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Overview

Discrepancy between o, determinations using non-perturbative . PDG 21
corrections based on Monte Carlos, and those based on analytic ALEPH (j&s) L o

OPAL (j&s) ——— i
approaches JADE (155) it

Dissertori (3j) —i— ete~
Discrepancy between o determinations from e*e™ event shape PADE (3)) ——o ' jets

. . Verbytskyi (2j) ‘e &

observables based on analytic treatment of power corrections and Kardos (EEC) — shapes
world average Abbate (T) o~ i

Gehrmann (T) F——@— : :

1 . . . |Hoang (C) —a—i :

Triggered new analyses on treatment of power corrections in 3-jet l

region
Luisoni, Monni, Salam ‘20 Caola et al ‘21 Caola et al ‘22

New «; analysis (used new model for treatment of PCs based on 3-jet kinematics, no resummation, ...)
Nason, Zanderighi ‘23

Analysis suggests that uncertainties on «; should increase

Topics addressed in this talk:

Improvements compared to the analysis carried out in 2010

Address questions raised in the recent literature/criticism directed towards the 2010 analysis

How to carry out a determination of the strong coupling from thrust in 2024
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Experimental data

Experiment

Values of the center of mass energy Q
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{91.2,133.0, 161.0, 172.0, 183.0, 189.0, 200.0, 206.0}

{45.0, 66.0,76.0, 89.5, 91.2, 93.0, 133.0, 161.0, 172.0,
183.0,189.0, 192.0, 196.0, 200.0, 202.0, 205.0, 207.0}

{91.0,133.0,177.0,197.0}

{41.4,55.3,65.4,75.7,82.3,85.1,91.2,130.1, 136.1,161.3,
172.3,182.8, 188.6, 194.4, 200.0, 206.2}

{91.2}

{14.0,22.0, 35.0,44.0}

{35.0,44.0}

{55.2}

Standard dataset: 35 GeV <Q

6 GeV
——— < 71<0.33
487 bins

Correlations treated in minimal overlap model



Theory: Dijet Factorization Formula for ¢ e~ Thrust distribution

Perform tail region fits of Thrust Distribution in dijet region

T =1 — max (2:Z P _,nT|)
ir \ 2 |Pil

Based on factorization fOI’mula from SCET Fleming, Hoang, Mantry, Stewart ‘07 Bauer, Lee, Fleming, Sterman ‘08

Abbate, Fickinger, Hoang, Mateu, Stewart ‘10

do
— = [ dk
dr /

dég N déps - k
dr dr Q)

Includes Resummation / i

daQCD
dr

= QZUIHQ(Q pa)Un(Q, pa, 1)

x/dsds Jr (8, u))UG (s — 85 p, )

—28(R,us) 8
8 /dk’Ug(klaﬂa ,US)e ) @ ’ 5’1 S”Part (QT B % B k‘/,p,3>

+ subtractions
+

n o | 0'(7)
zZasé(T)—l-Zas .
n n,l

Singular partonic for massless quarks

QCD final states

dO' ns
Z « f n + subtractions

Z a; 7" lnj

1,7=0

O(as) contribution known analytically
O(a?) from EVENT2 (incl. more statistics)

O(a?) from Colorful (formerly EERAD3)

Nonsingular partonic

F:(k) = shape function: parametrizes
dominant source of soft NP had. effects

In tail of distribution F>- (k) expanded in
OPE

Leading NP matrix-element reads

(QP)Y,}(0)Y7(0)/0)

0 = N

Nonperturbative soft function
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Updated Profile functions

Factorization formula for the singular partonic thrust distribution governed by three renormalization scales

Hard scale: g Jet scale: wy Soft scale: ug

To avoid large logs while not spoiling singular vs non-singular cancellation in the far tail, the above scales must satisfy
Abbate, Fickinger, Hoang, Mateu, Stewart ‘10

peak:  ug ~Q, ps~+/Aqcp®@, s 2 Aqep
tail: pE ~Q, py~QVT, pus ~ Qt
far-tail: pug =py = pus ~ Q

i I L} L] L} L} l L L L} L} I L} ] L L I L} L} ] ] I L L} L] L} l |
lOO_— -
80F -
60:— Q=my -
40:— HH -

i 2010 profiles s

Y i I BT B I B B
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Updated Profile functions

Factorization formula for the singular partonic thrust distribution governed by three renormalization scales

Hard scale: g Jet scale: wy Soft scale: ug

To avoid large logs while not spoiling singular vs non-singular cancellation in the far tail, the above scales must satisfy
Hoang, Kolodrubetz, Mateu, Stewart ‘15

peak:  ug ~Q, ps~+/Aqcp®@, s 2 Aqep
tail: pE ~Q, py~QVT, pus ~ Qt
far-tail: pug =py = pus ~ Q

M I ) ) ] ) I ] 1 ) ) I ) ) ] 1 I ) 1 ) ) I 1 ) ) 1 I |
100 -
80 7 {implements correctly
i ’ canonical scale setting in
60 Q=my - tail region
40:_ — g - variable slope g fit stability
i parameters for different
20F F.J 3 regions more independent
i 2015 profiles HS 1 |scales merge earlier
Y i N BT B BT B B -
0.0 0.1 0.2 0.3 0.4 0.5

-
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Theory: Final comments

Self normalization of Cross Section: 110 Norm as a function of order, with N*LL' Resummation + ©; + gap
' B ® Integrated Norm
. . B —==Fixed order
e Experimental data normalized to total number of events Los5E
e *--------
* Need to normalize distribution to the total Cross section | oL .
. h
g -
. . o -
e (Can use available fixed-order result for total hadronic 2 0.95F
Cross Section or integral of do/d7 distribution i
: 0.90F .
* For gap scheme, integrated norm and fixed-order norm -
give Compatible results O 8 : 1 L 1 1 I 1 1 1 1 I 1 1 1 1 I 1 L 1 1 I 1 1 1 1 I 1 1 L 1
0.5 1.0 2.0 3.0

Order
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Assessment: Impact of Resummation

S AL AL B AL EELENL AL AL BN
SE_ O(as)
4 Fixed Order, no 2 O(a?) E
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Assessment: Impact of Resummation
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Assessment: Impact of Resummation

1.0+

0.8+

06- Fit excl.
21 | resummation

(GeV)

04l o [Q,OQS
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|

0.2} Q@ -
13 0.88
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[T T ])(2/d0f
m max
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0.8+ Q] 08| Q] |
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291 : _630'25_ | 2{21 _5,0.25_
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0.2+ @ : : 02k LQ .
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* Instability

e Larger X 2

e [ ess data available

e Order-by-order convergence of cross section spoiled

Using a fixed-order description leads to equivalent predictions as the resummed description in
regions where resummation effects become small, but 1s accompanied by severe problems:
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Assessment: Treatment of Power Corrections

as(myz) o as obtained from [6/Q), t3] fits

We compare fit results for as and {21 for two different
treatments of PC

e Our previous treatment of PC, 1.e. flat behavior
across thrust spectrum Abbate, Fickinger, Hoang, Mateu, Stewart ‘10

* Model predictions for 3-jet region Caolaetal 21 Caola et al ‘22

What we observe: (Error bands contain only experimental errors)

e Outcome for strong coupling gives compatible results for
the fit range 7 € [6/Q, %]

e Nonperturbative matrix element 1s comparable between
the different treatments as well

e Expected, since model predictions are flat in the region
where we perform the fit — this only acts as a shift in the
distribution but will not influence o
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0.120;
0.118}

0.116]

0.112}

0.110!

= Ql (dljet)
- ¢(r)Q (JHEP 12 (2022) 062)
0.114f & — \
015 020 o025 o030
l3

¢y 2, as obtained from [6/Q), t3] fits
1.0

0.9

0.8}
07; l;””’
0.6f

0.56

L - Ql (leet)
- - ((7)9 (JHEP 12 (2022) 062)

ttttttttttttttt

C(T) 2, as obtained from [6/Q), 0.15] fits
1.0

0.9

0.8}
0.7f
0.6f

0.58

vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv

- - Oy (dijet)

tttttttttttttttttttttttttt
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a, from Thrust in 2024: Treatment of Power Corrections

* Range of dijet region in thrust spectrum Fixed-Order terms at O(a?)
L S
currently under debate '
10! 3
e Numerically, singular terms dominate beyond : — singular
. . . S |k 0 i . nonsingular
the peak region, irrespective of com-energy S 10 — total
- - J0% 259%
e For 7 = 0.1, the kinematically power suppressed oll T
nonsingular contributions only amount to 10% F
of the pure fixed-order cross section at @(af) 10-2' N T I I VN
0.0 0.1 0.2 0.3 04 0.5

— consider dijet power corrections to dominate for 7 < 0.11

(scaling arguments would lead to an analogous conclusion)
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a, from Thrust in 2024: Treatment of Power Corrections

From now on: restrict fit range to [6/Q,0.15] — possible due to new profiles which provide stability of fit

Question: How to obtain an error estimate for deviations from the dijet treatment of the power correction for 7 > 0.11?

Proceed as follows:

e Use model function for PC

125 ! ! ! I | _l T T T | T T T T | T ]
.. ) : > vary Ty,
dijet =P 1.00f \ T :
L | -
= 0.75F : '
Gy 0 <7< Tt ™~ - : l ]
C(T) = C_C(TiV7 07 07 Tevy Tbts Tet) T) Tbt < T < Tet i 0,5():— — o012 ? _ —:
\ Cev Tt < 7 <0.5 fbt o . vary (., 1
0.25 Cev =0.75 3']et -
- | 1 | |
0.085 0.1 0.2 0.3

e Vary parameter responsible for deviation away from dijet treatment of PC’s, as well as parameter defining the
value the model function attains at 7 = 0.5

e Look at impact on o and
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a, from Thrust in 2024: Treatment of Power Corrections

0.110
0.07 0.08 0.09 0.10 0.11 0.12 0.13 0.14 0.15

Fit range 7 € [6/Q), 0.15]

Error bands contain only
experimental errors

< range of variation — ]

Tht

0.4
0.07 0.08 0.09 0.10 0.11 0.12 0.13 0.14 O.

Fit range 7 € [6/Q), 0.15]

Cov = 0.75 1 = (o = 0.88

: - Cov = 113 1= (o = 1.25 ]

|
| ]
' < range of variation — ]
| ]
|

Error bands contain only
experimental errors

15

Tht

Consider upper part of 7}, range to make the error estimate

Uncertainty estimate: Half of the difference between the maximum and minimum best fit

value of a, obtained when varying ey, in the range [0.75, 1.25] for constant Tht = 0.11
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a, from Thrust in 2024: Updated default setup

0.0 7 7 T 1

200 | ]
(GeV) |
0.68

0.66
0.64
0.62

0.60

0.58}

Ellipses only contain
0.56 | experimental uncertainties

0.1130 0.1135 0.1140 0.1145 0.1150 0.1155

as(my)

e Increased experimental uncertainty due to smaller fit region [6/Q,0.15]:

s = 0.1142 & 0.0006ers % 0.0009¢xp+02, & 0.0004 356 = 0.1142 + 0.0012¢0; (2)/dof = 0.86
e Compare to 2010 thrust fit ([6/Q,0.33], without QED corrections): Abbate, Fickinger, Hoang,

Mateu, Stewart ‘10

as = 0.1140 &= 0.0008,¢rt &= 0.00086xp+0, £ 0.0001p,9 = 0.1140 == 0.0010¢0
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Historical Outline & Conclusions

2010 analysis used profile functions, which gave rise to unstable behavior of fits and
furthermore used a wider default fit range, 1.e. 7 € [6/Q,0.33]

Use of 2015 profiles improves stability of fit

2024 assessment shows that resummation 1s important when carrying out fits in this
context. It further demonstrates, that 3-jet model of Caola et al. only has small effect on
outcome of strong coupling

Due to improved stability of the the fit — able to restrict fit region to [6/Q, 0.15], which
1s mostly dijet

Even in new improved default setup, which 1s mostly dijet and contains error estimate of
deviations from dijet treatment of power correction, strong coupling is still small
compared to the world average — this 1s in agreement with 2311.03990
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