Lniversitat

Strong Coupling Determination from
Eventshape Distributions

André H. Hoang
University of Vienna

Collaboration with: D. Kolodrubetz, V. Mateu, |. Stewart

International Workshop on Future Linear Colliders [ 0 N | MGG
Belgrade, October 5-10, 2014 ool LGl




Outline

®* Motivation & Introduction

® Factorization & Log resummation at N3LL order
® Singular vs. Non-singular corrections

®* Power Corrections

® Fits & Final result

¢ Conclusions & Outlook

International Workshop on Future Linear Colliders, Belgrade, Oct 5-10, 2014




Motivation

Eventshape analyses with analytic power corrections consistently get lower
values for the strong coupling.

as(mz)  determination from event shape fits

| [Dissertorieta] y MC power Analytic power i
0125k T corrections _ corrections _
I FO -
T,p, Y3, B [More details on talk by |.
R » né Erler, tuesday, plenary 3] -
0.120 " |70 Y3, B [Chien & Schwartz] T tail fits moments fits |
: ) : world average - :
i [Dissertorietal] T @ [Gehrmann et al] [AFHMS]
L NLL ¢ N2LL ]
0115k resummation 1 [ O -
= [Becher & Schwartz] T =
- N3LL [Davison V\l/;bber]. { 1 .
i resummation NLL [AFHMS] 7,0, Y3, B §
- L NBLL [Gehrmann etal] -

0.110
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C-Parameter Definition

linearized 0oB _ 1 pf‘pf e I A1,2.3
momentum tensor > ol == | with eigenvalues N Ao b A = 1

§ Zi,j 193] | P | sin” 0i IR and
2 » |ﬁi|)2 collinear safe

C =3 ()\1)\2 + A A3 + )\2)\3) =

« Double sum
« Does not require minimization
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C-Parameter Definition

linearized 0oB _ 1 pf‘p? e I A1,2.3
=5 170 - with eigenvalues
momentum tensor > |oi| == |pil A+ Ao + Ay =
— — . 2
3> . . |p:il|lp;|sin” 6;;
C =3 ()\1)\2 -+ )\1)\3 - AQ)\g) — _ 1,5 1 ‘1 5 vJ IR and
2 (3. 1pi]) collinear safe
1do Continuous transition from 2-jet to
odC 3-jet, ... multi-jet events
T ] L L B
i £ ]
sk ' ]
L ; ] .
[ . three jets ~ 0.
2 (———?i tail far-tail ] J C 0.75
- peak SE—
1IN 1 spherical C ~ 1 %
0.0 0.2 04 0.6 0.8 10
C
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Resummation of Large Logarithms

Event shapes are not inclusive quantities

1do 2041
OodC_ 3 C

) ® Large logarithms at small C

C
(3 tdlogo ... * Fixed-order pert. theory not valid

6

C
One has to reorganize the expansion by considering  «; log e o(1)

Counting more clear in the 5(C,) = /Cc dcid_a
0

exponent of cumulant o oo dC

log ¥(C.) = a,(log® C. + log C, + 1)

(log® C. + log® C, + log C, + 1)

(log* C.. + log® C,, + log® C. + log C,. + 1)
(

log® C.. + log* C.. + log® C.. + log® C. + log C.. + 1)
[Hoang,VM,

Schwartz, Stewart] . . . . .

[Becher, Schwartz] . ' 2 3 ’

[Chien, Schwartz] LL  NLL N-LL N-°LL not known!
[Abbate, Fickinger, Hoang,VM, Stewart]

[Hoang, Kolodrubetz, VM, Stewart] State Of the art
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Resummation of Large Logarithms

Event shapes are not inclusive quantities

1do 2041
OodC_ 3 C

) ® Large logarithms at small C

C
(3 tdlogo ... * Fixed-order pert. theory not valid

6

C
One has to reorganize the expansion by considering  «; log e o(1)

Counting more clear in the 5(C,) = /Cc dcid_a
0

exponent of cumulant o oo dC

log £(C.) = a,(log® C, + log C.. + 1)
a? (log® C.. + log® C.. +log C.. + 1)
a? (log* C.. + log® C.. + log® C. + log C.. + 1)
o (

log® C.. + log* C. + log® C. + log® C, + log C, + 1)
[Hoang,VM,
Schwartz, Stewart]
[Becher, Schwartz]

[Chien, Schwartz] LL  NLL NZLL N3LL not known!
[Abbate, Fickinger, Hoang,VM, Stewart]
[Hoang, Kolodrubetz, VM, Stewart] State Of the art

International Workshop on Future Linear Colliders, Belgrade, Oct 5-10, 2014



Factorization Theorem (singular terms)

1 do § A
= HQ X .J. ® S, + 0(60, ﬁ) [Bauer, Lee, Fleming, Sterman]

oo de / T \ Q
\ Nonsingular terms,

Universal Wilson . )
: Jet function  Soft function
Coefficient

Powe I corrections
N __ o J/

Perturbative and
Calculable in perturbation theory nonperturbative components

Leading power correction comes from soft function

A

Se = Se ® F€ [Hoang & Stewart] dO- da-
nonperturbative & :> p— ® Fe

i . VM, Thaler, Stewart T
perturbative perturbative [ ] de de

Hadron mass effects taken into account, but no time to discuss them
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Renormalization Group Evolution

large logs
mn Q
hard scale L ~ Q log" [ =
1L
The hierarchy among . 201
the scales depends e el py ~QvC/6 1o (Cg'ug )
on the position on
the spectrum
soft scale us ~ QC/6 log” (%)
6

facb e (*522)

Use profile function to describe the whole distribution
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Renormalization Group Evolution

The hierarchy
among the scales
depends on the
position on the
spectrum

hard scale LLE ~ Q
n /’L_H
log (MJ )
jet scale % wy ~ Q+/C/6
log" ('u—J)
Hs
soft scale us ~ QC/6
[ log” (292
Aqcp
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Renormalization Group Evolution

parameter default value range of values Y }

— — 100 e r——r—r———r—r—r———r—r—
: to 1. . C
Mo e 0 e i -
Ry 0.7 GeV 0.6 to 0.9 GeV 80
no 12 10 to 16 [
5 60
5 n 25 22 to 28 -
< [
i to 0.67 0.64 to 0.7 40
“ a
> ts 0.83 0.8 to 0.86 A
()] 20
= r 0.33 0.26 to 0.38 !
O [
(7] ej 0 — 0.5 to 0.5 0f—
ey 1 0.5 to 2.0 00
ns 0 -1,0,1
Lo T T T
@ TPP 155306 —1553.06 to +4659.18 . ! -
% s2 —43.2 —44.2 to —42.2
§ s 0 —3000 to 43000
S 0 —500 to +500
[ €2 low 0 —-1,0,1
<
3 €2 high 0 - 1) 07 1
00
K= €3 low 0 -1,0,1
(72]
é f3,high 0 — 1, 0, 1
0]
c
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Perturbation Theory Input

H(Q, n) Hard function known at 3 loops

T (s, 1) Jet function known at two loops

Running known at three loops

Soft function known analytically at one loop,

Sc(l, 1) numerically at two loops
Running known at three loops

. o 3-loop non-log jet and soft
Fixed-order predictions known at three loops —— functir())n corr.%tjill unknown

Mass corrections known at N2LL and two loops —» W-I-P., future update
My talk on thursday

FS QED corrections known at N3LL ———s Future update planned
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Soft Function Computation

[Kolodrubetz, Hoang,VM, Stewart]

Analytic computation of soft
function at |-loop

2 g CpefT™ [ £y 12
Sl—loop /) = s - Ie
¢ () pm(1 —¢) (,u) (€)

universal formula for all event shapes

LO=2  Ixe =i
€) = — ~(€) = =
-

€ © 2 I'(2¢)
S[lelf] L L | Ll bl T S[2CA]

i 4 T T T T
28:— CensTE . —30; -------------- 7
26 ] —40:- CeCa 3
24:_ ] —50;— .

: —60f 3
22F sirazensz==nt""" E L . ]

g -70F "\... .

({(’)1_4 ..1.(.)1_3 s 101_2 s 101_1 o 1(l)'o _80:' T
C 10~ 1073 1072 107! 10°

Numerical determination at 2-loops using Event2
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Kinematic Power Corrections (“Non-Singular”)

dons _ dégy  dog°
dc  dcC dcC

dops dops o F
full FO  SCET with dCc ~ dC =
fixed scales same shape function
as singular terms
LO (analytically)
Lo
-0.50F

1 dons  as(Q) as(Q) Y
oo dC on f1(0)+< o )fz(c)

N (aS(Q)>3f3(C) 4

-0.75F
~1.00f
-1.25F
~1.50f
-175F
—2.00F

21

00 02 04 06 o038 6'10

NNLO (from EERAD3)

gy f !

L e E
40':\ |l _-
L fs \ ]
H L oEw
o:—é".\\ I } | {I i | i -
F O ‘LI’—IL“‘?J"I‘;T‘T’“” L
-20r fit 4 | Interp
[ T At ]
_407' ] L. 1 1 ol
00 02 04 06 08 C 10
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Non-Perturbative Power Corrections (OPE Region)

Aqcop  Shape function can be N Py
For ¢ > Q expanded in the tail Fe(£) ~ 6(€) — Q10°(¢)

2

Y 5 : Q) A
do do 1 d do da( 1)+(9 QCD

de de Qdede de\" Q@ Oe

Leading power corrections

Universality: s =@, Oy proportional to each other,
calculable coefficient

No time to discuss

Hadron mass effect break this relation [VM, Stewart, Thaler] < in detail

€ . . .l . ; ;
We define the gap scheme for {27 in which it is renormalon-free E‘; ti'n’“je;’”d'scuss
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Convergence

Cdao Cdo

o dC o dC

QT T T 0T T T
Fixed Order Summing logs, no power corrections

mm NOLL
N2

0.5

NLL'

0.2

Q= Q=Mz
al s o A2 PR R PR R 0.].-I....I-...I....I....I....
0.2 0.3 0.4 0.5 0.6 0.2 0.3 0.4 0.5 0.6

— 7 06F
Summing logs, with power corrections

mm NPLL

0.1k

L I L] L] L] L] l L] L] L] L] I L] L] L] L] I L] L] L] L] l L] L] L] L]
Summing logs, with power corrections

05 and renormalon subtractions s N1/

0.4

full results

Q=Mgz
O.] s u 2 2 2 2 2 2 = s 2 a2 s a2 a2 = 2 a O] » 2 1l 2 s s sl s s s sl s s bl o s bl a
0.2 0.3 0.4 0.5 0.6 0.2 0.3 0.4 0.5 0.6

0.2
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C-Parameter Tail Fits

parameter default value range of values Y &

100 e

o 1.1GeV 1to 1.3 GeV
Ro 0.7 GeV 0.6 to 0.9 GeV
c no 12 10 to 16
8 ny 25 22 to 28
-g to 0.67 0.64 to 0.7
g o 0.83 0.8 to 0.86
% r 0.33 0.26 to 0.38
3 ej 0 —0.5t0 0.5
ey 1 0.5 to 2.0
NG 0 _ 1’ O’ ! ) L 1 1 1 1
@ TP 1553.06 —1553.06 to +4659.18 'UiIOO M 1 |
% s2 —43.2 —44.2 to —42.2 80_- Q=912GeV .
§ s 0 —3000 to 43000 '
g S3 0 —500 to +500
o €2,low 0 -1,0,1
% €2,high 0 -1,0,1
tgw €3 low 0 -1,0,1
‘é’ €3 high 0 —1,0,1
o]
c
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C-Parameter Tail Fits

] T

No Renormalon Subtractions | | With Renormalon Subtractions |

I B NeLL ! B NLL

14,’ Bl NLL ] 1‘4_’ o B NLL 7

12+ - 12} -

20 |} 20, | '

GeV i GeV i ]

Y 10k i ¥ 10k i

08 - 08} .

O T T T UKV TN TR I I I B I

0.1000 0.1025 0.1050 0.1075 0.1100 0.1125 0.1150 0.1000 0.1025 0.1050 0.1075 0.1100 0.1125 0.1150
as(mz) as(mz)

We perform global fits for energies
between 35 and 206 GeV. We restrict
ourselves to the tail of the distribution
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C-Parameter Tail Fits

2M
GeV

10F

0.8

0.6k .,

B R B e o
No Renormalon Subtractions

B NLL -
B NLL ]

L oo o o Lo oo o b oo o Lo o Lo g g a1y
0.1000 0.1025 0.1050 0.1075 0.1100 0.1125 0.1150

as(mz)

S —
1,4-—.N3LL

-l NLL
[ W NLL
13f

—
No Renormalon
Subtractions |

Lib

10

SEPE R DS R BN EN U N SR TN N N NSNS N N AU NN MY
0.1025 0.1050 0.1075 0.1100 0.1125 0.1150
as(mz)

Slight improvement
due to renormalon
subtraction.

: With Renormalon Subtractions

14

06f, .1

B NLL
W NLL ]

14

13

& [

1.1

10

Q’s(mz)
— T ——————————
With Renormalon Subtractions
H N°LL -
I Il NLL ]
B NLL

PRRIIT T S SRS T U TN TN SN R
0.1000 0.1025 0.1050 0.1075 0.1100 0.1125 0.1150

I.--.l--.-I.-.-l..-.l..--l.--.l:
000 0.1025 0.1050 0.1075 0.1100 0.1125 0.1150

as(mz)
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C-Parameter Tail Fits

| NoRenormalon Subtractions | | With Renormalon Subtractions |
! B NeLL s B N°LL
14f o 14F _ i
I Bl NLL | I )
12| - 1of i
20, | 20, | '
oV 1o . GV of ]
os i 08| i
0-6-|----l----l----l----lln.-:l----|-: 0-6:1....l....l....l-...l...-l....l."'
0.1000 0.1025 0.1050 0.1075 0.1100 0.1125 0.1150 0.1000 0.1025 0.1050 0.1075 0.1100 0.1125 0.1150
g d_O' as(mz) as(mz)
o dC
T T T
' h]\] Fit at N’LL for ag(my) and ;
040F theory scan error
0.35F Q=my Tiy Qg (mz) = 0.1121 + 0.00134}, £+ O.OOOGeXp + 0.0002h44q
030l @ DELPHI
“F @ ALEPH
0.25:_ : OPAL Qg (mz) = 0.1121 £ 0.0015
[ L3
[ SLD all errors combined
0'20 -l I.I L L | L l | | L L I L 1L I I l L B L L I
03 04 05 0.6 C 0.7
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Thrust fts see

Universality: Thrust vs. C-Parameter Abbate, Fickinger,

AH, Viateu, Stewart

N e e —— — — —— e s S | I B e o e e e o o R e e e
] ‘With Renormalon Subtractions
104 - 10 1-parameter 1-o ellipses

Noreomamswmcions | R€NOrMalon subtraction
1-parameter|1-o ellipses 1 .
improves (g agreement

i 1 0s[L ]
20, : ] 20, ]
GeV o7k ] GeV ]
A ] 07k ]
osl ] — . ]
C—Parameter |+ '+ 06 M Thrust ]
0Sf W Thrust e s 1
- osf- ]
045 , . 4 vy v A [P RN BN R R
0110 0112 0114 0116 0118 0110 011l 0112 0113 0114 01ls
as(mz) as(mz)
hadron-mass effects
have small effect
1 0: Including Hadron Mass Effects ]
s 1—parameter 1-o ellipses ]
[T ' " With Renormalon Subtractions ' [ ]
1oL 2-parameter 1o ellipses ] 09k ]
09F ] i \ N
:C Z.Ql 0»8_ T
Gev ]
20, * ] 071 ]
GeV E o] C—Parameter ] ]
07f s 06 I Thrust ]
06r 1 fair comparison with 031 .
H B | Y TN TR T NN SN T SN TN NN T S TN (N TN TN S T AN Y TN SO |
i 0110 011l 0112 013 oA 01D
ok 2-parameter|-0 P
il oot ellipses
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Result as(mz) = 0.1121 £ 0.0013¢;, == 0.0006exp = 0.00021 04

as(mz) determination from event shape fits

[Dissertorietal] 7 MC power Analytic power
0.1250 | corrections _ corrections
FO T,p, Y3, B
0.1225F e ® 0 &
T, P, Y37 B
0.1200 [Chien & Schwartz] T tail fits moments fits
L : world average
0 1 175 [Dissertori et al] T [Gehrmann et dl]
NLL N2LL CSEEER [AFHMS]

0.1150 resummation T O

) [Becher & Schwartz] -

3

01125 NLL L pavison wesber @ { 1

. resummation NLL AFHMS] . p.Ya, B
O 1 100 L N3|_|_ \ [Gehrmann et al]
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Conclusions: Strong Coupling from C-Parameter

Strong coupling again low compared to world average (-5%)

C-parameter slightly less precise

Consistency to the results from thrust (predicted universality confirmed from data)
State of the art: NNNLL(') order (missing: 4-loop cusp an.dim., 3-loop jet+soft fct)

Upcoming: bottom mass effects (see also my talk on Thursday)

Future update: QED effects
Upcoming: heavy jet mass \

None of these effects can possibly
eliminate the discrepancy to the
world average.
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