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 Motivation

 Part |: Improving the perturbative prediction of heavy jet mass
 Sudakov shoulder
* Factorization theorem
* Position-space resummation

e NNLL shoulder resummation

e Part ll: o, measurements from pp — jj using three-point energy correlator

e (Collinear factorization

* Two-loop jet functions
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Motivation

e The precise measurement of a, is one of the most

[Huston, Rabbertz, Zanderighi,
PDG QCD review

_ _ 2312.14015]
important problems in QCD — .
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Motivation: e e~

e ForeTe™ colliders, different treatments of power corrections lead to different result.

ete™ collision (2021): 0.1171 £ 0.0031 ete collision (2023): 0.1189 + 0.0037
EEC: MC power [ TR RN
: ALEPH (j&s) I ® !
corrections OPAL (j&s) : | ¢ :
JADE (j&s) | o : ere”
Dissertori (3j) I—Q{——I Je&t(s
JADE (3j) [ P thapes
Verbytskyi (2j) I-:-Q—I
ThI’USt/C Kardos (EEC) I { ,|J—|

parameter: 0.110 0.115 0.120 0.125 0.130

theory power
corrections

0.110 0.115 0.120 0.125 0.130

the Durham é,lgorithm. The key ﬁndingiin Ref. [688] is that non—perturbatikfe corrections computed
in the three-jet region significantly deviate from those computed in the two-jet limit and hence the

[Huston, Rabbertz, aforementioned fits based on power corrections in the two-jet limit result in smaller values of

Zanderighi, as(m?%). Another important observation is that the inclusion of resummation effects introduces a

. Z p
PDG QCD review, relatively substantial ambiguity outside the two-jet limit. Additionally, other factors such as the
2312.14019] choice of mass-scheme used to extend the definition of event shapes to massive hadrons can have

significant effects.

These findings are inconsistent with the very small experimental, hadronization, and theoretical
uncertainties of only 2, 5, and 9 per-mille, respectively, as reported in Refs. [683,685]. For these

reasons, we exclude the results of Refs. [683-685] from the average. Determinations based on
R ——————

* However, thrust with only dijet fit range still give the same result with good stability
[Benitez-Rathgeb, Hoang, Mateu, Stewart, Vita, 2024]
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Motivation: eTe™
e ForeTe™ colliders, different treatments of power corrections lead to different result.

ete™ collision (2021): 0.1171 £ 0.0031 ete collision (2023): 0.1189 + 0.0037

EEC: MC power ,
. ALEPH (j&s)
corrections OPAL (j&s)

|
| i
L I ]
JADE (j&s) | o= : e_+te
Dissertori (3j) b .: — Je&s
JADE (3)) : b Shapes
Verbytskyi (2j) .|-:I-_Q—|E_I
Thrust/C Kardos (EEC) I Il
parameter: 0.110 0.115 0.120 0.125 0.130
0.110 0.115 0.120 0.125 0.130

theory power
corrections

 Need a better understanding of power corrections (MC vs analytic models) and why
the latter leads to a lower value of o,

* There is also another observable, heavy jet mass, that
e gives very low a, when including the power corrections  [Chien, Schwartz, 1005.1644]

* has very different tail behavior compared to thrust

Y Xaoyuan Zhang 5




Motivation: pp

o For pp colliders, there are not many a, data points with high precisions.

e Many jet (substructure) observables used for o, determination at the LHC haven’t
reached NNLO accuracy.

t7 production: 0.1 145+8-88§? [CMS collaboration, 1812.10505]
Transverse EEC: 0.118019-0031 [ATLAS collaboration, 1508.01579, 1707.02562,
—0.0017 2301.09351]

* A competitive candidate in recent years: energy correlators
* Energy-weighted cross section as a function of angles among any two detectors

Energy-energy correlation (2-point) | == EEC@LO % EEC @NLO

[Basham, Brown, Ellis, Love, 1978] o8}
06

o4t

(1/00)(do/dx)

EEC(x) =3 [ do 222 6(7t; - ii; — cos x)

z',j Q 02}
N-point energy correlator 00 . . . . .
0.0 0.2 04 0.6 0.8 1.0
[Chen, Luo, Moult, Yang, XYZ, Zhu, 1912.11050] z = (1—cosx)/2
1 —cos0,;.;
= do,, X O xi — 21
dle dx(n 1)n Z Z / " H H ( ! 2 )
m 1<i1,1,<m 1<k<n 1<<i<n

Energy correlator has the potential to be one of the most precise observables at the LHC
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Outline

* Motivation

 Part |: Improving the perturbative prediction of heavy jet mass
e Sudakov shoulder
* Factorization theorem
* Position-space resummation

e NNLL shoulder resummation

e Partll: @, measurements from pp — jj using three-point energy correlator

e (Collinear factorization

* Two-loop jet functions
e NNLL resummation for eTe™

e NNLL resummation for pp — jj

f¢y Xaoyuan Zhang 7



Heavy jet mass (HJM)

e _ T — i [pi -1 _ _ 1 2 2
* Definition:  Thrust: = max . HIM: p= = max{my,, mj }
n )P Q
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Heavy jet mass (HJM)

0.7
e Remaining problem in a, measurement with HJM: . T
Br
20 years ago:  [Salam, Wicke, hep-ph/0102343] 05 Y ) /7
S 04 NN
Secondly fits for the heavy-jet mass (a very non-inclusive variable) lead to values for ay w 5
which are about 10% smaller than for inclusive variables like the thrust or the mean jet 0.3 W
mass. This needs to be understood. It could be due to a difference in the behaviour of the
perturbation series at higher orders. But in appendix D there is evidence from Monte Carlo 021
simulations that hadronisation corrections for p, have unusual characteristics: in contrast to 01 decay, t0 E, to resonance-E (uds)
what is seen in more inclusive variables, the hadronisation depends strongly on the underlying 0110 0115 0120 0.425 0.130
hard configuration. There is therefore a need to develop techniques allowing a more formal os(Mg)

approach to the study of such problems.

10 years ago: [Becher, Schwartz, 0803.0342] g ey ferhlass
[Chien, Schwartz, 1005.1644] o ol
N°LL dijet resummation + NNLO + power correction: ) Thr\\
Inconsistence between thrust and heavy jet mass N Cr\ |
095 0.100 0.105 O.ILi(mZ(;.IIS 0.120 0.125 0.13
[Caola et al, 2204.02247]
Today: J— .

[Nason, Zanderighi, 2301.03607] L A i
Recent progress on trijet power corrections '

—
o
& |
|
o
o

e Thrust: positive everywhere = 4l | Zuws L_,./\
. NS u: gk |
 HJM: negative almost everywhere but 05 - S M )
positive near p — 0 ol P
0 005 01 0.15 0.2 025 0.3 0 005 01 0145 02 025 03
T M&
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Thrust vs HIM

 Thrust and HJM have different kinks order by order in perturbation theory
0'”? LO P 2\/_ - \/_ o L ! Sudakov
0.12 3’ 5 0.030} NLO Thrust ' Shoulder -
0.10i 0,025 : ]
; ». NLO Thrust : :
3| 5008 8|5 °% '
* ooeh * 0015 :
il CNLOHIM  + =N
0.04 oot0p 7
002 NLO HJM 0005 LO
o.oo: llllllllllllll ‘ - 0.000:T .. ..............
0.0 0.1 0.2 0.3 0.4 0.5 0.328 0.330 0.332 0.334 0.336 0.338
X=TOor p X=T0rp
[Catani, Webber, hep-ph/9710333]
e Sudakov shoulders arise from incomplete cancellations between the virtual
corrections and real emissions, where the range of event shape grows order-by-
order in perturbation theory.
]

Start with 3-parton configuration, the event shapes are restricted at each order:

1
T,,OS—

7-24/6
5

Tree, one-loop virtual:

Real emission: ~ 0.42

T,p <

Incomplete cancellation = divergence, kinks, etc. = large logarithms

LIEJIEE N
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Thrust vs HIM

 Thrust and HJM have different kinks order by order in perturbation theory

LLO

172\/_4\/_

0.12F N 3’

*._ NLO Thrust

NLO HJM

||||||||||||||

5

X=TOr p

Fixed-order calculations:

 Thrust: only right shoulder
1 do

oo dt  4n

o HJM: left shoulder (affects the o, fit!) and right shoulder

1 do
oo dp

0.4

I=17——

05

0.035}
ao3o§
aozsé
aozo?
0015?
0010?
aoos?

0.000

Sudakov§
Shoulder

NLO Thrust :

0.330 0.332 0.334

X=TOr p

0.336 0.338

[Bhattacharya, Schwartz, XYZ, 2205.05702]

a
= 9(t){—6 (2Cr + C,) tln* 1+ [6CF(1 —41In3) + C, (1 -121n3) +4nfTF] tlnt}

1
r=——
3 P

—ase(r) —2(2C +C)r1n2r+ 2C 1+41ni +C l+4lni +inT rinr
—4ﬂ F A F 3 A 3 3 3fF

a, ; 1 3
+4—ﬂ€(—r){ ~4 (2Cp + C4)(=n)In*(=1) + [4CF (1-41n6) +2C, <5 ~41In 6) + gnfTF] (—r)ln(—r)}
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Shoulder factorization theorem

Motivated from the fixed-order calculation, we derive the factorization in Soft-
Collinear Effective theory (SCET):

@ =0 H(Q)Jdmzdm dm?dk, dk,,J (mz)J (mz)f (mz)S Ok, k )XM(X)@)( (X))
= 010 | am,amsdk ARy 1 2 3 Lo kg

LO  Trijet o
Inclusive jet
phase hard .
. function
space function

\ mi =m; +k,Q

* Trijet kinematics:

mH = ml + m2
HIM:| M =r—(m} —m}) i =g +kHQ/ m
. D — ¢ _ (172 2 ) - m5=m +m\ g
Thrust: M =t — (m; + mpy) i = q,3: H= o N
Rl m; = m; + k.0

New ingredient needed: six-directional differential soft function, integrated to the

trijet hemisphere soft function

12

o= Sa

i3} Xaoyuan Zhang
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Trijet hemisphere soft function

e Definition of differential soft function

d

d“k
— 2,,2¢€ +/17,2
Sei(q;) = 281 J—(ZE)d_l o0 (k) I (k, q;) X [C23

Ny - 1Ny ny-ny ny - ns
(n, - k)(ns - k) (ny - k)(n, - k) (ny - k)(ns - k)

* From thrust axis constraint (trijet kinematics):

2 1 2
m12+TQ(n1-k1+N2-kQ+N3-k3) <§—p+m22+m32+TQ(nz-k2+n3-k3+ﬁ1-ki)

== soft projections

2
H(k,q)=0(ny-k—i, k)0 (ny-k—n5- k)5 <q1 -3 k> + other five terms

33 3 3
e For HIM, N2=<1,O,+§,5>, N3=<1,0,—£,—>

* Forthrust, N,=7, N;=7, fig k>ng-k

Similar to 3-jettiness
soft function

ng -k >mno-k .

Yy Xiaoyuan Zhang




Trijet hemisphere soft function

: : : : : Non-global logs
* [ntegrating the differential soft function over hemispheres beygnd NNLE

Si(qr, qm, 1) = /d6qi56¢(qi,u)5 (g — 1 — 5 —q3) 6 (qr — q1 — g2 — q3) = Sir.(qr, 1) Sirr (qmr, ) Sy (gL — qrr)

e One-loop result:
p Vsg = 8CF In2 — 4CA In 3, Vsqg = — 8CF In6,

2
~2C,Foln 2 + 2y, g =4CaIn2+4CeIn 2 1y, = = 4(Cy + Cpln6,

(ZS aS
SiL(QLa ,l/l) — 5(6]L) 1+ —c;; | +

A A qr.

—4C;TyIn % +2p,;

«  cy = —444002C, + 1.68285C,
Cor = — 0.210218C, + 5.10882C;,
c,1 = 0.841426C, — 3.59860C,

Cor = 2.55411C, +2.34389C.

2

A

aS
Sit(qy. 1) = 6(qy) <1 + _CiH> +
477: qH

* % = oLoH(Q) / dm} dm} / dm? gdkrr Jo(m3)Jy(m3)S,e) (ka)d(m¥y — m3 —m3 — kuQ)

Ve

1 1
[t gy 2) S ()3, = ks Q) x (g = p= it 4y ) © (5 = g 4y

~~

KL(m%)

where KL, H(mz) RGE can be solved in the Laplace space respectively

%"‘ﬂaifﬁ? Xiaoyuan Zhang 14
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Sudakov Landau poles

e Resummation in the momentum space

Left shoulder: 1 do, rQ et sin(zy;)
] 0 o dp_H(a a)r(ﬂe‘yE 7 T (=1 =n=m)
r = g —p > LO S (g) - 2C A]"()u]a lus)
Right shoulder: 1 do, 5O i sin(zn,) ﬂ,(lg) = 4CpAr(p;, py)
1 —— =1I(9,,9, )s - (=1 —mn—m)
S=p—§>0 oro dp pgeVE /1

With RG kernel following

1,00, 0,,) = XD [4Cu Sty 1) + 4CES (i )+ 2C,S iy ) + 2Cy Sty )| X [24, (o) + 24, (o) + 24, Gty ) + 44, (o pty)

v Hy Hs \ = He \ . -
X < ) ) H(Qv /’th).]q < mn ) > < > )]g <ar/l + In 7 ) SgL(am)SgH(aqh)
Hi Hj 'u] H;

— m+nm=1 — mq+m=2 — nm+n,=3 m+n.=4

e Thel function has an infinite number of poles in the r
space (referred as Sudakov Landau pole):

—1=-n-5,=0,-1,-2,-3,---

I'(=1-n;—np)

p<0 0<p<3

026 028 030 032

Xiaoyuan Zhang 15



Sudakov Landau poles

do 2 2 2 2 2
e Our shoulder HIM measurement " (r—mp +mg) 0 (r —m; +mg), r~2
* Power counting: possible hierarchies between hemisphere masses
where EFT is valid irrelevant regions
~A o~
~Lr~l i mEelmi e~ ]

our factorization includes

Our resummation contains non-EFT contributions!

f¥y:  Xiaoyuan Zhang 16
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Sudakov Landau poles

do

*  Our shoulder HJM measurement .~ ~ (r=mi+mg) 0(r—m +mj), r~2?

* Power counting: possible hierarchies between hemisphere masses

where EFT is valid irrelevant regions

Our resummation contains non-EFT contributions!

Fourier space is the only space that diagonalizes the ¢ function

Laplace # Fourier: _
> 7 and allows us to suppresses the non-EFT region

1 (0] (6]
o(r) « f(r) = SRR J dm? [ dmg; (m)"= (mz)n=15 (r — mf + mp)

0 0
+0o0 o0 o0 .
. . zoN - _ 2 (o 2n—10imtz 2 2\, —1 —im?z
Fourier transformation  f,(z) = { dr e f(r) = J dmy; (my)—"e™ [ dmy; (my)" e
—00 0 0
(m2+m2) Im(2)>0 Im(z)<0
—eun m :
e LTH’ suppresses the non-EFT region Do Do :
= (—iz,) M (iz_ )" 7, =zt ie
ﬁ% Xiaoyuan Zhang 17




Fourier/position space scale-setting

¢ Resummed second derivative

e ze'E 7 o VE —Np
7 =J dr ¢ a(r) = T1(9,,0,,) X <_1Z8Qﬂs> <+1Z6Qﬂs>

The canonical scale in the Fourier space is (freeze the soft scale at ,Ltmm = 2GeV)

2

2
e~ TE .
Can Q, Mgan( ) — \/(Q ) —l_ (IUJgnln)Q’ can \/Mcanugan

Back to momentum space via Inverse Fourier transformation:

1 d°6 o dr . *dz
3 :J — e 5(z) = 2N J —e 52|, 65(—2)=6,2)
010 dp pos —00 27 0 2m

. . . 20 ‘ \ ‘ ‘ ‘ \ L w
I', approximation: LL with 5, = 0 :
0 4PP ﬁo 15Momen’[u
- | Sspace
3 ) 3 O
1 d’o _ e—%aSFO(CA()%ﬁZCFd%h) 1 d'c E= 10
or0 dp’ or0 dp’ SO
pos mom 9 5[
o F
N 0
o Derivatives 6 ~ 0, blow up at Sudakov Landau poles .
2 — L L L L L L L [ L L | L L L L L L L
e 79 suppresses the divergences 004 S0 000002 0.04
,,,,,, r =(1/3—p)

?“51%.!?4’:% Xiaoyuan Zhang 18
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NNLL shoulder resummation

e Resummation matched to fixed-order:

do.sh,match dO‘FO doresum (Mlzl;;),s) doresum (ME‘,(J),S — Q)

dp - dp Lo dp ; dp

» Profile scale: turn on the resummation when p — 1/3 and turn it off when
away from shoulder point

FO Resummation
( ) ( ) \l I | [ | | I [ [ I I [ [ I | [ [ | I | [ | I |

pro _  1—=g(p can g(p 0.14 - _ o —

- | —— NNLLE°+NLO -

K -+ = NLL$%"+LO i

Q N —r — can 7]

3 0.09 NNLLSh +NLO _|

® - LO _
ol

- N NLO a

3 S i .

~—" ~~ | .
> Q

~  0.04— —

p _0.01_ | | | | I | | | | I | | | | | | | | T'l\l.j'k P -

0.15 0.20 0.25 0.30 0.35 0.40

P
First-time position-space scale is critical for non-TMD (SCET-I) observable

Y Xaoyuan Zhang 19




Matching to dijet resummation

e Combine dijet (p — 0) resummation and shoulder (p — 1/3) resummation:

domatch dadij(ugfjo) N do™™ () N do"®(pro)  do®(uro) _do M (upo)

0.25 A ! I b ! ! ! ! | ! ! ! ! | ! ! ! ! | ! b ! | ! ! ! ! — 0.8 T 1T T 1 | T T 71 | T T 71 | T T 71 | T T 71 1T T T ]

B Combined perturbative uncertainties | - A (NNLL&WO _'_NNLLpEo +NLO) .

B - - NLL/..+NLLP°4+LO 5 0.6— Y s ]

0.20 [~ du, sh . — - —— A(NNLL{}'4+NLO) .

. ! —— NNLL/;;+NNLL%°+NLO ] 5 0.4F == A(NLO) E

B o1sb 7 = - —— A(NNLO) ]

b Tk . z 0.2~ -
"G — B — | — —

—~ — AN — —3 - - = ~ A .

o B . B = - ~ m

2 0.0 R\ - z  OO0F N T

N 3 . ] g —0.25 ' | N

0.05— S — - .

B T ] —0.4— —

0.00 — | | L | | | | | | | | | | | | | | | | .I\I' | | . | — —0.6 C 1111 | | I | | | I | | | I | | | I | | Lol

0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.1 0.15 0.20 0.25 0.30 0.35 0.40

p P

 (Conclusion: shoulder resummation provides significant corrections, which
could affect the a, extraction

* The shoulder factorization provides us a way to study trijet non-perturbative

power corrections from EFT/SCET [Benitez-Rathgeb, Bhattacharya, Hoang, Mateu,

Schwartz, Stewart, XYZ, in progress]

Y Xaoyuan Zhang 20




Outline

* Motivation

 Part |: Improving the perturbative prediction of heavy jet mass
 Sudakov shoulder
* Factorization theorem
* Position-space resummation

e NNLL shoulder resummation

e Part ll: o, measurements from pp — jj using three-point energy correlator

e (Collinear factorization

 Two-loop jet functions

e NNLL resummation for ete™

e NNLL resummation for pp — jj
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Projected energy correlators

* Projecting the N-point energy correlator into a one-dimensional distribution:
projected N-point correlator (ENC)  [Chen, Moult, XYZ, Zhu, 2004.11381]

doV] B,
drr - Z Z /dam H Q 5(5’7L —maX{fBil,izanil,ig,,'°°ZEz'N_1,7;N})

m 1<iy,-in<m 1<k<N
m is the number of x; = (1 —cos6;)/2 being
final-state particles the largest angular distance

e Can be used as an event-shape observable at e*e™ colliders and a jet substructure
observable at pp colliders

Our work: Collinear limit of projected N=3 correlator provides another
a, data point for pp — jj

 In perturbation theory, the collinear limit x; — 0 behaves

i (aS(M)) CL,jEj(:IZL) ooy L7Nzp) =6(x), L(xp) = [lnj(xL)/:vL}+

Single log structure because of no soft divergences

Xiaoyuan Zhang DD




Collinear factorization

» The factorization proposed for EEC at e*e ™ colliders a) @
[Dixon, Moult, Zhu, 1905.01310]

2 1 TL d [N] 2 H (z) UCRDN
s <:I:L,ln QQ) / dx'; ;, (aj’L,ln Q2> b) M X
M Otot J0 L, M
2 1 2 )2 2 .
12 (:EL,ln QQ> :/ dx 2 J? (ln a:La:2Q ) - Hee (m,ln Q—2> J[N] = {J[N], JINI
M 0 H H

. . . { ee,q’ eeg}
jet function hard function

e (Generalized to N_point; [Chen, Moult, XYZ, Zhu, 2004.11381], [Lee, Mecaj, Moult, 2205.03414]

5 1 22 2
Sy (xL,ln Q2> :/ dx 2V ] (1H IL:CQQ ) Hee (x’ln%)
H 0 H .

P2 1 ,
R S
hud (RO’RL’IH ) :/ dz ™ (m szpT> - Hhad (Ro,x,ln Z:g)

s 0 L4

For pp — JJ, the largest distance x; is replaced with the rapidity-azimuth distance

= max \/ Anl] + Agb
L,JEXE

The hard function also depends on the jet radius R, parameter. Collinear limit
corresponds to R; < R,

a““«“fi.?ﬁ‘é Xiaoyuan Zhang 03




Hard function

e Forete™ collisions, extract from semi-inclusive hadron fragmentation function:

H)(x) = {26(1 - x),0} Known to NNLO

1 472 In(1 — Mitov, Moch, Vogt, hep-ph/0604053
IO R YoN | (R ) PR Ul [ o nepp |
2 A7 3 I-x |, [Gehrmann, Schirmann, 2201.06982]

+<41()—3> ) = et a1 — )+
nx 5 [1—x]+ X > X n X 5

e RGE (DGLAP): dH(x.InZ P(y) = Pas P
( ) @G ldy ~  —(x Q? Y=1p, P
—[ P(y)-H

: —, ln = 89 88
dlnp y o p?

x Y

Singlet timelike splitting matrix

e For pp — jj collision, we absorb PDFs and anti-k, algorithms into hard function.

e Selection cuts: Ry=0.4, p;>15GeV, [n| <15
* The two leading jets are further subject to
o« [AdGLi)| > 2, |pr—pill(pr+p7) <05

(NNPDF31_nnlo_as_0112)

e Calculation: MadGraph + LHAPDF (NNPDF31_nnlo_as_0118)
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Jet functions

* From RG invariance, the jet RGE is
xLQ

dJW(n 2= 1 22
- =J ay T (1 2227 By
d In pu? 0 U2

e AtLL, we can solve the RGE exactly:

2
[N]l x 0
(n=2") T SR p(0) TV 22 ©)
=J/'(n ) - dyy P (y)=-J{ (ln —) - —y (N+1)
> yYy
d In p? U 4 J, U2 iV
Anomalous dimension: i <\/_Q>
I RN A WO LA JINT = 27N(1,1) - exp | -
rr(N) == dyy"PO) = )rp '+ vt ﬂo a(p)

0 T 4

e Beyond LL, we use a truncated solution in a, for DGLAP (called expanded solution)

o0 o0 00 )
Ansatz: S = Z L'+ Z ag L™y + Z L™ C + -+ L=InEt >

LL NLL NNLL

* The only missing ingredients: two-loop jet function constants
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Two-loop jet functions

 We extract the two-loop jet functions from E3C fixed-order calculation
o ete” — gg process = quark jet function

 Higgs — gg process = gluon jet function

= Y dLIPS, | My/|? 0

1<iyFioFi3<4
E? E;
+ Z Z /dLIPSn M, |? 223 “5(xL — Tiy i)

ne{3,4} 1<iy #iz<n

1 dol3l

og dxp, = oz — max{xilfiz? Liy,is) xi2,i3})

I Boundary term

3
+ 3 N /dLIPSan\?Qg(S(xL)

ne{2,3,4} 1<i1<n

 For Boundary term, use standard |IBP+Differential equation (same as EEC)

] [Dixon, Luo, Shtabovenko, Yang, Zhu, 1801.03219]
* For , we take two steps:

do 3]
dxi1,’i2 dw’il,is dxiz,’i:s

do 3]
dx L

™ /dxil,i2dxi1,i3dxi2,’is5(xll - maX{xil,’iwxi1,i37$i2,i3})

[Chen, 1902.10387, 1912.08606, 2007.00507]
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Two-loop jet functions

* The logarithmic terms are predicted by the jet RGE.

* New result: two-loop jet constants

jEPN=12.3020 CpTpng — 26.2764 C,Cp + 21.3943 C;
jEP! = 17.5487 C,Typn; — 2.05342 CpTpn, — 5.97991 C; + 0.904693 n?T7

* We are now ready for NNLL resummation

match resum sing FO
do do do do

dxp, dxp, dxp, drr,
resummation order f’(y) H, J constants | S las] | fixed-order matching Since we are interested in the
LL tree tree 1-loop LO collinear limit (as a jet
substructure observable), the
NLL 1-loop 1-loop 2-loop RIS non-singular distribution has
NNLL 2-loop 2-loop 3-loop NNLO tiny effect
X ) _ (12
For pp — jj, we don’t have tr)e two Ic?op hard 20 (ashy”) € 10.1/2]
constant. So we use the Padé approximation: s RO ’
0
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NNLL resummation: eTe~ collisions

* Perturbative convergence is not satisfactory due to presence of renormalon

e One could do the renormalon subtraction: [Schindler, Stewart, Sun, 2305.19311]

o 00407\ ‘ T T T T ‘ T T T T ‘ T T T T ™
| m= L+ LO i
0.035- ete™ @ 250 QeV .
. i == NLL + NLO i
S i P € [Qiet/2, 2 Qjet] ]
% 0.030 == NNLL 4+ NLO ]
Ea) i ]
3 o.ozs\/
8 i i
| L |
— r 4
~— 0.020+ .
;q L 4
8 F |
/
0.015
| | |
10 0.001 0.010 0.100

TrL
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NNLL resummation: eTe~ collisions

* Perturbative convergence is not satisfactory due to presence of renormalon

e One could do the renormalon subtraction: [Schindler, Stewart, Sun, 2305.19311]

0_9[ T T LI B B B | T T T T T T T T T T T T T T

* A easier way is to consider the ratio
ete” @ 250 GeV

I 7 — point scale variation
d()'[m]/de i /po scale variatio
, m,n>?2 i 1 € [ Qiet/2, 2Qiet ]

doln/dx,

Arn,n(xL’ IM’ /’l/) =

S
3
L

m-point correlator/n-point correlator —LL + LO

E3C/EEC Ratio
=]
=

e
W
T

== NLL 4+ NLO

0.4 == NNLL + NLO

T

| 1 1 T R S B | 1 1 T R S S R | 1 1 T S R S |
1074 0.001 0.010 0.100

LL
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NNLL resummation: eTe~ collisions

* Perturbative convergence is not satisfactory due to presence of renormalon

e One could do the renormalon subtraction: [Schindler, Stewart, Sun, 2305.19311]

0.9[ T T LI B B B | T T T T T T T T T T T T T T

* A easier way is to consider the ratio
ete” @ 250 GeV

I 7 — point scale variation
d()'[m]/de i /po scale variatio
, m,n>?2 i 1 € [ Qiet/2, 2Qiet ]

do!™/dx;

Arn,n(xL’ IM’ /’l/) =

e
~J
T

m-point correlator/n-point correlator —LL + LO

E3C/EEC Ratio
=]
=

o
W
T

Pythia8
' 005} ;I_L:}\%E};h; |
+ 000 ;
Yol ’ W ]

== NLL + NLO
0.4F m= NNLL + NLO {
16‘4 | T 0601 | T 0610 | T OfOO
*'0.30 —r— s — . .
= — E3C/EEC — EEC
O ,025¢ ]
. o R — EA4C/EEC — E3C
e We also find smaller hadronization E 0.20¢  pac |
correction in the ratio of energy - 1 015¢ TeT: Q =91.2GeV ]
O 1
correlators € o0}
N
=
o
E
s
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Approximate NNLL resummation: pp — jj

« We consider A;,(R,) with two jet p, range: [300, 350] GeV and [500,550] GeV
» Normalize the E3C/EEC distribution in the range of R; € [0.01,0.4]

e Include the xk € [0,1/2] from two-loop hard constant as additional uncertainty

1.6; pp — jjQ13TeV anti-k; & Ry = 0.4 ] 1 6; pp — jjQ 13TeV anti-k; & Ry = 0.4

- py € [500,550] GeV  |n| < 1.5

[ e € [300,350] GeV [n| < 1.5

-
N
e

E3C/EEC Ratio
E3C/EEC Ratio
-

—_
(=
T
v

(w)®o 0y oney

08 == NNLLapprox
0.61 | 0.62 | | 0.65‘ - OiO | 0.‘20 | 7 0.61 | 0.62 | | O.‘OS‘ - 0‘10 | 0.‘20
RL RL
cmMs ~ 36.3fb" (13 TeV)
 The value of a, from CMS collaboration: o1l Data  — NNLLypotNP £ o) 1102
W [t]p": 97-220 GeV
[CMS collaboration, 2402.13864] Q [ [Hlp)" 330-468 GeV
15T [1]p™ 638-846 GeV
- [{)p): 11011410 Gev
— +0.0014 +0.0030 +0.0023 1.4F Iq
13f
The most precise &, using jet substructure observable -
£59 3 107 . 107
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Conclusion

e There is a long-standing discrepancy between low-energy a, extractions in lattice
QCD and high-energy collider measurements.

0.25& T T N O O B N
e Fore'e™ colliders, we study the Sudakov shoulder | Combined perturbative uncertainties -
i : 0.20— == NLL§;+NLL3"+LO _
resummation for heavy jet mass - = NNLL,,+NNLLJ°+NLO -
Q ~ _
s . . I = . _
* Position-space scale setting is critical g Mer | !
* Provide significant corrections to the 3 o1or E
perturbative predictions o5k E
0.00:I L1 1 | I I | | L1 1 1 | L1 1 I'l\'l\l' | |:

0.10 0.15 0.20 0.25 0.30 0.35 0.40

e For pp — jj, we study the collinear resummation ’

of projected three-point energy correlators Lol PP JiO 13TV antick & Ro = 0.4

- pe € [300,350) GV [p] < 1.5

* The two-loop jet constants are calculated

S l4r
using modern multi-loop techniques. s |
= 12f
= I
* The most precise a; measurement from jet o -
: _ +0.0040
substructure: a(m,) = 0.12297 572 s B

0.01 0.02 0.05 0.10 0.20
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