BARSAEHESE, S 7 SMEFT 5T Foff 7R KAy 22 A/ gEar
(3 S R &S] R I 6 R e E U B S AR K
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FMNE LHeC FEMSRENERED

ARFERRATHEAT I RRAE RIS 1 L XL b 5 BT v ([ 0 7 AR
Bl AR MER BT . AT T IRIEL B QCD 211, I H A3 NLO
1B I AT DAY NIEE DX TR R TET IR 14 %00 FRAT] T B S FEAE S FE 1 X 1) Y AN T+
LI 43 1. FRATABLALE NLO & IE /Y 11 5 7T ARE TH 2 FOUL I A A
JEARAC I R ARE N, ARXHT S LO TR AYAREEAA E Ik L dhs T BB IR E
Ry . FATRE T g 1 i PSR 1 s R PR U e R Y Oy
5. HH NLO R RhREAE 52k LHeC S B 05 70 o BRAS BRI
1.3GeV, TMiTHE e G TRERINN 1.1GeV,

4.1 W™

RZUSETHL XML (LHeC) g CERN T iy 28 . B —A>
FriEn) 60GeV S R BRI L TR 5 LHC BsR TRRFATHE, 1 4-10R.
A S R T LHC RYFR - SE BE 2 IR F] 3000/, FirbA LHeC AR 7352
JEM R LATRE] 1005 Bb H BO T BER R, H e Rt Sk
ST AR R LHC REEHY X & n] DA SR AT SE 1251491 QCD 3
U AR TR T, TS e B VR A SRS

16 LHC ERTS i~ Ama s, t M We =4l XA a4l S

Wb TR % . ARZ B TAEMEC) TR e s . BiE
FEHETE LHC Hrm] AR CKM ARy Vbl ™= R I T0 % 3 it

IR AR RAR 2 B L), X LHeC, iy FL R B L)
BT T AR AE TR AR T B ALY . R LHeC T DARRfI—A>
ST RIS B T S AR PR O FAT T T DA A AR SR P S B A
M TS e o e SR TS A A B B

M3 TR ASE 2R FIRZ AR A R R, A E
PR T RANE . KRN SATT R I8 1 @ e MARIR TRk - 34
MR 2AE LHeC HyHLME X E] AL NLO 2 IER) & Mo, Hat—
AWFFE T NLO B IEX 0% 5 o 7 A Al s B A 5 0
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CMS
LHC .
<~ § North Area
oy LHCb
TT40 'I'I'4’I/
SPS
= 3 Tig 2
3 - ATLAS CNGS
LR LHeC: jh‘_% BEd  Gransesso
: [
RLA with 1 AD

energy recove

TTo 1999 (182 m|
\ i i - East Area
3 =
4
C2

K 4-1 LHeC @— DT Piyscss, i HHEHY 60GeV i B s BERY L 735 LHC
FR 3§ RGRHE . T R BE R I S g (L0 6) RS 7 R AR T XHENLIA F.
(B ORI &)

Fig. 4-1 LHeC is a proposed facility of using a newly built electron beam of 60 GeV or
higher energy to collide with the intense hadron beams of the LHC. An energy recovery
linac (in red) shown straddling the LHC ring.

42 LO & NLO & \Eile

AATEATGRA 7RISR E AT . AT BIERER e b — vl —
Vel Vb Fll e™b — vl Ve-bo BT (LO) 9 2 1 UL 4-2. FeAi it 3Ls
GRAT GoSam2.0U " IFI AT G RS RHES . FATHA GoSam2.0 5k
e — PR B IE SRR, 2 J5 6 Dipole iR TJ7 560 R M B SR i B e
WHIEA TR RSB IER . BrA DA EIX e g 0 S R AT TR 5 AR
J 2R S IO £ AT SRR FIAR 25 [T A AR 7)o

FAIHE ] SFS(S-Flavour-Scheme) 77 SR AL BIHI A IES e 731 SFS
A PASEBLE T R BRE 5 GBI IR SO 12011 s A0 I 7 AR B K
HESLEN R FER A . XV %) NLO 8T W] A DA R IE:
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MBI e S ST LHeC TN B A e G o b

4 4-2 LHeC EEATIE v/ KBTI R B e 2 o [ I3 AT A Al IX
RS TR

Fig. 4-2 The LO Feynman diagrams for the single top quark production with leptonic
decays at the LHeC. We also include the subprocess that has indistinguishable final-state
as the single top quark production.
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WATHEIE 4-3 IR THIASH b & 5o A e 2 1 . W FRISH b 555
(oA A BB I, AR R ESR . STTF IR b % e el i T 56
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W T D8

CD?i(plv"pr;paa"') =
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_ME4,ai<“"J"”’m"" jTﬁ,— Vj y Jyeeesat, .>47g’_,
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T0177 i 4o RO Y/ A 7 Vi RV R A "
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DPaPi~+ DaDj

X HL D WHEARZST1 | ARl T oy A .
AU, Df ATLATERZSIEFA b(b) FLERRMEM . T MV 2 A B
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Fl4-3  LHeC LBATH# a7~ E Sl 7B sl 2k 2 A, [R5l b 5 5.
Fig. 4-3 One-loop Feynman diagrams for the single top quark production with leptonic
decays at the LHeC with a b quark in the initial-state.
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Kl 4-4  LHeC FHATH# ik R TR B IER S, RPN b %5,
Fig. 4-4 Real emission Feynman diagrams for the single top quark production with lep-
tonic decays at the LHeC with a b quark in the initial-state.
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Kl 4-5 LHeC BTG a4 g TR Ay SB I g 2 I8, RIS NI 1.
Fig. 4-5 Real emission Feynman diagrams for the single top quark production with lep-
tonic decays at the LHeC with a gluon in the initial-state.
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KA1 U IRGUL BT 5105 vl ™ 2 PR 42 13 Tl 24 FBOCH B - GX
WG Y 1 DL o B n it i b BEARASEYE , ULBOR IR T AR 1
MUK . AEEbR R REIE m, /2, bV ALIEHIE ur = ug = m /4 E o I
br CH %) B85 BN BEbRIE my (m, /4).

Tab. 4-1 Inclusive cross sections for the single top quark production with
leptonic decays at the LHeC at various orders in QCD with a nominal scale
choice of m, /2. The scale variations are calculated by varying the scales from
Ur = Ugr = m;/4 to m;, and are shown in percentages. In the numbers of
cross sections the upper(lower) variation corresponds to the scale choice of
my(m; /4). Separate contributions from three subprocesses with different ini-
tial state are also shown.

’ inclusive [pb] \ LO \ NLO ‘
clrotal] 0.28173%57F | 02571557
c[b] 0.281 0.264
o[b] 535x 1074 | 5.18x107*
olg] —6.97 x 1073

42 R AV, BB e DX RO i -

Tab. 4-2 Similar to Table 4-1 for fiducial cross sections.

| fiducial [pb] |  LO | NLO |
olroral] [ 0.24275F [ 02053757
o[b] 0.242 0.207
c(b] 501x107% | 4.62x 1074
o[g] —2.95%x 1073

43 G A1, AT SR KR 5 A7 R S A A DX ]
Tab. 4-3 Similar to Table 4-1 for fiducial cross sections with more stringent
cuts.

| fiducial [pb] | LO [ NLO |
oltotal] | 0.13275757 [ 0.108 19147
c(b] 0.132 0.104
c[b] 4.08x107* | 3.63x 1074
olg] 3.71 x 1073
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Fig. 4-6 The dependence of the fiducial cross section on the factorization and renormal-
ization scales (Ur = Ug)
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Fig. 4-7 Transverse momentum distribution of the charged lepton with fiducial cuts ap-
plied at LO and NLO with a nominal scale choice of m, /2 and alternative scale choices of
my /4 and m,. The middle panel shows the ratio of the NLO predictions to LO predictions
(donro/dorp) with each scale choice. The lower plot shows the PDF uncertainties and
scale variations at both LO and NLO.

TERE 4-T24- 11 FRATRER T THRAS 2 10 5L 56 BL e X 0] S A A X
THR—F M ESAE AU B8R+ B /R 77 LO Fil NLO i
TR HGARIE me /2 B, AR EARARUE R m, /4 R m, . PR T A
&8 7 NLO i35 5 LO il 5 HY FUAH (dowro/doro) , HAWH TR Fhbs BT %)

59



AR S SEPUEE LHeC b RTINS 5w = A: () MEGL £ 40 AT

W RHTZ . TH S TR LO 5 NLO f§ UL N AR BRI ENE, BN %]
PALO 5 NLO "FEUm, /2 SRIEER 73 A1 N BMESEAT TV —Ak . ML X
KSR T 68% HYE AR /K-F-#) PDF ARfEN:. FAIH A CTI8 NNLO
PDFs!' ) 58 Z1157% PDF ZH7E LO 1L 15 PDF AffisEdk, 3 HLALO
NEUm, /2 BRER AT B R AT T AL

----- NLO pr = m seeer NLO = my/4 LO iy = my/2
[ e NLOpr=my2 = LOpe=m; —- LOps=my4 |

- He=Eme Me=my2 == Pr=my4 |

h . . -
° T — ..
. . . Ml |
0.6

T T T T T
1.2F PDF uncertainty LOuncertainty NLOuncertainty |

K 4-7  (b). RS AR TR IRPREE A, B S g B DXCTa) g R ) L2 31 Jj /s 1
LO MINLO 455K . i B D AR EEERRRE my /2, BRJERIAE RSN me /4 Fll my o
)1 B RoR T A AR EE S T NLO 5 5 LO HilH Z H (dowio/doro). FHp
17 7R 7 LO I NLO 1550 T Y PDF AN & MBS AN & 1

Fig. 4-7 Pseudorapidity distribution of the charged lepton with fiducial cuts applied at
LO and NLO with a nominal scale choice of m, /2 and alternative scale choices of m, /4
and m;. The middle panel shows the ratio of the NLO predictions to LO predictions
(donro/doro) with each scale choice. The lower plot shows the PDF uncertainties and
scale variations at both LO and NLO.
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Fig. 4-8 Similar to Figure 4-7 for the transverse momentum and pseudorapidity distri-
butions of the b-jet.
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Fig. 4-9  Similar to Figure 4-7 for the invariant mass distributions of the charged lepton
and b-jet system (M;-;).
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Fig. 4-12 Transverse momentum distribution of the charged lepton with the fiducial cuts
applied for different choices of the top-quark mass at the NLO in QCD.
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Tab. 4-4 Average transverse momentum of the charged lepton at various
orders in QCD with a central scale choice of 7, /2. The superscript (subscript)
corresponds to the variation with the scale m; (m,/4).
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] BRI A RIS R . SRR TP s B S R,
HF B 2 BOAN A G P LU T v B 2% 1GeV i R IS K . W DA 21 L
AR T e e 1GeV IFER R4Sk 1%, 17 PDF R EMEAA 2%, W
my 0.5 (0.2) GeV, K& Tl iy KA UE WA 5% (2% e SCrkt'™ ).

FRATVE AN Ze AT 3R P 1) Bl 1 ) T 05 o IO P O 56 R

m

(pre-) = (pro) + A GeV

X (pro) XtV BUIRE v fi i 172.5GeV B 2 T M. &
A (pro) ATPAFET3R 4-45 459155 H . B ZERBAPT AN (pre-)
PR T s i i . 2 R oRFRATTT A T HRHU 1025 v ot i A o
KR, BEIEFITREMIISASEHIRZE . A2 TR B SMHSEAR

—172.5|, (4.9)
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%45 AL TP RS BAEE, PUHRISETHRZE, BB
Wi v RO R . S BB 155 I —2.

Tab.4-5 Various parametric uncertainties, expected statistical error and de-
pendence on the top-quark mass, of the average Pr ,-. The parameters are

varied by the values in parenthesis.

| [GeV] \ S{pr.e-) |
PDFs(68% C.L.) | +0.0126 —0.0081
os(mz)(0.001) | +0.0034 —0.0031
mp(0.5 GeV) +0.0011
Statistical error 0.1341
my (1.0 GeV) 0.1225
fé 4-6  RULTH 4-5, XFoBE e X S Em SOl #Om R LR
At

Tab. 4-6 Similar to Table 4-5 for the total fiducial cross section. The varia-
tions of the cross section are shown in percentages.

I 3 N N T
PDFs(68% C.L.) | +2.50—2.08
os(mz)(0.001) | +1.87—1.43
mp(0.5 GeV) +4.86
Statistical errors 0.698
my (1.0 GeV) 0.950

BE e, B WEI A B AT RN Z AT

FATHE R 4-13rp JoR 7 T0025 v o ) B A T (FERE 172.5GeV 1Tl
). B KL B T 104 va & 172.5 GeV N (pre-) « /KPR BESR
RFETATTE (pre-) BIGETHRZE . XL _LIWE @2 E NLO X (pre) B9
WE, X MOBTIZ iR mE. fEEELM ATz RET
(pro-) £ NLO "FAFREEAR AL o $RHEUA T005 5 o B ) N P e e Tk i 2
BTN, ERPERISEMEELS. X THRIHRENREELLSEH
ARV SET RIS A W8 R A2 ST B TR 2E 1) 3 B 4k &5 2 Fi X A Sl ALK
LR XA 2, ATHITHHEBUN W TR RS HRZEZ N 1.1 GeV.,
PRIGIRZELH +1.3 GeV #il —0.9 GeV. HEiXT LHC |T0% v Jfi & B8
H AN E PEZ)2R 500-600 MeVE S JRIFEIN & m, (1R 25208 1-2 GeVE,
ZF HL-LHC, T B30 & i AN e PE T T v g2k 200 MeVE - pA

69



AR S SEPUEE LHeC b RTINS 5w = A: () MEGL £ 40 AT

S S AR T TS SO A . FRATRIBRE T m, A E BT BT
P BACE R 7L, F1 LHC R B A iR

41.0 T H H H
—— theory 1 1 1
—== pseudo — data : : :
theory uncertainty : : :
1 1 1
40.5F sta. uncertainty 100fb~* 1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
— 1 1 1
> 40.0f H H i
o 11 1
‘(_D. 1 1 1
= T e S
1 1 1 1
~ 1 :
= 1 1
- 1 1 1
E; 395 1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
30,01 i i i
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
N -
1 1 1 1 1 1
385 168 170 172 174 176 178
mt[GeV]

413 D% SRR TS (BTSN 172.5GeV). 5L NLO F (pr,-)
WE KT D5 s R R4 XM SR T (pre-) 6 NLO RIgAREEAR L. 7K
T FER AR T (pre-) GiitiRE . BHEMK BRI % 7o 5 R i 4
AHE M.

Fig. 4-13  Projection of the top-quark mass measurement with a hypothetical value of
172.5 GeV. The diagonal line is the NLO prediction on < pT’g—> as a function of the top-
quark mass. The diagonal band represents the scale variations of < Pr, g—> at the NLO. The
horizontal band represents the estimated statistical error of < DT~ > Vertical lines indicate
various uncertainties of the extracted top-quark mass.

4.6 LHeC L-It) SMEFT i

AFTEATHIFE T BT S 50 7 A ARl e T AR AR 1Y NLO 1135 % -4k
B Ut . MIBCT LHC M5, LHeC AT DA BY B T 2 7 7= A ol 4
P LR T AR Web A RBI LR . FATHT AR R Web Tk i
JF4 SM Sk ALEr ) BTk Al )
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Liw = =SBy ((Vip+ VL) P+ ViePy)

V2

ichvq, (4.10)
- (8LPL+ grPr))tW, +h.c..
my
T EL O AT AEAE 2 B 6 4B SGEAF Y I S8, pilant
I
5{Co05 " + [Cos 03+ Cos O3y +Cow O3y +hc] }, - (41D)

X H ¢ 2 SM HLE) Higgs “HAS. FATHYE X AS 3G e A
DU A RO 5 KT AR IR EI X ML R 34T R 2K

12 V2
oV, = EFC(M’ 8rR = \/EECIW7
1 )2 2 (4.12)
Vi = EFCW’ 8L = \/Ejvcbw-

XA v R EHA R, A ZET BRI SR AT AR RIER 2 W
B AR MR E MO ) Web B A REURR, Ble SO

o(X >Xo)—0o(X <Xo)
o(X >Xy)+0(X <Xp)

X X ZEaie Wil g, W Xo @2%E. JRATHES P& A
XIFRPEALSE An(b,€7), Ap(b, ™), Ap(b, Hr), Ap(¢~, Hr) Hl cos(b,£7). EA]
3 e S B B DX TR] Y AN N R R 2, T A 2 (E AN A
MIRZAE . 2R 479, FATRR TXFAX#YE A(An,0), A(Ag, 7t/2) Fil
A(cos,0) 7 LO F1 NLO M S HREATENER SM 5. Ei (F#R) #9722
A SR B TARBE A my(my [4) o BETTRZERAER T BB 52 R 100/ )
LR IHEARRR . W] AE F] NLO A& IEXTTAS [R 0 & H CEL 52 2
TE 7%-30% JEHE N . LO FIAR A& it T v AR HE. NLO T
PREATRE LN 1% - 3%, MR .

FATTAT DA 0] P B Ve F1 5 P 5 1) 0 SR X S M B A T 2 . AT

A(X,X,) =

(4.13)
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%47 AR B IRBUL B BRI BREE my /2 5% T2 RO 0 A
SRRPER SM il &5 . WS AR BRYE A(AN,0), A(A@,7m/2) Fll A(cos,0). F
b CF bw) BRI T hRBERERE mi(mi /4) . BEVFRIEIEAEIE T MBI SEE N
100/5~" 5L RS S .

Tab. 4-7 SM predictions on asymmetries of various observables at both
the LO and NLO with a nominal scale choice of m,/2. The numbers cor-
respond to asymmetries A(An,0), A(Ap,7/2) and A(cos,0), respectively. The
upper(lower) variation corresponds to an alternative scale of m,(m,/4). The
statistical errors are calculated by assuming a total integrated luminosity of

1001,

’ Observable \ LO \ NLO \ statistical error ‘
An(b,t7) | —0.374.9 | —0.4117900 0.006
Ap(b,t7) |0.4207550) | 0.3887000 0.006
Ap(b,Er) | 08055 | 0.74670015 0.005
Ap(¢~,H7)| 034675 | 0.292 700 0.007
cos(b,t”) |0.419 500 | 0.548 001 0.006

i J] MG5_aMC@NLOU W54 7 BATH 25 5 7= A AR B % 1A i A bk B
Y3 LO sapk . FRATI(E A MadAnalysisSU 04 7= Rl FRATTE
BiA SMEFT@NLO! “HESE T/H 3L Wb {5 240 6V, Ml gr WI5E, 3 HLEK
WA A R0 SR B A S BRI S 06 S DX 8] A R AT RN Rk — 25

WATFESR 4-8H IR T X T ARG FE gr M 8V, 7E 95% C.L. (EAF
XME) FRTUIHA R . X HEEE T 20N E TS, BRI —14
WA R 2 G R B AR T BN G FR I A(AN(b,£7),0) Ml B S5 H
FATTE— 252 BT R S 2 v S AT AT N X AR PE I Y 3% A SRR IR ZE
R ZASE EIS S T LO FIH i oTEk 45 & LO 5 NLO ) SM Tt
Wk, HASNE T hR AR O o

SR, FRATTA I NLO i 5 o] AR T8 B 295 . iX—J7 1H
T SM LTS ENAE, 5 T AR E AL, AE
LO AL AR BENf E PERG IR 0 R, X0 A S 5 o DX TR AR T A5 21 1Y g
YRR TRV . AT NLO il 515 H AR {5 . AHE T #m
R, ARFRIE A(AN(b,07),0) X gr ML ELRGSS o X T AR A5 2) %
gr WA, BRIEARALAY S LU R FR PR DR K . FRATT R R AT B 45
522 30k T T . RATH LO NI FREEAR LR F S X 6V, Al gr
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% 4-8  BUIRR TATROR A 28U gr M 6V AE 95% C.L. FIILIAENEH, X
WAH 7ML TS H AR OSSN RS B8 2Ol x 196
S HEHE X )G %5 ASXRRPE A(An (b,07),0) MR . SRR
FEXE T BB 5210 1005~ W50 F il 810 . A1 — s 17t
TS R DX ] S AN RERR LR 3% PSS AN Tk -

Tab. 4-8 Projected bounds on the effective couplings gz and 0V, at the 95%
C.L. using different theory predictions by varying the couplings one at a time.
The bounds are derived from the measurements on either the total fiducial
cross section or the asymmetry A(An(b,¢~),0). The statistical errors are in-
cluded assuming a total integrated luminosity of 100 /5~'. We further include
an experimental uncertainty of 3% for both the measurement of the fiducial
cross section and the asymmetry.

’ \ LO \ LO + scale var. \ NLO \ NLO + scale var. ‘
gr(Cror) [-0.047,0.041] [-0.236,0.138] [-0.039,0.036] [-0.057,0.050]

gr(AN(b,07)) [-0.083,0.062] [-0.083,0.062] [-0.060,0.051] [-0.071,0.059]
OViL(Cror) [-0.0086,0.0083] | [-0.034,0.030] | [-0.0073,0.0071] [-0.010,0.010]

AR BRI G | SCR AR LT AR . A REZEFE ) () Y SE g 2
HEDC R H AN TE A —B . %, FATHIXS T gr £ OV #E 95% C.L. FHyZEE
43R [-0.057, 0.050] 1 [-0.010, 0.010], X He24 3 3R I )2 NLO [ SM i
BRI TS 3T HL-LHC, g BUBEETE 95% C.L. 12 [-0.05,
0.021", (L, # LHeC EXTTHE & R4 gr WM LY %55 T HL-LHC.
1 HL-LHC |-, 8V, MU TE 68% C.L. & [-0.036, 0.036]1'1, kAT
#] LHeC Hf2 HL-LHC ] DA% HXTT 8V, BRI 29 .

4.7 ARRDE;

ARERANE/R T KT LHeC LTS = E LR T AR S fE
QCD IR S 3k B8 TE U T MES 2P 5% . NLO #1555 T Dipole 3% 7
VR ETRE. BAIF R T e & AR R . NLO B IR/ T
i 2T 5 8.5%  FE— LAY SLIREMEDCH] A, NLO & 1R J/N T LA TH
ik 14%. AR T R TEMAMMTIE . %18 T NLO & 1E R S A
A3 B TS AR AR B AR A B 0L R R R T AR RS M. PDF R 1
AEFAT AR T NLO FIAREA M, X e T % [E iz 8 X [a] .

AIETF I, FATHEE T8t v AT P30 ) 8 SR R BT 5 e o i
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M7 % TN R PRI 5 e T B A SE TR ZE BN 1.1GeV. i TARE
AN E PR BUN B A & PEAE NLO T HUINZ +1.3 GeV il —0.9 GeV.
T A ST IE S AL, RS SR AN PDF 5 B AN e P2 il 20
9. B, FRATBFTE T I0E o R A 142 9 NLO B 500 1538
PERRY . FHERT LO MR, R A NLO Bl i O T~ JRA13RA5 1
SR Web RO & 2B gr T OV, LS. FRATHOTXET gr A1 OV, 7E
95% C.L. "N iR EFHI 21543 B2 [-0.057, 0.050] Fl [-0.010, 0.010],
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$AE LHC LTUSREMTHENERFESH

WMEG 25 G R B ARMERIAUA 3418 (SMEFT) J&— Ik &R0 5 T FR 55 Be s
PR S HARREMER M BT B . ARFEIATET CT18 &)/ HrieZ4ent
S XL _E A T S 0 7 AR A 6 SMEFT 1) Wilson 5445 PDFs ##47
THRAEPG . FRAT BRI v Jir i i FEHL A S 5 T8 5o Xy AR A R 1Y)
WUANERGERT, 158 T RTIEFET YR ) BIE o ras R, RS20 T
2 PSR EAE 68% C.L. R m, = 172.5870% GeV,

51 WsWr

H B R AR XHENL (LHC) _E3%A B3 K U (NP) 4 . X
& BB RERR AT BERE T LHC ROHRIEE 7, [RIR S S 1 3 4R
TERLZY ) i 25 O [E) B2 AR M P BER T B . Qe B M PR BB AR e KT L 55 fig
Fr, AT ATEAR R A RO HEZL T X SM P 2 21 T MESR 9T . 7E
SMEFT HE 28R 58 1y BN, AT DA 8 4 AR SO6T B 1R 458 1 3 e s AR
Wilson R2HCEHIIA.

J T MAFIX L Wilson R, FATFHFZEES G LRI & SHEE TS 4R .
KAV XHENLEE By BozdT B R 150671 R332 B A B (A5 3R AT vl
PAXT SM A TAS AR B o X0 B 6 B B S SML BT R 1P B 13 5 L B
THE R 5 LB gs R VT RS B o X AL b i = A= A m mT DA Bl 4 A
TR TR HhEa FREE CE S TR, S8HT 5%
T4 R (PDFs) 76 . 2GR X ERETTRS 101 R EsE
SRS Y/B2iE Y VAT OIS AV G T 7 B b AT N A L i Al 1 e s e FA
b, (A1 1Y) PDFs 2 803 HO B i w22 . ik el 220 7 228 7
Ffte —FhZRix}) PDFs B4 A4 e £ %) PDFs FUF LA AT %
H CTEQ &EA IR A5 8] E—25 KRl 5 —Fpy 222 BR il PDF fi
A7 S0 0 S 1Y B B DARF IR AE B BRRL Y Y 52 i e/ Mk I R R sk SUZ
2P JAR L % PDF S50 .

X} PDFs 1 NP [ $UL40] DA RIS B H 367 (LM) 5 ik se gl
i NS EUEAT A AR R ) R PR R AR SR R (X %) KT AR K
FPEINAS , H LM AR TR 2 2 784 Ry i/ IMB AR I A T AU T Bkt
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TSRS I TR AE R AR, Rt LM 5 b T A KA
R E o S FRATI B AL 7 > R 22 2% (NNs) R s flR e sl
x* %t PDF SEUCH I AT DA NNs #EAT/H5, X PRIIE T %) PDF S:40%5 [i)
PR R - FATIE— A RS 5 | A E R SM R A SR, AN
Wi o SRAHEAE A SRR, LA SMEFT Hif) Wilson R, A
/15 CT18 QCD 4= f/y A JSURY I AR I T TS se i i, R8I 5T
FOXT A I 7S HE AT R IR

5.2 S E AR

AT E BB G 4R i BT R SR B4 . A CTI8 iy kv
A 7ok BT DIS. Drell-Yan j=A4: . Ti% sexfMIBHE L AR 39
IR WAMRATIE— 5] A TR AT LHC 13(8) TeV KT THE3eX 7
PEAEEE, PAK Tevatron Fl LHC b 56T 10 v xof A SR A A .
1175 TERHT Y e 26 5- LRV R TS SO P AR R BT AR AR . A
() CMS 7 19.7fb~ (N=T) PR EETEF AT AE R MR b T 84 CMS
1 19.7fb7" (Ny=16) RS . T2 B4 A Bk r iz sl 8 i
il .

51 RRsr BRI P IS R SRR . Ny W) 1
A B PIBi SR AR S CMS 8 TeV (N, =T7) MBI T 15t
CMS 8 TeV ( N,=16) Ml eI b7 1 o

Tab. 5-1 Experimental data sets on top-quark pair included in the global
analyses. Np¢ indicates the total number of data points in each data set. The

starred data set are only used in variant fits to replace the counterparts in the
nominal fits.

] Experiments \ V/5(TeV) \ L(fo~h \ observable \ Nyt ‘
LHC(Tevatron) | 7/8/13(1.96) | — 17 total cross section [ ~171 [ 8
ATLAS 17 8 203 1D dis. in pr; or my; 7] 15
*CMS 17 8 19.7 1D dis. in m,; [200] 7
CMS 7 8 19.7 2D dis. in pr; and y, 01] 16
ATLAS 17 13 36 1D dis. in m,; (2071 7
CMS 17 13 35.9 1D dis. in m,; [207] 7
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LHC L) ATLAS F1 CMS G/E4HAE /s = 8 TeV FllE | X TT%
SO PRI AR 22 B A A RN S B BT . R TS Rl A TR A R GE T
KM, FATOE ATLAS BYFEO0 T A2 [R] It A UL &2 ) Ao X
ATLASRRIF5E K 20.3 fo 1 ), FRATIRIIN SR T T8 Se b A AL o
ffi do/dm; IS Ykd [} SR 01 do/dpr,, "M HEH 8 A 7 44K
Paaio XFT CMS(ER 452K 19.7 fo~! BHET, AEFMEM A HIRATRA T
JA—ALHI X3 340 (1/0) x d*0 [dpr,dy, B EEER . TEAREER LG,
T CMS IH—L 731 (1/0) x do fdmg " EEER . pr, Flmg 53
iR AAE] T 600 FiI 1600 GeV,

FEFULAE 13 TeV I FRATIERE T mr 7010 UM R me XIS B
PSR, X T ATLASU™), 0o A AE 2015 1 2016 4EREREE, FoAi 15 1E
(R T et e + WY R AR W AR SE A 36 o), X CMSE,
LR 2016 4RGORAE, FATH BH R TS 5ex DR 122208 (W MR
SyEIER 35.9 7)o IXPHAETELL myr BN SR A T M2 3h2 X ]
XF R R AT 7 A X R

[300,380,470,620,820, 1100, 1500,2500] GeV. (5.1)

A4 J& T 7E Tevatron Fl LHC 7/8/13 TeV b3} Mk i, —3t
8 AR . BARTS, FATSIA T 2R B T DA SL50 20 1) Sk T i =
50 AE /s =1.96 TeV 1Y) CDF fil DO [ sCg i &L, 75 /s =7 TeV T
) ATLASE™ (e 58) Al CMSU CRUT-E) I SCEM &, 7 /s =8 TeV T
() ATLASU” (ep) i1 CMSHT (epr) 19 SE56 I &, PAJZAE /s = 13 TeV 1Y)
ATLASU T (epr) F1 CMSU (en) By SEBGIN & o I EAE BEALT 2% 2 8% Yl
P, o ATLAS 13 TeV Il S84SR R 2%, 1 DO W H0k5 R 8%.

5.3 Higi

AP ] AR SMEFT HEZLR A7 84ckH B A0 o FATTHE B 1] Jost
ARICZ B FTRR KT SMEFT SEAFRY N A . XFT SM i 25 i ASE T SM
T RO BRAE A A B ) i 4E AT H R DA T SR . S BEAYHIL IR PR il DA
52y SM BT MK T A JEITH T X LY A Gl 2 B PR RS, —
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=

AR BB KT I REAR . FRATHRIT O MAHEEAF, C At fg
T UV B3 Y Wilson %0, FRATEBGX B BB NS, I HA%
R T 6 HEEAT.

M SCHR I 5520200 T3] AT U(2)g X U(2), X U (3)a WEXTFRIE.
BCAE Warsaw LUV R 24 T 22 AN T4 SO0 4 00057, 6 EFAT. Rk
R, TR RS S TR S T A 5 R A DA )

0! = ;(fyut) (7" u;),
3
0,,= ;W‘t) (divuds) (5.2)

O = ig; (037" T*t) G, + hec.
2

cmzﬁ@%W@HWﬂd
EH w, di A THW. Qi H i WA TS R _ES. t A TS5, K
IR T G, =C)y HFa ZEI 4. T4 R /R 2R ™ =3 (r'y —
YY), ¢ REEIITES. G, BRTIMmKE. ¢ AMmMAEEL.

PA_EPU/S SMEFT B4 fie 288 2 SRR 5 40 A 7= 2R 52 o X 148 8 R

&, #E QCD ) NLO N1 50 MBI Tl 5 65 =00 ARt B ook |
Wilson RE—RKIoTEk 57 I og ik X B AR RS Dk 5 4 3 S
—RIKVET SMEFT 5 SM #RIBIWF#5 . X TRATERGESF C, &, X
—IAYAE QCD MR GLHT T A 2 vk 5% =Wk T SMEFT A7k IR
O, REHA A NERRIEIRT, (BRSO ARSI EEAEH .

%52 MM ERERPLR TS

Tab. 5-2 Theory calculations for the corresponding data sets.

observable o SM QCD SM EW | new physics | th. unc.
tf tot. cross sect. | my NNLO+NNLL | no NLO Up g var.
tt pr dist. mT/2 NNLO NLO NLO Up g var.
1T my; dist. Hy/4 | NNLO (+NLP) [ NLO | NLO LLF R Var.
17 2D dist. mr /2 | NNLO no NLO no

e 52, FRATES T TARRM B AN . RATRM T 5 CTI8
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NNLO &2 E T A s e o 3l

TESLTRATTHRF IR SM ok Al NP stk pd i B 404y, SM A T4 s st
FEAR R ARTE 2 Top++ v2.00 0 AR Y . k28 BT S
T QCD {9y NNLO & 1E A1 NNLL B B3I R FNRAY o 48k T % T 25
e TR RO g AR AE N . FRATTEA % B B EW B 1, FEAE
SNSRI

XPT LHC _EARMEBIAL rh T8 st 7= A i 3l o4 A1, IR T QCD R
NNLO B IE TR LRI, A FE 2 8 ) rasTNLO 22 L sg gl =11,
NNLO i 5 X 10 b Jox 8 i ACOS  aot e R PR 1Rl Lo X 221K -1~ MaD-
GraPH5_ AMC@NLOV " 3151 NLO Fi 5 58] . X 42 Ak FASTNLO fJ NN-
LO g5 W EH B B NS 7. KT pr Ml ms 43100 EW BIEEFE
SCERE R, X BB R T BTA I LO EW (O(aat), O(a?)) FII NLO EW
(O(agar), O(a,0?), O(a))) B IE . FRATTE AL i X i) i A8 1) e B2 KA1
R EW B IEAHE T 8519 NNLO QCD #i & e 6 T XU o3 411,
EW & 1E H Al AR E . BeAh, T va XA ot & 0 7 e T 190 7= A DX 3
SHPEIET QCD M FE OB IE, XiasiEk al gER AL, BAHE
QCD R4 F (NLP) K5 R o ks TEra Ml . RSB IE S B
AEE, Bt LHC 13 TeV b mg 5 — iz sh2# K R aTH . 76 AT
FET % v i B A AR E LA, BRATEIE TS 5 7 Sckl
BRI T B SR ARG 1EFH-KF M AS IE A — 2 Ry RIS A 4

TEFRATW I HETT B, S HE AR R AR B R 2 BCH A R A {A -
Ur = Ur = Hoo XTTIRETERTTA: , BUERRE wo Uy

Ho = my X‘Tﬂ:/é\%‘zﬁu

By = sz ~ T pr, M1 (1/0)d*0 /dpr.dy, 5314,
H. 1

‘LLO = TT = Z(m]"t + mT’f) X‘—J‘:‘F‘ s éj\%lﬁﬂ

XHL) mr, =\ /m+pr, Ml mpy = [m?+ pp; 732 T S A0S T2 Sy
ARl

T oo 7 AR A B AN B S 1P 10 1ol o E R A s R P 1A BE A 3
HRIRF pg = Srito T e = Erpto WU T 172 2851 20 HLASREE, X500
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B OME, HEAMNATAATENE Sy, 1 6y HILAT 23 0E X

Oi(ér=2,Er=1)—O(&=1/2,r =1
su0) = SEEEIE R 6
Oi(ér=1,Er=2)—Oi(&g=1,Er =1/2
() = HEELETA =L e
XA AU B T, AN R340 11 X)) AR BE AN 8 PR A R 2 A
FKIRI) o AERL A T FRATT A A X A UL B A 5 S IR 25 A
SRR TEA.

EFT BAFXHOR B STikoRs 5 21 T QCD i NLO , F A1 ] Map-
GrAPHS _AMC@NLOV ! fil & EFT F#IP) NLO #2740 15 5] e 301 571 ik
AT — 2P AR S T PINEAPPL 2 1101 pL 7= L AN T PDFs {5
BB R . W TR A7 27 4 24> Fk B HURE TG Wilson
FPOMSE M . AT DA VATRAT AT RAVER HL U 15 AT Wilson
F 4% PDFs BB TTHR . FRATA 5 RO IR T3 B B R o
PSR BEAZ AL . X BEROV B IR EE, W IRAT AR Wilson ZR A4,
AL HE e . SRy T F A S BT B P 5 o SR A X A HE AR 2L £ o
BT F s, FATER 5-19 @R T KT CMS L5 8 TeV (19.7/b7")
T SR 7= AR AN T R SO B IR T TRATTHE R B
R T AT RRERC, = Cly = 0,5, 10 ZFPiE LB A BT & myr 4345, R R
JEIR T =R SARERC L F . & U PDF i CT18 NNLO
UMl TRETCHRE N 172.5GeV, A=1TeV.,

5.4 X BAVSR R B TESE

AATIRATIE 1 22 0 4% (NNs) FIHILAR 2 > X 22 2 285055 1R _E x4
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Fig.5-1 Distribution of invariant mass M;; of the top quark pair production in CMS 8 TeV
(19.7fb~1). The upper panel shows three distributions of M;; with Wilson coefficients
choice as C}, = C!, = 0,5,10, respectively. The lower panel shows the ratios of three
distributions to SM distribution.
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Fig. 5-2 LM scans on m, . The black and the red solid lines represent Ay? and Ay> + P
respectively. The dot, dash and dot-dash parabolic curves represent the contributions to
Ay? from individual experimental data sets. The blue vertical dot-dash lines indicate the
uncertainties at 90% C.L. determined with LM scans by requiring Ay + P = 100.
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Fig. 5-3 Contour plot of Ay? on the plane of m; vs. ay(Mz) determined with 2-D LM
scans.

SR R/RAER 5-4f . ATPAK B ATLAS 13 TeV Bl i 7RSI,
1M CMS 8TeV FHii 45 LI 2 fe 551 . ATLAS 13 F1 8 TeV %t 5 A48k i
SRR T D BT my AN SE PR B A PS8 — S . AR
FATHEIH =4 CMS Fdlade A W ON TRMEU S, 53—A> 8TeV myg 7
T AR ENTHY m, A OE S HABEER A LR 3GeV PAE, H
se AN ETERON— 2. FATFI AT T FEORMA OB R . e
{153 ATLAS F1 CMS 13 TeV B m, SAELGEEN T2 1 GeV, Aid
ATLAS Hil CMS 13 TeV [ Z2 5 RIRAFAE . FEBLTTZG H 2% T 8TeV 17>

%% 5-3 2 RARAFINAE 68% C.L. FXF m, i LM £ffigR

Tab. 5-3 Results of LM scans on m; at 68% C.L. with various conditions.

setup nominal nominal nominal | PDF fixed no the. unc. NLP
os(Mz) free 0.1162 0.118 0.118 0.118 0.118
m(GeV) | 172.580%  172.5870% 172797095 | 172797000 172717073 17312747
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Tab. 5-4 Results of LM scans on m; at 68% C.L. with individual /7 data sets.

individual | tot. cross sect. CMS 8 ATLAS 8 CMS 13 ATLAS 13
m (GeV) | 173.657132  168.1175% 173.64718  169.73713% 173.037078
individual | CMS 8 (m;7) CMS 13 (NLP) ATLAS 13 (NLP)

m (GeV) | 168.317357  170.5471% 17414793

Individual constraint on m;
I | I I | I I I I I I I I

J { ] } }Unib“-"»"aw}%c_}é
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3 170F [ .
S ]
& 168 § a=0.118 -
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(,}0

K54 WEwREMEGERNESEE. x lRETICRANEGEE. friofiizs
B AR T OB DA BT LM D7 Al 68% C.L. AN E 1 -

Fig. 5-4 Summary plot for m, determination with various conditions. The x-axis repre-
sents the 17 data set we want to study. The marks and error bars respectively indicate the
central values and uncertainties at 68% C.L. determined with the LM method.
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Fig. 5-5 LM scans on C}, /A? with the nominal setup (upper panel), and LM scans on
C!,/A* without theoretical uncertainties (lower panel).
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Fig. 5-6 LM scans on C,Sq /A? with the PDF parameters fixed at the global minimum
(lower panel) or not (upper panel).
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Tab. 5-5 Constraints on new physics at 90% C.L..
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Tab. 5-6 Constraints on new physics at 90% C.L. with individual data sets
for tf production.
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A3 MTAR TR 2545 HEDN), BIFE 90% C.L. R Ax® +P = 100, il i ixX N EN], 4
Jey X% RO R B R B ) 2 AR T R B SEAE N . MSTW 31
M TR S EHEN], A& PDFs 5 QCD S4UA e M. MSTW i
W5 CT18 MW = HAEW N A . MSTW A5 4R x* ik, H
X FRREIE R ) 55— Ry SURIE 2 R/ MERH T TIH—1b. TEAE
REAFREIRER &R, —BRFHEG AR T AR I AR E 4L
[ AVETEIC R . LA TP B S BR8P, B —BCR i
WIS EAUSHEN] o XASHENE T7E Ax® = 2.706 £ F 153211 90% C.L.
FIAERE M. HAMBA FriE ) PDF (5B ik, EFEUE A S R: PDFs
FRA—RIIFENLSEL . XS Ax® = 2.706 H#EN 2S5 G RSN T
AR 4f PDF G2 8RN E 5 T & Rl G . RATER 5-8rh i
T3 AN PA_E PO A SRR ) Wilson Z2 UM HORH & 1

B B bR D R 2 AR T U OMERT 90% C.L. FHIAHIEM:, K
TR AL JE&—Fh Wilson £4k. FIPAF 2| CTI8 A1 MSTW i N 2 /= i) A
e PSR 3, X5 Sk o PDF RHf s MR 25 R 25400, T 3
IS G T R ELE T BRI, XN ZA5 3 B & %
(UCHEITRAN T B E R —2F. CMS SZE2H 28 B 45 R TE 95% CL. F
N CE /A% € [-0.3,0.36] TeV=2, Abfi1{fi I f) /2 LHC 13 TeV 1R T % 556
T AR AR R ) Bl o, BV R 139 fo 10T, FRATTI BE eSS
TE90% C.L. T4 [-3.2,1.8] TeV 2, M Z FHRANGEIM LR 15X
B TIRAT 13 TeV MEHROUT T3 BE200 36 o' kA, I HIRA16E
K CTI8 ZA45MENT A @S BINEH s, XSS EEE A Bt rfs
AR . HIK, CMS Zr % i 1 = A= #Ta H Wilson RELL M, AT
AR AR SMEFT SE# vl £ 203 7 k. T IR IR 52 A

92



EGE A A I SR LHC BT o™ A i MER 220 A

I, XS MIRITRIUY) R W T R Co/N, SCHE I 4553
TE 95% C.L. FH Cg/A* € [—0.68,0.21] TeV 2 . FRATTE 90% C.L. F455HH
Cig/N* = —0.107030 TeV 2 | BIER M.

Wilson coefficient at 90% C.L.

LA N L L L L L L
—_——
—_—
cLineF 1
—
k = |
CHIN T . - . 7
—e—
Profiling
—-
Cig/N2F P DAx*=2.706 -
HH  MSTW criterion M
4 CTEQ criterion
e b v v b v e b v e b e by g0 |
-3 =2 -1 0 1 2
Tev—2

B 5-8 ORISR A B ME I Xt Wilson REALIR . dric 5 iR IR T O
{E-5 90% C.L. I HABAE 1

Fig. 5-8 Constraints on the Wilson coefficients with different tolerance criteria. The
marks and error bars respectively indicate the central values and uncertainties at 90% C.L..
The results with different tolerance criteria are shown with relevant colors.
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