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Basic facts about the top quark

* Large mass: m,~173 GeV

* Strong Yukawa coupling: y.~1

spin
Fermion mass origin

Hierarchy problem
Vacuum stability

* Decay width: 1,~1.4Gev

12/6/2019

PQCD dominates

Decays before hadronization:
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Top-quark pair production

A standard candle for the LHC and future colliders cns 1508 (13 TeV
g 10 ?Dile;:)ton,lpartlon Ilewlel - -

* Test of the SM at the energy frontier %|;1 - T ]
I _

i i i 107 T E

* Possible signals of new physics e
10 * NMNLO+or Ew(LUXQED17]m 173.3 GeV —E

E & NNLO+o Ew(LUXQEDﬁ]m 172.5 GeV
C & NNLO+ogd,, (NNPDF3.1)m = 1733 GeV _._._f_._,_

* Major background to many searches T e o - s :
. : § § 1_4; -g::easyst s
[ The first bin: }_ R S 1 a  —
[300, 380] GeV o — =
TETed ]
0.6t — S S
Many important measurements P mpieen
Threshold: sensitive to top quark mass. JHEP 1902(2019)149

e Total cross section: o,; o . |
Tail: influenced by some signals of new physics.

 Differential cross sections: , Priiy Yizs Prty

12/6/2019 Top quark pair production at hadron colliders (Guoxing Wang, Peking University)



Top-quark pair production

CMS 359" (13 TeV)
Multi-scale process E 10 £ Dilepton, parton level E
E E L ) e E
* Threshold region: < S N E
o . — _
. O e 10_1 __ —-pr- __
fix-order + Coulomb + soft 3 -
| — POWHEGV?2 + PYTHIA8 e N
. . 102 | + NNLO+od, (LUXQED17)m = 1733 GeV -
° Intermedlate reglon: < = " NNLD+u§w{LU}(QED1T] m, = 172.5 GeV =
T | » NNLO+o, {NNPDF3.1}mt= 173.3 GeV ._._F S
1 0_3 || MNMNLO+MNNLL' (NNPDE3. 1) m = 173.3 GeV _
. = | |# NNLO+NNLL' (NNPDF3.1) m = 172.5 GeV 3
- -+ - : : : : ey -
fix-order + soft o | emEeE :
QT -y [ Stat ]
. 0O _ ]
* Boosted region: b = : e L =
fix-order + soft + quasi-collinear ' |

0.6 | 1000
JHEP 1902(2019)149 My [GeV]
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Factorization

e Kinematics: N(P) + N(P,) —t(ps) + ?(pél) + X (PX($)>
3:(P1‘|’P2>2 §:(P1‘|‘P2)2 MzZ(P3‘|‘P4>27

2 2 2

S M2 ’
° QCD factorization theorm: CcCollins, Soper and Sterman. arXiv:hep-ph/0409313

dz T doi; (2, 1)
* Threshold 11m1t ﬁ — O Ju, GXW, Wang, Xu, Xu and Yang: 1908.02179 E =M — 2m,

4N 167%a2(w) [M 1 2m, ) 3
dMd® ~  M° oM Cija (C080) H o (2, M, Qr, Y, pir, i) J* (B) +O(8°)

(0%

e Soft limit z—1 Ahrens, Ferroglia, Neubert, Pecjak and Yang: 1003.5827

do;; 870

deCOSQt B 3§MTr|:H (M mt,COSHt,/J,f> Slj([(l_z) M mt,COSHt,/JIf>:| +O(1_Z)
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Top-quark pair production near threshold-Review
. _ Moch, Uwer: 0804.1476
* Total cross section: Beneke, Falgari, Schwinn: 1007.5414 4{ B—0andz—1 }
Beneke, Falgari, Klein, Schwinn: 1109.1536
Piclum, Schwinn: 1801.05788 /

* Differential cross section: Hagiwara, Sumino, Yokoya: 0804.1014

Petrelli, Cacciari, Greco, Maltoni, Mangano: hep-ph/9707223

— [

 Kiyo, Kuhn, Moch, Steinhauser, Uwer: 0812.0919

Please forgive me for
missing your works
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Top-quark pair production near thresho.

e Total cross section:

* Differential cross section:

Moch, Uwer: 0804.1476
Beneke, Falgari, Schwinn: 1007.5414

Beneke, Falgari, Klein, Schwinn: 1109.1536

Piclum, Schwinn: 1801.05788

Hagiwara, Sumino, Yokoya: 0804.1014

Petrelli, Cacciari, Greco, Maltoni, Mangano: hep-ph/9707223

 Kiyo, Kuhn, Moch, Steinhauser, Uwer: 0812.0919

o, | )
9, N, oae, 30

[ Soft gluon resummation and matching 1
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Top quark pair production near threshold
e Threshold limit: 86— 0 (M — 2m,), «

ultrasoft gluons

Potential ,soft,
- |

* Scale separation: M > M@3> Mg3*

e Factorization:

Yooo]

e Potential function: J*(F) Bencke, Falgari, Klein, Schwinn: 1109.1536
* hard function: H, .

* Dynamic scale: #,=+/p2,+m2++/p2;+m2 (~M)

Hard gluon
] Czakon, Ferroglia, Heymes, Mitov, Pecjak, Scott, Wang and
* Matching: Yang, arXiv:1803.07623 [Rescme factor
do (N)NLO + NLP do NLP do (N)NLO do (n)nLO R NLP 1 9 9
n B do| 67 a5(ﬂr) M+2mt Z ¢, . (cost,)
dM dM dM dM de@ M

~

X Hij,a (Z7M7 QT)YMU’?")/’Lf) Ja (E) + O(/B3)
12/6/2019
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Resummation and fixed-order expansion

dA NLP

de@

167l ()
M5

M 4+ 2m,
2M

(87

* NLP kernel: K% (z,M,m,, Qr,Y, p,, 1) = H. (J5 (B) +J7 (B)) + =4

1
__OF7 D8: 2N

D,

0) __ 0
(KO, =H,,

\

LO -

nLO Kzgy'l,)a:_zsza'V 28 HZ(jO)cu+Hz(jl)a)

n“LO (2) — 47T4D3 M o |§ Divergence
oo _L3 o5 i [ in 80

+27° D,y |5 [(Bo L — a) HY), —

n°LO .
n‘LO

Hi.],

J

N
12/6/2019

Cz’j,a (Coset)Hz’j,a(ZaMa QTaynufrnU’f) Ja (E) _|_ 0(53)

o (,Ur) HO

O, 75 (B)
FZ< (m) Ko
" HY,=0,
Y= 0 52 60— 2) 8(v),
HY, =<* CF L 5(Q1) 6(1—2)8(Y),
HY,= c 502y 60—2)5(1).

-

J
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Fixed-order expansion

doi** 167l (p,) | M +2m,
dMdOe M> 2M

Cz’j,a (Coset)Hz’j,a(ZaMa QTaya:UJrnUJf) Ja (E) _|_ 0(53)

(87

- NLPKernel: G2 =HR.058) +42(5) + @) [, g5 (B)

1 |2F .
D12_0F7D8:2NC Z( ('u ) % 4r
Q i
%'::.'
=

(KO, =HO,, )

LO

M
D 2 0 1
nl.O Kz'(j,)a__zﬂ- -Da QEHz(j)cu+Hz(j)a7 \
172 , §
n°’LO K@ — An"D; M HO Divergence
e 3 2F " "° in 83— 0 LHC 13 TeV, m=1725GeV -
M 0 NNPDF31_nnlo_as_0118 — 2?[8
2 0 1 o
+27 -Da [(ﬁOL _a’l)Hz(j)a _Hz'(j,)a] ) u = =H/4 —n*LO
ngLO [ ] _1 11 1 | L1 1 1 | I I | | L1 1 1 | 11 1 | | I I | | 11 1 |
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n'LO \_ ‘ - M (GeV)
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Various approximations

RN
o

e Threshold limit 38— 0 with ¢i.«

 Qur formulais indeed valid,

—
(§)]

and supports the resummation.

" LHC 13 TeV 5 [ Exact
~ ME1725.GeV. S— KU p—0..............
B }.Ldef = l.LdEf = H /4 i

- NNPDF31 nnIo as_ 0118

NLO corrections to do/dM(pb/GeV)

2 - //////////////////////////////
_ _____________________________________ ////////
0.6 i
0.3 ;— ..................................................................................................................................................

00 ] ] ] ] | ] ] ] ] | ] ] ] ] | ] ] ] ]
340 350 360 370

380
M(GeV)
FIG.4. The exact NLO correction and its small

approximation in the range [340, 380]GeV
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Various approximations

< 1.8 B g
* 8 [ LHC13TeV E Exact |
%_ 15 —.m=172.5 GeV ~.Z=1. (c:.entral value)....
2'::.' : “_def = l.ldef - H /4 :
S .. NNPDF31 nnIo as 0118
S 12 [
. . O L
e Soft limit z—1 =
@ [
. : O 0.9
 Softlimit provides a reasonable 5T
approxX. to the full results in low M. SR Y s T A N
O .
z L
I
00 B | | | | | | | | | | | | | | | | | | |

340 350 360 370 380
M (GeV)

FIG.5. The exact NLO correction and its soft
approximation in the range [340, 380]GeV
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Various approximations

—
Qo

S UL |

* 8 [ LHC13Tev Exact |
E_/ 15 —.mz=172.5 GeV __:_é_________ﬁ_ﬁ_o__&_z_ﬁjé__(.t;entral..yal_ue)__
E‘:: : “def - ].LdEf - H /4 : :
S .. [ NNPDF31 nnIo as 0118
-O 12 ..................................................................................................................................................
o _

([ J + B
© [
o T T e — ———————
B —
o N
o) L
O 0.8 |
O .

 Double limit 4—0 & z—1 =

* Double limit does not capture the - : : :
dominant contribution at NLO. ool Lo b b e
340 350 360 370 380
 The exact reason why we do not consider Mg(GeV)

FIG.6. The exact NLO correction and its small beta
and soft approximation in the range [340, 380]GeV

such soft limit.
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Various approximations

. . . < 18 ; 5
¢ ThreShOld llmlt ,8 — 0 Wlth Cz’j,a E E LHC 13 TeV (1) I::I Exact
.. . 5  _F 2777 B0
* Our formulais indeed Valld, ?}, 1.5 —+ _1725G8VK """""" ;""""'"'z":)"1"'('555‘{@]"95;5,@')' """"""""""
. El:: B “def = “def = H r/4 i B—0 & z—>1 (central value)
and supports the resummation. 2 . C NNPDF31_ r] moasoﬂs _____________________________________
-o -
. . O L i
* Soft limit z—1 0 I /,4////////////////, /////// o
09 I SN o S S S S I TSI I SIS S LTI SIS IIIIIIIII IS
 Soft limit provides a reasonable s UF //////////// /////////
| S /////////////// /
approxX. to the full results in low M. -3 U KU S A
- o f
* Double limit p—0 & z—1 SN T D R R
* Double limit does not capture the F _ _ , :
: : : 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1
dominant contribution at NLO. 0.0, - 250 260 p— 280

 The exact reason why we do not consider Mg(GeV)

such soft limit FIG.7. The exact NLO correction and its various

approximations in the range [340, 380]GeV
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Resummation v.s. fixed-order expansion

—~ 4
* Divergent behavior at threshold & [ |ciater m=1725GeV |
: . . 3 [ |
region is regularized . S s NNPDF31nnlo_as 0118
% [ on=p =H/4 ] ;
* Finite prediction after NLP S Y/mhe shape depends\ s
_ 21" crucially on T, wa
resummation. T 2).The Integrated __NLP
|l cross sectionis - nLO
. .y 2
* Fast convergence NLP vs. n*LO for ' insensitive t”\t/J , - ﬂjtg
B - -- n"LO
M >360GeV. o :
 Dominant beyond-NNLO correction -
- __IIII|IIII|IIII|IIII|II:II|IIII|IIII|IIII
comes from the reglon M < 350GeV. 1300 310 320 330 340 350 360 370 380
. . M(GeV)
. <0.17. t
pNRQCD 1S perfectly apphcable g FIG.8. The NLP resumed result and its fixed-order

expansion
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Final results and conclusion

- s — 2.5
* Our best prediction: NNLO+NLP. = L
O LHC 13 TeV, m=172.5 GeV - ﬁﬁ"g
* Resummation effect enhancesthe & [ \\oocar 0 . oi4s ; NNLO
NNLO results by about 9%. = L ENEOENLP
y /0 I [ u,mHd/4 M [300,380] GeV ¥ NNLO+NLP
g 20+

1.0
FIG.9. The average tt invariant mass distribution in [300, 380] GeV
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Final results and conclusion

* We show the top mass dependence of
NLO and NLO+NLP 1.05

* The difference is about 1.2 GeV and is
insensitive to top quark mass.

f>-~1.80
5 | LHC 13 TeV, p =, = Hy/4
2 T \ NNPDF31_nnlo_as_0118
S155 - M, e [300,380] GeV
S L
© B - NLO
 NNLO+NLP «== NLO -
- ~ NLO+NLP
1.30 —
172.5GeV 4= ~171 GeV _ \

\ \
Preliminary \

| 1 | | | | | | | | | | | | | | | | | | | | |
110 171 172 173 174 175
m; (GeV)

0.80

e Qur results can be further combined

with, e.g., soft gluon resummation via a [NLO was used to fit
matching procedure.

mPo®=170.54+0.8 GeV CMS arXiv:1904.05237
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Soft function-Review

TT

T, - T L85 2
) IR anomalous I'= Z Y cusp (a Y (O{) o Z - . ’7cusp(ﬂlJ7a) + Z Y (a)
dimension +Z T, T, o (o) In T2 4 ZZ i et o T T £, <6u, 05 pk>
. . 8 1,J) O U1 ® Pk
Becher, Neubert: 0904.1021; :
Ferroglia, Neubert, Pecjak, + Z if"T7 T Tk Fy(Buss B, B |+ O (o) 1
Yang: 0907.4791, 0908,3676. I, K) I

>[3—parton correlations}

e NLO massive SOft funCtion Ahrens, Ferroglia, Neubert, Pecjak, Yang: 1003.5827

* NNLO massless soft function Ferroglia, Pecjak, Yang: 1207.4798

(except an off-diagonal 3-parton piece)

GXW, Xu, Yang, Zhu: 1804.05218

(include the off-diagonal 3-parton piece)
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NNLO soft function-work flow

[Symmet@ Wnitarity, IBP]

Feynman dl_agrams }-[ Kinematics } — Master integrals

and amplitudes

l l N\

Color factors Coeffments of int. } [Differential equations}-[Boundary conditions}

] / | -

SOft funCtlon [ Analytic results }
N
7

Full ana1yt1'c] \[
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Feynman diagrams

7 ~
cJ q Cy
j J
-~
-~ ~ " > =
i i i i k k i
cy c (&} cy T &) C1 cJ C1
: ' J )
./ r
-~
J P . J
[Virtual-realcorrections} >§%>< >@mm><
J P
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Three-parton correlations

Double-Real corrections Real-virtual corrections
~

~
f : k : k %
~
(a) () (d)

D@ — 4ifteTeT! Ty I, DY — —ifreTeTiTiI; DY — +if*"TiTiTil,, DY — —if*T!T;T( I,

D@ 4 D® — i T2 T T¢ 2Im (I,) =0 D9+ D® —if* T T; i 2Im (L) #0
i J —

I = / [dk,] [dks] v ] vf [ (2ki + ko), gup + -] * The non-trivial 3-parton correlations
. 1 2 (k1+k2)27)z"k17)j'k2 ’Uk'(k1‘|‘k2) Wi V UF
- rabce a b c
X&[w_’Uo- (k1+k2)] g;)zk: Zf T:T;T, fQ(ﬁ[J,ll’l o U})
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Differential equations

* Four integral families and 59 master integrals

* Double-real {Uﬁ + kz) 27 V1 * ko, U - (k1 + k2)7 Va|* k1, v * Ky, U3 (lﬁ + ]‘32)}
{Uﬁ +k2) 27 V1 Ko, V1 (kl ‘|’k2)7 Vy|* k1, U3 - Ky, Vs (kl +k2)}

° Real-v1rtua1 {k27 l27 (k+l)2) (% ka Uy » l) Ua | (k+l)7 (% k) Vg - l}
{k27 12) (k—|_l)27 vl'k7 vl'l7 Uyl (k—|_l)7 vS'k7 UB'Z}

. (A B ¢ D E  \.
e 03G(e,[B,c080) _€<ﬂ—1 + G + Gr1 + G+ 1 /cosd + ﬁ_l/COSﬂ)g(e,ﬂ,cosG)

* Boundary conditions(difficult parts)

* Solution in terms of generalized polylogarithms(full analytic)
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Boundary conditions

Am}?

>—0,3—>1,or, -

* Boundary: g= \/1—

* Regular integrals, e.g.
@ ~ 8¢e*T'(-4e) w1+4€/
914 (6,0,y) = 22T (~¢) 2 [dk:] [dk.]
4 (-2¢) T(1—2¢)
I'1—e¢) T'(-3¢)

5[ W —7g (k1+k2)]
(kl —|_ k2) (0 kQ Uy kl

sFy(—€,—¢€, — €1 —¢, —3¢; 1)

* Singular integrals, e.g.

A e T(20)wtt . S(w—uwy - k) w
97 (€89 = e o T (e /[dk]d ‘T i D] {—m- (k+1)

(e — D gra —20 T+ e

—|—2(1—4e)}

~~—
~~

4'7*T(1—¢)
Coulomb/Glauber-type
Now, the full analytic NNLO singularities from
bare soft function is available virtual integrals
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Validation: IR structure

: : [Constructed from T,
* Renormalization

= (2 _ =@ 2) 2(0) | 2(0) 7 (2 1)z = 1 1) z(0) (1 Bo ~a
$V(L,p) =8t + 21980 + 8927+ Z1V 800 + 810 20 + Z1V8V 20 — s

— finite in €

A non-trivial IR cancellation

> &
i I i i’
& &! , # : T /
’01/2 01/2 ey Cl cj I
J V)
>

- - e

] k
U3 U3 .
C1 X ?C G0 S cr
j

2
> ffadbc a C w k U ‘
+> 0> i TITﬁkag(ﬁU,ln * ;) -
(1,J) k Wk Vs
Becher, Neubert: 0904.1021; .
Ferroglia, Neubert, Pecjak, Virtual 3-parton correlations: Real
Yang: 0907.4791, 0908,3676. non-trivial cross-check
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Validation: in threshold or boosted limit

e [n threshold limit, our result is consistent with

* color-singlet production, e.g., Drell-Yan and Higgs production; Belitsky: hep-ph/9808389

. . N\
Purely-imaginary and
do NOT enter the NNLO
cross section, NEW!

* color-octet production. Czakon, Fiedler: 1311.2541

* Note: singlet-octet mixing terms do NOT vanish, e.g. )

2
PEIRS <ln%,5%0,c089,u> =-2inCrC4[L?—4(In(48) +1)L +2In*(483) +8In(48) + 72 ]

* [n boosted limit, our result satisfies factorization rerroglia, Pecjak, Yang: 12053663

A2
smassive (111 M 29 ﬁ) COS 97 M) — Smassless

2 2 A2
ln%,cosﬁ,,u) 5 <ln EZQQ ,,u) +O(m;/M?)

Also obtain the missing
3-parton piece 1n
Ferroglia,Pecjak,Yang:1207.4798.
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Numerical impacts

* Contribution of soft function

da'ij M2> <A2> )
dM d cos0, OCTT[H@OII(M @COSQM,LL> (ln y B,cos0,, 1

* NNLO correction to the soft function

ST (B, 1/ fraer)
S g?) (57 ,U/ :u'def>

SS9 (B, 1/ praes)
S E?) (B, b/ thaet)”

Ri? HO (5, ,LL/ ,Udef) RZ'I;I NLO (ﬁ 3 N/ :udef)

e Two scale choices Pecjak, Scott, Wang, Yang: 1601.07020,
Czakon, Ferroglia, Heymes, Mitov, Pecjak, Scott, Wang, Yang: 1803.07623

a1 =N, et 2 =Ay/1— B3%cos?0
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Numerical impacts

02 H T T T T] .
02 Relative soft
o1k o1l corrections as a
function of 3 for two
I I
= L = L .
= S choices of the default
. = NLO, /ftgef1 ol = NLO, pder,2 scale Maet,1 — A and
~0.1F -0.1F . ’
— NNL e — NNLO, ptge _
O, praet 1 fidef 2 laet 5 = A\/l — B%cos?6,
*02 l L L L 1 L L L L L ) \ \ L L L ] —02 L " 1 I L 1 L 1 . U
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
04 I T ﬁ ’ I ﬁ -
| V al 'l t channel and
1oL T NLO. praery = NLO, juaera u channel
A . 03 10 . . .
— NNLO, ftger 1 | | — NNLO, s 4_151 ngularities
ng“: 02+ : Q:g‘ 0.2k ‘// ]
| (udef, 5 1S a better choice,\
o1k | o1l | in coincidence with Czakon,
' / ' _ Ferroglia, Heymes, Mitov,
e e | Pecjak, Scott, Wang and
00@ . ! ] . 1 L 1 L 1 0.0k . 1 I . ! . 1 . I Yaﬂg, aFXIV180307623
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
p B
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Conclusion on NNLO soft function

* Our NNLO soft function shows mangy interesting properties and is
checked in different aspects;

* It's a good verification of the cancellation of the IR singularity with

non-trivial 3-parton correlation;

* 2= AM/1—B3%cos’6, 1S indeed a better scale choice;

* Our result gives a chance to extend the theoretical precision to
NNLO + NNNLL in soft limit in the future.

NNLO hard function
1s also needed.
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Hard function-review

e Color summed QCD corrections:

i Beenakker, Kuijf, Neerven, Smith: Phys.Rev.D 40,54(1989

 Full analytic results at NLO | / Y
_ Korner, Merebashvili, Rogal:0802.0106

* Full analytic one-loop squared results at NNLO apastasiou, Aybat: 08091355

: Kniehl, Merebashvili, Korner, Rogal:0809.3980
* Numerical two-loop results at NNLO °

Czakon: 0803.1400:

Barnreuther, Czakon, Fiedler: 1312.6279 Please forgive me for
missing your works

* Progresses on two-loop analytic calculation

Bonciani, Ferroglia, Gehrmann, Maitre, Studerus: 0806.2301

Bonciani, Ferroglia, Gehrmann, Studerus: 0906.3671

Becchetti, Bonciani, Casconi, Ferroglia, Lavacca, Manteuffel:1904.10834
Vita, Gehrmann, Laporta, Mastrolia, Primo, Schubert: 1904.10964:

* ¢q channel

e g9 channel
Bonciani, Ferroglia, Gehrmann, Manteuffel, Studerus: 1011.6661, 1309.4450

Manteuffel, Studerus:; 1306.3504 [

Chen, Wang: 1903.04320 =————p 9 planner and 7 non-planner double-box }

integral families remain unknown
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Hard funCtiOIl GXW, Yang, in preparation

* One-loop contributions to the hard functions for top-quark pair

production [Up to O(e*) can be found in Korner, Merebashvili, Rogal: hep-ph/0412088 }

* One-loop integrals for top quark pair production to arbitrary orders in the

dimensional regulator €
* One-loop contributions to the unpolarized and polarized hard functions at NLO

 NNLO unpolarized and polarized hard functions, apart from two-loop

contributions. -
H (8“8 ) A(n)+B(n) = euuaﬁplup%p?)a (Stﬂ+3tg) +om (St . S;)

e Polarized hard function:
1D

(P1 St) (p1 Sy ) (p2 D) A(p2 . 3?)

Can be gsed to study top-quark pair - J IR (pg-s;) B (P2 81) (pl-s;)
production and decay, e.g., + B30 R + B3 ;

Azimuthal opening angle distribution.
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Azimuthal opening angle distribution

1 d . (e @) 108 _I TTT ‘ FTTT | TTTT ‘ FTTT FTTT | 1T | FT T | 1T | TT T ‘ [ I_

R— — 4 One can expand R with o | 2 C nelusi ATLAS i

o \d(Aep(t,17)/m) = 1.08|- nelusive - =
O':O'(O)—|—()é0'(1>—|—a20'(2)+O(Oé3> -Ién - \s=13TeV, 36.1fb 1
O 1.04 g —

 Green curve: Bernreuther, Si: 1305.2066 = o _—'? i
a 1.02 . ]_+_ -

* The expanded Ratio makes NLO agree e P e E IIIIIII .
with data. = it e = = e

. . % i ¢ Data _

* The result has large scale uncertainties 0.98F — powheg+Pythias _‘—L -

: : : - /. PP8 scale up/down 7

e Red curve: Behring, Czakon, Mitov, Papanastasiou, 0.96] —— NLO QCD+EW (u__=m, =
Poncelet: 1901.05407 - NLO QCD+EW scale up/down =

* The difference are tiny between expanded 0.94f == I:Ilﬁlfgﬂ N
and unexpanded Ratio. : NNLO scale upldown| [ | [ | [ | [ ‘ [ I<'

> 0102030405 06 07 08 09 1

* The discrepancy need to be studied

further. transverse momentum resummation for Parton level Ao(I",I')/rt [rad/n]
top-quark pair production and decay ATLAS: arXiv:1903.07570

Li, GXW, Yan, Yang, Yuan, on progress
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Summary and outlook

* Top-quark pair production is important;

 Resummation effect has significant impacts on top-quark pair
production near threshold and the extraction of the top-quark mass;

* NNLO soft function is a very crucial and interesting ingredient in soft
resummation;

* Ongoing:
* Combine the resummation near threshold with soft gluon resummation;
* Extend our framework to study the ¢¢+ jet production process

e transverse momentum resummation for top-quark pair production and decay
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Thanks

If you are interested in my researches, please feel free to contact me via
wangguoxing2015@pku.edu.cn
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