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Outline
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* Motivation & World average for o (M

~
Z/

* Event shapes - Thrust

* Previous work

 SCET factorization formula
* Numerical results, pictures

* New precise measurement of o, (A1,)

Our result: (preliminary)
as(M,) = 0.1135 4+ 0.0011 4+ 0.0006
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Motivation

A

Strong Coupling: Qg M)

® key parameter in the SM and enters the analysis of all collider data
(Tevatron, LHC, ILC)

® Important role in new physics searches (e.g. ew. precision observables,
, gauge coupliBg-unifigation)
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Motivation
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Strong Coupling: Qg Vi

.—--—...\
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* recent world average Bethke, 0908.1135

T-decays (N3LO) @ Baikov
Beneke

~
A=

Quarkonia (lattice) 'S : —0—
Y decays (NLO) I—:.‘.l—| Davier
- ; Maltmann ——o——
DIS F, (N3LO) —0— : Menke -
Narison —O0—

DIS jets (NLO)

0.30 0.32 0.34 0.36

|
ete™ jets & shps (NNL \

electroweak fits (N3LO) \
e’e jets & shapes “"‘*‘LD) — event shape results
0 11 0 12 0_13 Ols (MZ) at fixed order

—p Ever decreasing error from averaging,
BUT — after 35 years of work — still the O‘<Mz) = 0.1184 £ 0.0007

issue is far from being settled.
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Event Shapes

V2, B, N
] \

— (Classic method for determining g (M

-
z]

Single-variable jet distributions

e.g. Thrust
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ALEPH, DELPHI, |3, :

o
-

Cl |h—
i
=l |(n

151 .  2jets + soft radiation
;] /. T = O
0l
] . 2jets, 3 jets
B s —_ > 3 jets
0 1 R L e S |
0.0 0.1 0.2 0.3 0.4
T
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Recent Developments

Theoretical Advances: (all LO in 1/Q)

1) Fixed Order NNLO (3 jetS ﬁnal State) Gehrmann’ Gehrmann_De
Ridder, Glover, Heinrich

2) Fixed order NNNLO (2 jets state) Weinzierl

3) Proof SCET factorization theorem, massive quarks Fleming, Mantry, Stewart, AHH

(thrust, jet masses)
4) NNNLL (SCET) summation of large logs (massless thrust) Becher, Schwartz

5) Field theory treatment of power corrections, relation to Lee, Sterman

moments of non-perturbative soft function

6) Non-perturbative soft function implementation (SCET) without  Stewart, AHH
Ligeti, Stewart, Tackmann

O(Aqcp) renormalon in first power correction
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Recent Developments

SCET Order Counting:

LL NLL NNLL NNNLL
In 9% = (o, 1n)* In +(a, In)* + a(as In)* + a2(a, 1In)* + .
, Classic Counting
standard cusp non-cusp matching alphas
counting LL 1 — tree 1 LLA
emphasizes NLL 2 1 tree 2 NLLA
summation NNLL 3 2 1 3 NNLLA + LLO
N3LL | 4pade 3 p 4 NNNLLA + NLO
LL’ 1 — tree 1 LLA
primed NLL/ 2 1 1 2 NLLA + LLO
counting NNLL/ 3 2 2 3 NNLLA + NLO
emphasizes N3LL/ | 4pade 3 ] 4 NNNLLA + NNLO
fixed order

Theory error from Padé estimate of I'5""
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Recent Developments

Recent Analyses:

Dissertori, Gehrmann,

* NNLO[+NLLA] (for 7, o, C', By, By, yo3; ALEPH tail data) genrmannDe Hidder,
- with mp and QED correctlons (flxed order) R Stenze'
« error band method for theory uncertainties CARAR=APEES U EES (U NN U1
«  NNLO with smaller scale-dependence than NLLA+NNLO
* massless quarks as(M,) =0.1172 + 0.0013 £+ 0.0012 + 0.0012

« error band method for theory uncertalntles

® NNLO+NLLA (for 7, all tail data )

Davison, Webber

*  massless quarks as(M,) = 0.1164 £ 0.0022 + 0.0017

« hadronization correction model with (Y
* leading O(Aqcp) renormalon subtracted
 simultaneous fit for g and a4 (M)
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Hadronization Corrections from QCD Monte Carlos

Monte Carlo QCD:

.. ) ) parton A
i N, shower Partonic MC results are in
________ £ ki LL(+NLO) L A some (yet unspecified) scheme
 en o with an IR cutoff A, = 1 GeV
é*? /EE/ ?\\ —> free of IR renormalons
[ L
tE N | |
& A 9;%\ Analytic (multiloop) QCD:
frz. - £icut  Dim. reg. used to regularize IR
i'F df sl momentum contributions
z | !
?'/ /] “\\. I “\\\ /| l\\\ —> IR renormalons

— Hadronization corrections in MC’s cannot be used to estimate
nonperturbative corrections for multiloop results based on dim. reg.

—> All analyses using hadronization corrections from MC’s essentially fit
the perturbative multiloop results to the LL(+NLO) partonic MC
predictions.
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Improvements over earlier work

, _ Abbate, Fickinger,
1) Full treatment of non-perturbative effects from field theory Mateu, Stewart, AHH

(treatment of errors from power corrections in the tail region)

2) Stable interface between perturbative an non-perturbative effects

( O(Agep) renormalon subtraction at NNNLL)

3) Simultaneous description of peak, tail and multijet regions

(eventually analyze ALL data)
4) Account for factorization theorm for subleading order (SCET)
5) Consistent treatment of quark mass in SCET-QCD
6) Treatment of QED effects in SCET-QCD-QED

This talk: [ Thrust&tailfits"

Technology and all input available for peak fits to also treat p
and C-parameter at the same order.
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Basics

\)

N
.,
(N

c.o. £ L) I~ Y anift + 1 o 4/ P T
= SCLL —s consiader I ~1 ({7« 1)
UULLOIUUUL 4 T~ 1L U | >~ 4 ]
N V4
soft particies
2 2 2 | ,
m M: E . \ ~ e
zZ > jet > soft n-collinear | yd n-collinear
i ™, 4 i —
ey N e
R — ~_ A/ il i
e T ™, T T
e e I e

T e T = dxis
13 ” —_— e s K e T e
g ~mz = 91.2 GeV hard —— |\ =
1_F . /f \ \\ 1 1 _‘:
hemisphere-a hemisphere-b

prg =~ Miey ~ 20 GeV “collinear”

g ~ Feop ~ 5GeVor smaller, “soft”
down to Aqcp

——> 3 (or 4) distinct scales
EFT playground (SCET)

% André H. Hoang RADCOR 2009, Ascona, Oct 25 - 30, 2009
Ap-Dgz it



factorization formula
log summation

non-perturbative

effects (soft fct. S)

0.5%

Agep _
@

use fixed-order
non-perturbative
effects (soft fct. S)

Lee, Stewart
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do
dr

(

do ) sing
dT part

dog
O F

Aqcep
Q
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=

Partonic Cross Section (')

Korchemsky, Sterman; Bauer etal.
Fleming, Mantry, Stewart, AHH

Schwartz

(17 \ Siiig

Factorization Formula

do \ sing
(52) ~ o0 H(Q, 1) Un(Q: nq. i) / dedl Us(Qr — 8 — 0, g, i) Jr(QF, 1) S(£ — A, i)

dr part

RADCOR 2009, Ascona, Oct 25 - 30, 2009
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Partonic Cross Section ::

Factorization Formula

do \ sing , , .
(52) "~ o dedl Ug(Qr — 8 — 0, g, i) Jr(QF, 1) S(£ — A, 1)

dr part

« Matching coefficient known at O(a?) Moch, Vermaseren, Vogt
SN Gehrmann, Huber, Maitre

* non-cusp anomalous dlmenS|on O(ay)

« cusp anomalous dimension O(c) Moch, Vermaseren, Vogt
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Partonic Cross Section | =)

Factorization Formula

d sing

dr part
- Matrix element known at O(a?) Becher, Neubert
Moch, Vermaseren, Vogt

Za YR \
/iyt i

* non-cusp anomalous dimension O{«})

o
Nt

Tn(Qry o) = g Dise /d% (0T SOl

ﬁ—@ ® - ﬁ m@ @4_@_@ @——x- ®

udij (y, 1) = vy, 1) Iy, ) = [Qrcusp(as)ln(iyuge'm) + ’w(as)}*] (y, 1)
7
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Partonic Cross Section =1 .

Factorization Formula

do \ sing
(E>patt~ - H(Q’ ILLQ)UH(Q? - ILLS) / dEdE/ UJ(QT = E,’ Ha ILLS) JT(Q€/7 Iu])-

- analytically known at O(c)
 numerically known at ;

Schwartz
Fleming, Mantry, Stewart, AHH

| Becher, Schwartz
Kluth, AHH

Zé(€+ KT8 — B7)0]Y 5 Ya(0) X) (XY, YL(0)]0)
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1

/ (1 \ SIg
T

Partonic Cross Section (|

Ntwi /7 Dary
A

Factorization Formula

do \ sing
(52) ~ o0 H(Q 1) Un(Q: g i15) / dedl’ Ug(Qr — € — 1. i, pis) J7(QF 1) St (£ Im

dr part

Y

O(Aqep) renormalon in the threshold of the MS partonic soft function

A AR

-

A
Vi

* gap parameter A introduced to subtract the renormalon
- allows to define renormalon-free first moment {}; of the soft function

o’

with renormalon
S(f,#) subtraction

A = A(R) —I—R[a() &S(R) + aq Oé?(R) —|—] 2 l ] without
: “ "N subtraction
T T 0y e
renormalon-free subtraction  Kiuth, AHH b wN.
evolves with R-RGE o | - . S
: Tewel : A ) 2.5
— talk by I. Scimemi A f (GeV)
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Partonic Cross Section |

1 x‘i':‘-'A-.‘T‘
1y \ SIIEg

7

V= 7
A i /7 1Jddl
A

AN

Factorization Formula

d sing
(d_:> iN go H(QﬂI)UH(Q7II / dEdgl UJ(QT S elalal JT(QE/l ST(E - Al
part

scales become

278, equal for multijet
& region
/f"'f-—;;:_ |
80 T rr o
pa(T) o 722,// S "
% PN P run H
S U T )~ s\ T) v
40 / e s
e
Pt :US(T) X T | | run J
S s profile 1S
functions
r..—‘" —————
0.0 0.1 02 03 04 05 A(,,2(3D
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Partonic Cross Section |

1 x‘i':‘-'A-.‘T‘
7T\ SIIig

/

7
£ 7

1

% Ei/

N /7 par
i

Factorization Formula

d sing
o el il v Pl B
part

" //'__,/’;ﬁ-— - L
pa(r) oc T2
60 / /'r\/ 2y Ve N
o R(T) ~ ps(T)
o
P Tps(T) o< T
20__//.--- profile
. functions
O,G 0.1 02 0.3 04 .3

scales become

equal for multijet

region

Errors from varying
Profile Parameters:

Ho M1 Tg €7
rn = pn/Q Ts
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5 ¥

= .

Partonic Cross Section |

7
[;luz -

Ap-Dgz it

_CD
=3
[%
o
()

3-loop fit, data 2, & parameters

*
|

. . i !
oS .c}p;h v nm,
. I LT

: h'r'n" 3L

| T t
' 1
I

202 B

Errors from statistical
uncertainties and scale setting:

627 63 nS
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Soft Function Model

—> Expand non-perturbative soft function in terms of a complete set of
basis functio%ns to reduce bias in the soft function parametrization.

. YT A-I—Ir\ r\-l— -l—iz-\_:r\: Q!\:-i—i-l— -i—‘-!!v-\r\v-i:—:/\:m
VWILLULL UL U1IT OULL LULIUUIULL
.
P AT TYT AT n/‘\f\"-Hf\m‘.-("
(|

o convergence — F(k)
| ' — F®)(k)
— Fi(k)
>0 F®(k)
i E(l](k)
— 1 4N FlO)(Ek)
=
Ry
0.5
0 ..%q"‘:--n_
0 02 04 06 08 1 1.2 14 1.8

k [GeV]
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First Look at the Results

Impact of gap subtraction:

[
f

!

NTT, NNTT NNTT, NSTT WIT T/
ANLadly NNy ININ Iy AN Lsly AN Luly
1 do
_T_ i i
o dr soft function without gap
06 06
05 05
- fd
L4 W
03 03 B
0.r 02
01 01
®o0 oo 0.04 006 D8 00 012 014 op
: 2 : : : : : : 00 602 003 006 008 010 012 014
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First Look at the Results

Impact of gap subtraction:
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First Look at the Results

Impact of gap subtraction:
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First Look at the Results

Impact of gap subtraction:
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First Look at the Results

Impact of gap subtraction:
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o dr summing logs only with soft function and gap subtraction
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First Look at the Results

Impact of gap subtraction:
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Degeneracy: &, vs ()

Why qglobal fits for all Q values are needed:

- Degeneracy lifted by fitting to data from
multiple Q values simultaneously

s A~ A~
Wy o\ WU o\
i [ i
[ I [ I
\NaT / \NT / def
ar AT/ def Q=35 Q=912

Co — 0.5
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Our Fit Procedure: do/dr bins

° x*fit accounts for

« statistical experimental errors

« systematic experimental errors (uncorrelated &

minimal overlap within each data set)
« alldata ¢ > 35 GeV included in a global fit

W/ ~ O \IJCT V¥V
-

® Theory errors

e 500 different X.z#fits with random scan over 13-dimensional
theory parameter space (flat probability over each
parameter range)

« around 120 such fits carried out

® Downward fluctuations for () > M, data

« 28 data bins with “too” low values or unnaturally small
experimental errors identified and removed from the fit

(mostly located at 7 > 0.33)

variation

scale

2-loop ~

3-loop =

Q-: IT::
-

|

t\j|
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Fits to do/dr bins: theory errors
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with gap subtraction
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Fits to A/, = [dr 742 : theory errors

~ with gap subtraction no gap
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Fits to do/dr bins: diff. datasets

with gap subtraction
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Fits to do/dr bins: m

», and QED

¢ }m
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with gap subtraction

with

bottom
corrections oSN

\\\\\\\ Our result: (preliminary)
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as(M.,)

as(M,) = 0.1135 & 0.0011 & 0.0006
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Peak and Multijet Regions
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Conclusions & Outlook

AT
1V

r

——,
N

i
~

i

* No entirely consistent overall picture concerning methods to determine as()
® Current world average essentially comes from the lattice

Event shapes:

® SCET provides powerful formalism to provide predictions with high precision
for jet observables

® Consistent field theory implementation of non-perturbative effects
® Presented results applicable to jet masses and C-parameter

* Soft function determination from peak fit

* Bottom quark mass from ) < 35 GeV data

® Future: hadron event shapes

Tail Fits for Thrust:

as(M,) = 0.1135 £ 0.0011 = 0.0006
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