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Inkroduckion

More than a decade ago, the theoretical description of evenb-
shape distribution qot boosted

o Fixed-order prediaﬁoms @ 0(a?) [CPC 1¥5 (2014 ) 3331]
6 Resummation at N3LL (SCET) [JHE? o7 (200%) 034 ]

o Dijet power corrections [PRD 76 (Roo7) 014022]

o Soft renormalon subtraction [PLB &60 (200%) 4%3-493]

Expev&mem&at daka on evenk skapes also very precise

Motivated fits to data to obtain strong coupling

Thrust [PRD ¥3 (2011) 074021, £EPIC 73 (Ro13) 1, 2265
Thrust moments [PRD ¥6 (R012) 094002]

C-parameter [PRD 91 (2015) 9, 094-017-1% ]

Moments to many event-shapes [EPIC 67 (Ro10) 87-72]
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Inkroduckion

Analytic power corrections, moments + O(a?)
1 Thrust Moments
Full N3LL' results (AFHMS '12)

T, P, Y3, B Moments
(GJL '09)

Analytic power corrections, distribution + O(a?)

3 ——— C—parameter N°LL
(HKMS '14)

Thrust N3LL
(AFHMS '10)

Thrust N2LL

C—Parameter i (GLM '12)
B Thrust

0110 0111 0112 0113 0114 0115 Thrust NLL
@s(mz) (DW '09)

Although s was obtained with high accuracy, the cenbtral value is
uncomfortably small (compared to world average)

This has raised &om&roversj A recent years
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Analytic power corrections, moments + O(a?)
1 Thrust Moments
Full N3LL' results (AFHMS '12)

T, P, Y3, B Moments
(GJL '09)

Analytic power corrections, distribution + O(a?)

3 ——— C—parameter N°LL
(HKMS '14)

Thrust N3LL
(AFHMS '10)

Thrust N2LL

C—Parameter i (GLM '12)
B Thrust

0110 0111 0112 0113 0114 0115 Thrust NLL
@s(mz) (DW '09)

Low values confirmed bj recent an&ijsis
[Bell, Lee, Maleris, Talbert, Yan, 2311.03990]



Review on strowng &oupi.mS
£iks from event-shape
diskributions
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Partoniec ecross section

; ao o ds A6
Partonic cross seckion = +

dr sl

[Schwartz PRD 77 (200%) 01402¢]
[RBecher & Schwarkz JHEP o7 (Roog) 034 ]

[Fleming, Hoang, Mantry, Stewart PRD 77 (200%) o074-010]
[Bauer, Fleming, Lee, Sterman PRD 7% (200%) 034027]



Partoniec ecross section

: ao o ds A6
Partonic cross seckion = -+

dr sl

Y MH = MH = Ms
resummation is
switched off

T “canonical”
scale se&&ivxg




‘Par%m«w ErOss se&%mm

Parbtonic cross seckion — . .




Partoniec ecross section

o resummakbion

[PRD 91 (2018) 9, 094-017]
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The soft function has an u = 1/2 renormalon that must be removed

[PLB &60 (Ro0¥%) 4%3-493]
Use soft gap subtractions [see tallke bfj M. Benitez]

Other subtractions & profile for subtraction scale: [see talk by C. Lee]
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Hadrownizakion corrections

Dominant source of non- . modes with lowest virtuality
i confined to soft function

per&urba&ive corrections

[Korchemsky, Sterman] [Hoang, Stewart]

S (!):' da's (1! 1h

j.' Qfae_ro&or d@.&hiﬁah: [Lee, Stermain] [VM, Thaler, Stewart] \'

11 5= 0%Y,(Q9Y; %0 tnvolves 4 Wilson Lines in fixed directions}

because 2-jet configuration is “unigque” }

Implications for the cross section

%:%"Ii+0;"éCD d_I:d_b |i+o; éCD
T aQ Q"2 @~ dQ Q>

is this justified?
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Resulks
6

Fit to thrust data at many com, ehergies | | — 0.33

Q

Use minimal overlap model for experimental correlations

Perform random scan on per&urba&ive_ parameters to account for
theory correlations

full
results

no gap
results

0.0
0.115 0.120 0.125 0.130 0.115 0.120 0.125 0.130
g (mz> g (mz)
(a) (b)

U!ﬂc{o&ed resulks in [kalle bj M. Benibez]
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dataset in fits includes 3-jet region

assuming the 2-—;}@.& power correcktion is valid there

Motivations for such assumption:
o

f sinqular and ns shifted
differently, cancellation ruined
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Caveats on fik resulks

dataset in fits includes 3-jet region

assuming the 2-jet power correction is valid there

Motivations for such assumption:
o Ewhsures singular-vs hown-singular cancellation

not a it

£ik region

Fit at N3 LL for Oés(mz) & Q full (as=.1135, Q; =.324 GeV)

+theory scan error
no €24 (o, =.1135)
theory scan error 101 full, BS profile (o =.1001,
Q; =.371 GeV)
no €21, BS profile (e:=.1172)

DELPHI
ALEPH
OPAL
SLD

|
0.10




Caveats on fik resulks

Main poink of concern: dakaset in fits includes 3-jet region

assuming the 2~je& power correcktion is valid there

Motivations for such assumption:
o Ewhsures singular-vs hown-singular cancellation
o Data suqqests such behaviour
o If singular terms dominate, this is justified

in most of the fit region, sinqular
clearly dominates

dijet region obviously exists!!

nons;3§31< e . :
R more conservative analysis:
| restrict fit region [see talk by M. Benitez]
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3-jeb: n terms of & Wilson Llines

Non-perturbative vacuum matrix element of different operators



Recent studies of power corrections

Luisoni, Monni, Salam [EPIC %1 (Ro21) 2, 15% ]
Use dasparsiva model ko “compu&e” power correction at C = 3/4

Find that, within that model 17 €1 21 2

Coveol: the dispersive model has a single v\ounperﬁurba&ave
parameter, heice all power corrections are related to one ancther

Real-life computation: needs an operator definition

2-jeb: in terms of 4 Wilson Llines

] 't be related
3-jeb: n terms of & Wilson Llines canitive e

shoulder

In cerbtain Limiks, direction
of WLs are fixed

2-jeb
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Use large-! o Limit, giving the gluoih a small mass

Power correction given by term Linear in my

1 = Thrust
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Recent studies of power corrections
Caola et al. [JHEP 12 (RoR2) o62] [see talk -bv P. Nason]

Use Large-! o Llimit, giving the gluon a small mass
Power correction given by term Linear in my

Caveats
Assume gluon mass is the smallest scale i the Prabi.em
Assume 3 jebts can be resolved i di-jet regions

1 = Thrust

very steep falloff

t

impués di,j@& does notk exist! | 005 01 015 02 025 03



Recent studies of power corrections
Caola ek al. [JHEP 12 (Ro22) o62] [see talk bfj P. Nasown]
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Recent studies of power corrections
Caola ek al. [JHEP 12 (Ro22) o62] [see talk bfj P. Naso ]

nonsingular

[ singular
\ total

but itk does... and g

seems more habural

di-jet dominates for a while and
then smoothly becomes the 3-jet |
power correction . T

exact form not known: ohe must

investiqate the effect of varying

015 0.2 025 0.3

ks functional form on uncertainty :



Recent studies of power corrections
Caola ek al. [JHEP 12 (Ro22) o&2]

variation quite mild
i fit region (30%)

expect mild effect
on ! g "FE,ES

005 0.1 015 0.2 025 0.3
T

since power correction U
the fit region, one expects ! s will
come out when fitting



Concerns o Caocla eb al.

Same prabiams as Luisoni ek al.
Crluon mass “universal” Mmuwparﬁurbaﬁive mema&ar
No operator definition was given

One would expect operator with &6 WLs with vartable directions
a single thrust value requires varyiihg the WlLs direction



Concerns o Caocla eb al.

Same probi&ms as Luisoni ek al.
Crluon mass “universal” Moumper&urba&ve pamma&er
No operator definition was given

One would expect operator with &6 WLs with vartable directions
a single thrust value requires varyiihg the WlLs direction

Conceptual issue: 3 jets cannot be resolved for small tau values

scaling of jet momentum: |  can be estimated from
M= (piig B ) peak position or size
| | of ! 4
PO ek

. |1 (1.3,2.3)GeV



Concerns o Caocla eb al.

Same probiems as Luisoni ek al.
Crluon mass “universal” Mcws«mpar&urba&ve Farame&m
No operator definition was given

One would expect operator with &6 WLs with vartable directions
a single thrust value requires varyiihg the WlLs direction

Conceptual issue: 3 jets cannot be resolved for small tau values

scaling of jet momentum: |  can be estimated from
= (pii b peak position or size
| of ! 4
i R R T ‘F
i o falO 11 (1:3 2 88GeV
2

opening angle of jebt 15! 4 6
to resolve 3-jebs: angle bebween Jets larger than opening angle

Jet energy larger than P of sub-jet



Resolving 3 jets

To be definite,a! L weans a> 3t

R subja%s collinear, back to back with the hardest Jet
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Resolving 3 jets
To be definite, a! L meahs- P

2 subjets collinear, back to back with the hardest jek
3

from the condition !o3! !;

| onhe qebs jets are resolve for

S - o- -




Resolving 3 jets

To be definite,a! L mweans a> 3t or a> s

R subja%s collinear, back to back with the hardest Jet

from the condition 3! !;
a1 4 ™  one geks jeks are resolve for
| > 0.18 at Q = My
2
1 subjet soft, other subjet collinear to the hardest jet
3 Ei = B = %(1 L)

2 1 E3 — QI I E]_, 2
b, |18 O T )2 G




QQSOLVEMS 3 je&s

2 subjets collinear, back to back with the karc{es% Je&

from the condition 3! !;
s | TANE onhe qebs jets are resolve for
2 9,
1 subjet soft, other subjet collinear to the hardest jet
3 E1= Eb = %(1 L)

A 1 E s QI . E1,2
b7 | 8 CIRE™ )

from the condition E3! |p; | one geEs- at Q= my




Recenk amod.js&s using new ci@.velopmemés



Anatvsi;s of Nason-Zanderighi

New results on power correctiohs have triggered a new analysis
[JHEP o0& (2023) o5% ]

o Uses data only at the Z pole (exclude low @ daka)
o Combines various variables: thrust, C-param, ys

o Includes event-shape d@.pes«o&ev\& power correction
o Neglects resummalion i the entire spectrum
)

Ignores theory correlation among observables and bins



Anatvsi;s of Nason-Zanderighi

New results on power correctiohs have triggered a new analysis
[JHEP o0& (2023) o5% ]
o Uses only ALEPH data at the Z pole (exclude low @ daka)

o Combines various variables: thrust, C-param, ys

o Includes event-shape d@.pes«o&ev\& power correction
o Neglects resummalion i the entire spectrum
)

Ignores theory correlation among observables and bins

including resummation
N im§0 R e including low enerqy daka
ncluding Eheorv correlakions

of fits ot lower orders (convergence?)

Reduced 2&5 asEoanhimQL:j small (below ©.2)
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Cowncerns o Nason-Zanderighi

Resummoaltion crucial to have order-by-order convergence, &
essential for dataset independence [see talk béj M. Bewnitez]

Bin-by-bin theory correlation cannot be ignored (bias)

Shape-to-shape theory correlation cannot be ignored

in particular since it is crucial to
breal degeneracy between skrong
coupling and power correction

leaving out Y3 puskas s up

Using Low-energy data could help clarify these issues

Since we do not understand some points, we Aid a reanalysis
[ see talle béj M. Benitez]
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i £ik region
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Could this mean NZ's fiks are not robust?



Cowncerns o Nason-Zanderighi

surprisinhg outcome given the mild
dependence of power correction
i £ik region

Cur reanatvsis looles qui&e
different! [see tallk by M. Benitez]

Could this mean NZ's fiks are not robust?

Loolﬁtv\g at thrust bv ikself, indeed mild change, but pushes ! s dowir
ﬂ-

! -de.pemdem& power correction
\ 01194 | 051 | 1.0 | 005 | NI\ power correcktion

Large values of ! s possibly caused by excluding resummation



Conclusions

\fe'rj relevank POEV\E raised bj recent Pubi.ix:aﬁwv\sr

Coan ohe trust 2-jet power corrections i the 3-jet region?
Most Likely: no

This has briggered new aompu&&&ohs and a new amaifjsis

Bub these are based on some ques&iomabte assumptions

Outcome of models not necessarily correct

3-jets cannot be resolved for small event-shape values
Dijet region exists!

Resummation is important

Low enerqy data is important

Correlations are important

Q © 0 0 QO 9

Motkivated ko malee a ra&matjsis

More details in next talk [by M. Benitez-Rathgeb]



