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***| Introduction: Event Shapes in e*e"

Consider a tipical jet event at LEP:

Centre of screen is €
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[Introduction: Event Shapes in e*e’ ]

Consider a tipical jet event at LEP:

[s it possible to extract usefull information from the
shape of an event?

- N ! 4 .
Y
LT : 510 20 o GeV
Centre of soreen is © 0.0000,  0.0000,  (,0000)
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[Introduction: Event Shapes in e*e’ ]

Consider a tipical jet event at LEP:

[s it possible to extract usefull information from the
shape of an event?

‘ LT ' 510 20 50 GeV
Centre of screen is € 00000,  0.0000,  0,0000)
o
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[Introduction: Event Shapes in e*e’

Various proposals to measure shape of events finding ways to
parametrize the geometry of hadronic final states:

e Thrust: e 2 |Pi - 71|
r - 0
R— i
-
: : 1
Doyt evenl U S spherical events: [’ —— —

2
% smooth transition
Ap-Dgzit
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"'[Introduction: Event Shapes in e*e J

Various proposals to measure shape of events finding ways to
parametrize the geometry of hadronic final states:

e Thrust: e (Zs pi ﬁl)
r - 0
B ALEPH o K
=
P 4
2-jetevents: [’ ~ 1 spherical events:

For events with 3jets 7'~ 2/3
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"'[Introduction: Event Shapes in efe J

* Various proposals to measure shape of events finding ways to
parametrize the geometry of hadronic final states:

e Thrust: e (Zr pi - ’”’|>
r - 0
T T | T T T | T
10 ALEPH data B
1
10"
Q=M, ]
10_25— .’_E
i #
10°L T I B
0 0.1 0.2 0.3 0.4 S
1-T 1
Doyt evenl U S spherical events: [’ — 5

% For events with3jets T ~ 2/3
ﬂr'A"?it von Humboldt %

Max-Planck-Institut fiir Physik ~ 14.11.2013 LCWS 2013, TOkYO G. Luisoni 9 Stiftung/Found
(Werner-Heisenberg-Institut)




“‘[Introduction: Event Shapes in e*e’ J

From theoretical point of view:
e Many are Infra-Red and collinear safe (-> suitable for computations)

e Perturbative picture:

Deviation from 2-jet configuration
proportional to a

V/Z°
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***| Introduction: Event Shapes in e*e

From theoretical point of view:
e Many are Infra-Red and collinear safe (-> suitable for computations)

e Perturbative picture:

Deviation from 2-jet configuration
proportional to a

e+

V/Z° 3-jet known at NNLO QCD
4-jet & 5-jet known at NLO QCD

3 je ts NLO /NNLO [Ellis, Ross, Terrano; Kunst, Nason; Giele, Glover; Catani, Seymour]

[Gehrmann-De Ridder, Gehrmann, Glover, Heinrich; Weinzierl]

4 jets NLO [Nagy, Trocsanyi; Signer, Dixon]
5 jetS NLO [Frederix, Frixione, Melnikov, Zanderighi]
% first 6_7 jets NLO [Becker, Goetz, Reuschle, Schwan, Weinzierl] =
ApBy=it : : von Humboldt MJ/
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| Introduction: Event Shapes in e*e-

From theoretical point of view:
e Many are Infra-Red and collinear safe (-> suitable for computations)

e Perturbative picture:

Deviation from 2-jet configuration
proportional to a

V/Z° 3-jet known at NNLO QCD
4-jet & 5-jet known at NLO QCD

Z
<

3-jet NLO EW known

3 jets NLO EW [Denner, Dittmaier, Gehrmann, Kurz; Carloni-Calame; Moretti, Piccinini, Ross]

=
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| Introduction: Event Shapes in e*e

From theoretical point of view:
e Many are Infra-Red and collinear safe (-> suitable for computations)

e Perturbative picture:

Deviation from 2-jet configuration
proportional to a

3-jet known at NNLO QCD
4-jet & 5-jet known at NLO QCD

( 3-jet NLO EW known )

Resummation at NN(N)L

[Catani, Trentadue, Turnock, Webber; and matching with fixed order

Banfi, Salam, Zanderighi]

NNLO+NLL matching  [Gehrmann, GL, Stenzel]

NLL resummation

N3LL/NNLL for Thrust oie matching [Becker, Schwartz; Monni, Gehrmann, GL]

N3LL for My, + matching  [Chien, Schwartz|
é NNLL for Broadenings [Becher, Bell, Neubert; Becher, Bell] &9
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| Introduction: Event Shapes in e*e-

From theoretical point of view:
e Many are Infra-Red and collinear safe (-> suitable for computations)

e Perturbative picture:

= Deviation from 2-jet configuration
proportional to o

+ S
e o N
Wk 3-jet known at NNLO QCD
4-jet & 5-jet known at NLO QCD
\, Z
(& )
. 3-jet NLO EW known
SRS J
e N
PR R tion at NN(N)L
MC hadronization from 3 esummaton sc )
h J = e and matching with fixed order
R, 1 1 1 jostrand et al., Corcella et al.,
>Pythia/Herwig/Ariadne [Vesten 5 J
[Dokshitzer, Marchesini, Webber; 2)
Analytlcal dlsperSIVe model Dokshitzer et al., Davison, Webber; MC hadronization
Gehrmann, Monni, GL] Analytical hadronization
_J

o 5 [Korchemsky, Sterman, Tafat;
Analytlcal Shape ﬁlIlCthIl Abbate, Fickinger, Hoang, Mateu, Stewart]

% Finite mass effects [Salam, Wicke; Mateu, Stewart, Thaler] [[ESNNRERVSVIRUSRIRIR
dr.Ai?ff von Humboldt f
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https://ilcagenda.linearcollider.org/contributionDisplay.py?contribId=87&confId=6000

“‘[Introduction: Event Shapes in e*e J

From theoretical point of view:
e Many are Infra-Red and collinear safe (-> suitable for computations)
e Perturbative picture:

T
_‘-‘-“‘-‘H"""'--.
_‘-‘-“‘-‘-‘-‘""""-—
e+ tt-:'::“:':t-:-:-—
¥/Z° e
--_-'--_-_-_ < -
o S
\‘\“-.
'--__.__-_--
Parton level >|Hadron level )| Detector level -)|
€< Perturbative regime =|€ Non-Perturbative regime -

=

E
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“‘[Introduction: Event Shapes in e*e J

From theoretical point of view:
e Many are Infra-Red and collinear safe (-> suitable for computations)

e Perturbative picture:

T
_‘-‘-“‘-‘H"""'--.
_‘-‘-“‘-‘-‘-‘""""-—
e+ tt-:hz':':“h:-:—
¥/Z° e
--—---_-_-_ < -
o S
-‘-‘h“--_
'--__.__-_--
Parton level >|Hadron level )| Detector level -)|
€< Perturbative regime =|€ Non-Perturbative regime -

!

 Precise extraction of a requires precise description of each "step'

A von Humboldt =5
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‘[Introduction: Event Shapes in e*e J

Further event shapes usually used:

2
: . 2 2 -
* Heavyjet mass: p= max (M7, MZ);  Mi,p=| ) |Pl

tot-vis. ne HL/R
- Total/Wide Broadenings: B, = 2 e, [P ;

2> ; 1Pl

oS
Wide: By, = max (Bq, Bs)

o C-parameter: 0/ — Zl\p ’ Z]ﬁ tensor with EV )\, \,, A3

C = 3(A1d2 + dada + Azhr)

* 2 —> 3jetresolution parameter (Durhamalg.): Y,
2 min(E?, EQ)(l — cos 0;5)

y%” 313 E2 ;!
vis Fg

A )
Ap-Dgzit von Humboldt %
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[Data sources ]

Data on event shapes available at several CM energies and
from several experiments:

o PETRA:
« TASSO data from 14 to 44 GeV
« JADE data for 35 and 44 GeV: still maintained and analyzed [Bethke, Kluth, Pahl]

e TRISTAN:
« AMY data at 55 GeV

e SLAC:
« SLC dataat 91.2 GeV

e LEP:

« ALEPH / OPAL / DELPHI / L3 data from 91.2 to 207 GeV
- DELPHI / L3 data with radiated photon and Q < M,

% \—{ Impact of QED effects in these sets? ]
¥ <

2 . von Humbeldt =5
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- [Event shapes: theory vs data J

How well are data described by theory predictions?

NNLL+NNLO ——

NLL+NNLO — —
NNLO

10 N\

1/c do/dT

4 ALEPHdata Q=M,
10
- 0, (M,)=0.1189

N <Tlplcal Fit Range>

10 B R T R T Y N A R B
0 0.1 0.2 0.3 04

[Gehrmann, GL, Monni]
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- [Event shapes: theory vs data J

How well are data described by theory predictions?

T T T T ‘ T T ‘ ‘ T T
N

10 NNLL+NNLO + power corr.

NNLL+NNLO —

1/c do/dT

4l ALEPH data Q=M,
10 |5 N _
; o, (M;)=0.113 o, (2GeV) = 0.538 . B
o <Tlplcal Fit Range> i
10 A R N R R AN Y
0 0.1 0.2 0.3 04

[Gehrmann, GL, Monni]
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[Extracting o.. from data

'Y/ZO --'—"--_.__

|
MANAIL)

Parton level ->|Hadron level -)| Detector level -)|

Main open issues

e NNLL+NNLO is becoming state-of-the-art for (almost) all observables J
e Analytical vs. Monte Carlo hadronization corrections? ?

e Which observables and which data sets? g

0 By5 £
% von Humbeldt =5
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***| NNLO(+NLL) fits to 6 event-shapes

OPAL data JADE data
] N ~ NNLO NLO !
ALEPH data 015 NLO +§£I?A NNLO 31\1]13 s ONLO NpLA  4NLLA NLo
INT’I.()+XI,II..-\I — IXN].(I) : : NII.()+XI,II,.-\ : 2‘«1 é:
_|||“-j o ! bo-m—H go.l“ : 1 o1 ] ]

T H—a . e i 0'11 [

iy =4 - (L B o -1

IR ! . l M.J'UM#&HH.'.[ i: ||| IH.; l..

sesess seosses sSsoso2
THLnTR TLynYa TapnYa 0.1__ :_ :_ _“_ ”_ 0.1
3 : : TS Y TSRS TS Y TSRS Sateretlly Sateretlle Satengsla Saseeesls
[Dissertori et al., 0712.0327, 0906.3436] [OPAL Collaboration, 1101.1470] [JADE Collaboration, 0810.1389]

as(Mz)= 0.1240 £ 0.0013 £ 0.0031 | |os(Mz)= 0.1201 £ 0.0015 £ 0.0026 || as(Mz)= 0.1210 & 0.0022 % 0.0057
a;(Mz)= 0.1224 & 0.0013 £ 0.0037| |as(Mz)= 0.1189 &+ 0.0018 % 0.0037 (=0T E2=C 00021 = :0046

e From NLO to NNLO: decrease in uncertainties and central value
e From NNLO to NLLA+NNLO: increase in uncertainty

> NLLA resummation does not cancel NNLO running of coupling in the matching

-
ApA Y-
- i S
S von Humboldt =%
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***| NNLO(+NLL) fits to 6 event-shapes

NNLO+NLLA NNLO NLO+NLLA
T T T T T T T T T T T T T
'l“."j b - i
|3T w0 | ——a
B“. - N -
C - - e
)III o Com -
T . - e
11 L1 - — L1 - 11

—— e b T el

—— k2 b e T

—— b bk e e

[Dissertori et al., 0712.0327, 0906.3436]

OPAL data
NLO i NNLO
NLO  Nypa NNLO O Np1a
~0.15
]
E
3

i
a l. J' il | i {Hl'.[

0.1} 1

. ~ Tez A% M Sz 885 ~ Sep 88 B _Toz 88
LEER S ASERy S ASSmy s LS8mg S

[OPAL Collaboration, 1101.1470]

JADE data
- NNLO NLO }
Vo NLO ANLLA  +NLLA NLO
:.';;
014 |- 1 4 1 |
0.13
0.12

i

L e
RO

I

S Bl
SRt O L

[JADE Collaboration, 0810.1389]

0.1

A o B, m . o B0
R STyt L

as(Mz)= 0.1240 + 0.0013 £ 0.0031
as(Mz)= 0.1224 £ 0.0013 + 0.0037

as(Mz)=0.1201 + 0.0015 £ 0.0026
as(Mz)= 0.1189 + 0.0018 £ 0.0037

as(Mz)= 0.1210 + 0.0022 + 0.0057
as(Mz)= 0.1172 + 0.0021 + 0.0046

e From NLO to NNLO: decrease in uncertainties and central value
e From NNLO to NLLA+NNLO: increase in uncertainty

> NLLA resummation does not cancel NNLO running of coupling in the matching

ApDyztt
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***| MC hadronization

This approach is problematic if parton level
predictions in MC and pQCD are very different

Detector level

: o

Vi

% Hadronization corr. >

2

i

& A Resummation

e (NLL, NNLL,...) ME level
Parton level MC
(EVENT?,
EERAD3,...)

SRR von Humbeldt &%
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***| MC hadronization

« 1
= PYTHIA
EO.Bj --------- ARIADNE
o |
= 065 -~ HERWIG
Z | e HERWIG++
20.4:— ——=:=:+ HW++ MCNLO
ﬁ - — — HW++ POWHEG -—"'r,‘ii
_|02? 3 ,';ﬁ
E B ’_‘__’/"“'*“—“-_—-_,\_’—- - . o ;
S o = == —H“_‘_—'ﬁj‘
= °f A —A
Lo [~/ ‘
i i‘;
C o ?
-0.4? I !
H)f ‘
'O'G:fl! ' |f
) .
0.8 | ;
- 7'IJI ;.l | ‘ L 111 | I | L 111 | L 111 ‘ L 111 ‘ L 11 III
065 07 075 08 085 09 0.95 1

T

sl
a0 ——— PYTHIA
En-a__ --------- ARIADNE
il i —-— HERWIG /
=z 0.6 :_ --------- HERWIG+: If."ll
gﬂ 4 r e HWW++ MCNLO
' i — —  HW++ POWHEG [
Jo2p - L/
AN A
O b= WS,
Pivans s W
- -l‘-'. .": !
So.2f LR
04 \,
-0.6F
-0.8F
_1:|||||IIII|I|||||||||||||||||||||II|IIII|IIII
1 2 3 4 5 6 7 8 9 10
-In(y3)

[Dissertori et al.]

Pythia parameters tuned such that missing higher order terms are over-
compensated and hadronization corrections are effectively too small

%)ée
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***| MC hadronization

3 nfl:
- B PYTHIA O ——— PYTHIA
f08- | ARIADNE 208 | ARIADNE g
o o ;
= - - HERWIG iI o —-— HERWIG
2 0-6:_ ......... HERWIG++ £ GIE: """"" HERWIG+* ,-"Jlll
g0.4 r —-—-—-= HW++ MCNLO gﬂ.-ﬂl C ———— HW++ MCNLO
<'I E — —  HW++ POWHEG n ! E ——  HW+ POWHEG f*"
0.2 éuz_—“k\ — p
z - T T~ — .- e o N N e oA
& o~ — et S | & T S
- 0 T IR _7_7__;_'_,'.,'_;_,.{74& =l 0 H i R P 7
< L / /F“-A";‘Zi_;“\y'ﬁ;f":"““‘;:h—ftn e = 7 ,.-". ;
202 | AT ‘ 02 LR
- i -
-0.47—”;-" v 0.4 "\‘_‘ /
I g
'0.6:1! ‘, .’I’\ ‘| 'GE:
[ . i
-0.37h _" -0.8F
Ll oF oy H |
. 7'111}13\ Lo bova b b bova by o ff _1_||||||||||||||||||||||||||||||||||||||||||||
065 0.7 075 08 085 09 095 1 1 2 3 4 5 6 7 8 9 10
T -In(y3)
[Dissertori et al.]
as(Mz) T C | My | Bw | Br | —lug
PYTHIA 0.1266 | 0.1252 | 0.1211 | 0.1196 | 0.1268| | 0.1186
2/Naoj 016 | 047 | 44 | 44 | 084 | 1.89
HW4++ POWHEG | 0.1189 | 0.1179 | 0.1236 | 0.1169 | 0.1224} | 0.1142
}(zﬁ\rdof 1.46 2.55 3.8 3.9 1.54 0.56

ApDgzif B
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[NNLO(+NLL) global fits ]

Analytical power corrections:
dispersive model, dressed gluon, shape function

Detector level

& O\
Hadronrzdtion corr. >
NG
A Resummation

(NLL, NNLL,...) ME level

t parameter

Parton level MC
(EVENT2,
EERAD3,...)

MC generator Fixed order calculation

A 3 von Humboldt
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***| Analytical Hadronization Models

et
o . [Dokshitzer, Marchesini, Webber; 1‘5__ o PTHOL NP 2
Dispersive model boiteretar) .
e NP corrections by means of a physical coupling: L
~ 12\ _ PT(12 NP (7.2
Gl e e G )
Ot (K1)
: 1 HI : 0.5 F
 Introduce matching scale 11; and ay(p;) = — / dk 6, (k2)
K1 Jo
e NP correction amounts to a shift: ST ST A Tp o
QlGeV]
do do
pt
e e O

Shap e fun Cti on [Korchemsky, Sterman, Tafat;

Abbate, Fickinger, Hoang, Mateu, Stewart]
e Split soft function into PT and NP contribution:

.1 2 (1-(,)2 a D : :
S (v, 0) :./U e [/ LT ((82)) +B(as(aQ‘))]

P
« a2()? ]"J_

= Spr (v, @, 1) + Snp (v, Q, 1)
e Again NP corrections amount to a shift:

dO’p’l‘(T) \ dO’pT(T = /\1/(2) +0 (1/(7'@)2) where /dﬁ € fT (6; [L) = /\'1
dr dr :
Apbyzit von Humboldt J/
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“** o, from moments

Alternative to distributions: moments of event shapes
L 2 &

1/G,,,, do/d(1-T)

1o, A-T)

do/d(1-T)

1 0006 [
7 0004 [

1 0002 |

/0y, (1-T)

F do/d(1-T)

#é&

Max-Planck-Institut fiir Physik

(Werner-Heisenberg-Institut)

14.11.2013

Ohad J0 d’l/

LCWS 2013, Tokyo

Higher moments more sensitive to multi-
particle region

Perturbative and non-perturbative
contributions additive:

(Y") = Y " )pt + ¥ )np

Can add NP corretions either form Monte
Carlo or from analytical description

<

von Humboldt =%
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"o from moments

[Gehrmann, Jaquier, GL, 0911.2422]

* With JADE/OPAL data:

ApDyztt

e Fit to first 5 moments of 1, p, C, b

e Broadenings not included in final
average since analytical power
correction was not fully extended

at NNLO

e No hadron mass corrections

as(Mz)= 0.1153 + 0.0017 + 0.0023
ap(2GeV) = 0.5132 & 0.0115 <+ 0.0381

Max-Planck-Institut fiir Physik

(Werner-Heisenberg-Institut)

14.11.2013

LCWS 2013, Tokyo

A 0.1

E0.0S

v
0.08
0.07
0.06
0.05
0.04
0.03
0.02

0.01

Y,-

Pow. Corr.: ™ pert.

Pythia: m pert.

non-pert

non-pert

3 4 5

(x50) (x200)

|l|l|

lIlJlJ Ll

IlIlJ JI]I

L l|lJlJ|J

(x1000) "

NNLO

Lol |
0.1 0.11 0.12 0.1

G. Luisoni

3014015 041
o.(Mz)

N N
0.11 0.12 0.13 0.14 0.15

0 (Mz)
=
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“** o, from moments

[Abbate, Fickinger, Hoang, Mateu, Stewart, 1205.5746]

o Global fit for 15t moment of thrust

a(mz) from global first moment thrust fits

0.135 -— I All errors: ay(mz) = 0.1140 + 0.0016 _-
@s(mz) i O(a?) fixed—order | i MI(Q]
i 0.1299 + 0.0038 | i 011 LN N I S B B T T T 1 T L B
0.130 = r ]
- | : - Fitat N’LL for a:(mz) and £y ]
: + N3LL summation : E theory scan error 1
- 0.1245 + 0.0038 ) { 009 E
0.125— | + — perturbative error — r ]
. 1 - \\&]\ ]
B | + Power Correction 7 E ]
i 0.1156 + 0.0021 1 0.07F e aieem = -
0.120 ] [ @ OPAL ! ]
B + R—scheme T r 3
: . 0.1142 + 0.0007 + b—mass & QED : r 1' 7]
i + — perturbative error | 0.1140 +0.0007 ] [ ® DELPHI E
o115 1 0.05F e oz l 3
L | } + ] C ® AMY f l .
- . - ® Tasso ]
L = l | | l 3
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
i . i . : : : : 50 100 150 200
1.4F full results b _ 1.4¢ without renormalon subtractions E Q (GEV)
2.0.1 211"1 :
(GeV) 4 5f, (GeV) | 5f
1.0 - 1.0
as(Mz)= 0.1141 + 0.0004 £ 0.0016
0.8 - 0.8 -
osl ] W O — e N =R O (e
0.4 1 L 1 1 0. 1 1 1 1
0.110  0.115 0.120 0.125 0.130 0.110 0.115 0120 0125 0.130 .
See also V.Mateu's talk
fi A ?f‘f‘ C-‘-’s(mz) as(mZ) .
et - : von Humboldt
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=+ NLL+NNLO+PC with thrust ]

[Davison, Webber., 0809.3326]

A first analysis with NNLO thrust distributions:

e global fit for thrust distributions for energies between 14

GeV and 207 GeV.
e power corrections within i
dispersive model oot |
0.62

e scale variation using

factor /2

oMz} 0116402
OfO(QGeV) — 059 :l: 003 048014 C.I16 EI.I1B e -DI.E n:_|22 u_|24

S L
5# »
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***| NNLL+NNLO+PC with thrust

[Gehrmann, GL, Monni, 1210.6945]

¢ Fit using TASSO/ALEPH/L3 data

e NP corrections within dispersive model extended to account for

NNLL+NNLO corrections 077
R scheme
e b-mass corrections included to NLO  °*® \
06"
 Random scan can over theoretical ol
g 0.55:
parameters
0.551
 Result stable by varying boundaries: o N
log—R scheme
0Ab :
06 R scheme [ 0.11 0.112 0.114 0.116 0.118 0.12
. 055 | . ; mb=4.5 GeV as
05 : t {
ar———————— a,(Mz)= 0.113170-0028
o116} = S 7 S Ll —0.0022
20114 | [ 0.102
0.112 | SR QO(ZGQV) 20'5381_0.047

-4 -2 0 2 4 .
lower bin shift %
vaprtet d
ﬂr i 3 von Humboldt
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°*°| NN(N)LL+NNLO+PC with thrust (SCET)

[Abbate, Fickinger, Hoang, Mateu, Stewart, 1006.3080]

q = 1.2
Global fit using thrust QT TG
: : : : : (GcV)l ol results . m N3]
e Analytical hadronization with shape function oL . moNL]
- M memgth T AT NNLL 1
: 08 N o
e Renormalon subtraction ' NLL' ]
3 . 06 1
* b-mass corrections and QED corrections - 1
e
as(mz) from global thrust fits oal T, . ]
0.135f + — perturbative error =
[ from scan of theory 00 Lol L e
- O parameters ] 0110 0115 0120 0125 0130
0.130+ 0.1300 + 0.0047 = . as(mz)
B 0 - T I T |
[ + multijet boundary ] X2 full )
[ 0.1245 + 0.0034 I results :
0.125_— - dof | L
as(mz) | A 20k
- +NULL _ T B I
0.120~ summation + Power Corrections Sl AR~ 0.91-
E 10 + 0.000g +b—mass & QED -+ L
0.115F ~ 01135£00009 ] sl
[ 1 i i -
0_110: [Abbate, Loopfest 'og] -
1.0 -
ag(Mz)= 0.1135 %+ 0.0002 & 0.0010 0110013 0120 01% (' ' (').)130
as(mz
(23 = 0.323 £ 0.009 & 0.045GeV :
See also V.Mateu's talk
Ap-Byzte von Humboldt P
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“**l o, from jet rates

g; (ycut )

Otot

ith jet rate: Ri(yeu) =

From 3-jet rates:

e ALEPH:

« NNLO only
 Stableup to In(ye.)=—4.5

[Dissertori et al., 0910.4283]

« Small hadronization corrections

as(Mz)= 0.1175 £ 0.0020 & 0.0015

[Schieck et al., 1205.3714]

e JADE:

« NNLO+NLLA+K + MC hadronization

» Impact of resummation important

as(Mz)= 0.1199 + 0.0023 £+ 0.0054

ﬂr-ﬂy;ff
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—. 0125 g | T T —3
= 01225 F 3
= 012 F E
=] E_r '_E_' E
75 [ e rEETE g g 8 3
01175 F€ fp | 2
0115 £ 3
01125 F 3
011 £ E
01075 i— central result with stat. uncertainty —i
0.105 [ =
01025 £ otal uncertainty 3
0.1 i 1 1 | 1 1 1 1 I 1 1 1 1 I 1 1 1 1 i
-6 -4 -3 -2 -1
ln(-‘-rut)
0.005 L B LA R
[ total error  ------- perturbative e hadronisation / | 1
0.004 [ --- experimental statistical -
E PN 4'\ ]
u — -
0.003 F _ IR
= E T o [ -
= 0.002 F T~ L. 1
= E — '-J-“;\-'I ]
< 0001 [ - e ¥
F e - il
0 L - I 1 1 AT
-6 4 -3 2 -1
ln(-‘-rut)
Sou | JADE
017 % Durham 3-Jet Rate
018
i = ag(Mp)=0.1184+0.0007
n1s L
014 b \
013 Air: &3
012 I
* JADE
011 - JADE (not incl. in combination)
4 ALEPH (not incl. in combination) .
L TR TR T TR TR T TR TR ) _m_‘
Vs [ GeV ] -
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“**l o, from jet rates

From S'j et rates: (Frederix et al, 1008.5313] LEPL, hadr.  LEPI, no hadr.
3 ortdo/dyss, Ry opido/dyss, Ry
e Using ALEPH data

40.0002 10.0002
stat.
~0.0002 ~0.0002
e Hadronization corrections cvst +0.0027 +0.0027
: : T ~0.0029 ~0.0029
estimated with Sherpa
: . +0.0062 +0.0068
- small, so not included PErt: —0.0043 —0.0047
+0.0014 +0.0005
fit range
—0.0014 ~0.0005
0.0012
+0.0041 hadr. * -
O{S(Mz)z 01156_0 0034 o —0.0012
a(My) 01150 TOVT0 g g TO0UT
—0.0055 —0.0055

Table 2: Values of the strong coupling constant as(Mz) obtained from fits to ALEPH LEP1 data
for o, tdo/dyss and Rs. NLO QCD predictions are used. Hadronization corrections are estimated
with SHERPA. Default fit ranges are 3.8 < —Iny,s < 5.2, and 4.0 < —Iny.,; < 5.6. See the text
for details.

ﬁ 3
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"**| EW corrections & radiative return

ﬂf-ﬂy?ff

Max-Planck-Institut fiir Physik

(Werner-Heisenberg-Institut)

14.11.2013

e Strong cancellation between event-shape
distribution and hadronic cross section

ISR cancels

Weak loop corrections below per-mille

e corrections depend on final state photon cuts
e contribution from photon fragmentation

* o, determination with EW corrections non
trivial:

LEP data corrected for photonic effects

At LEP2 radiative return not fully
supressed

- =

LCWS 2013, Tokyo

0.3

1

0.2

i

0.1

~

I
—

‘ =

0
0.1

4 008 L
‘ 0.06

[Denner, Dittmaier, Gehrmann, Kurz]

NLO electroweak effect is potentially as large as NNLO QCD: oa=o.?

Born — ]

+Born ggy

O(a)+h.o. LL

weak Oa) —-—-- _
full O(c) -~

0 005 01 015 0.2
(1-T)

I Born — 1

+Born ggy
weak O(a) -———-- _
full O(a) -eeeeee
O(a)+h.o. LL

Vs =172 GeV

2 004 [
0.02 [

0F

. Luisoni

1
0 005 01 015 02 025 03

(1-T)

’E' »
£5y
[Fou
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**°| Perspective for ILC

Hadronization corrections proportional to Q:

'-E T T 7T T LA L L B B BN N B B —T T T T T | T T T | T T T ] T T LI | T T T | T T 1 ]
E 10 NNLL+NNLO + power corr, —— NNLL+NNLO + power carr. - i NNLL+NNLO + power corr. =
L NNLL+NNLO —— | H NNLL+NNLO —— 3 E NNLL+NNLO —— 3
1k il PRELIMINARY _ = PRELIMINARY -
1 ALEPH data  Q=M, Q=250 GeV 10T Q=500 GeV .
O H o M)=0113 o (2Gev)=0538 T O e, (M)=0113 op(2GeV)=0538 T OF %(M)=0113 0y(2GeV)=0538 E
10_2‘|||||||||....| _h_!""l""l" Lol T S S L
0 0.1 0.2 03 04 O 0.1 02 03 04 O 01 02 03 o4
1-T 1-T I-T
No Radiative return: 03 | Borw ] 0d b T Bom
' LS +Born ggy o +Born ggy
i weak O(a) ———- - 1 =F weak O(a) -——-- -
02} full O(a) e ] & 02 full O(a) e 7]
J O(a)+h.o. LL 1 O(a)+h.o. LL —— |
-z 01 SES NeE
0
{} {}R F T T T T T T q
0.06 | 18,
0.04 | 3| &
0.02 ¢ _ <°
0 SR
0 005 0.1 015 02 025 0.3 0 005 01 015 02 025 03
(1-T) (1-7)
dply=2t A
von Humboldt =5
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[Perspective for ILC ]

New possibilities with NLO automation:
Possibility of running an | Detector level
experimental analysis

N v
with an NLO parton-level

| description matched with |
parton shower and with
hadronization.

* Possibility to test

—  * N(N)LO+PS with analytic matching

* MC hadronization with analytic
hadronization models

®» many new MC tools developed for
NLO/NNLO LHC physics will turn out very
MC generator usefull for precise physics at ILC.

A ﬁ
o 7}if von Humboldt
i oun
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°**| Recent fits of the strong coupling

e NNLO/NLL+NNLO with MC hadronization:

& Y
I a/b ALEPH: [Dissertori at al. ‘07, 'o9]
as(My)= 0.1240 =+ 0.0013 £ 0.0031

\Of_;,-(ﬂ-{{z'): f AR AR SRAN SRR R R AT o )

6. a/b JADE [Bethke at al. ‘o8] b
e =012 00002200057

\as(]\ffz): 0.1172 + 0.0021 £+ 0.0046 )

[3. a/b OPAL: [OPAL collaboration '11] 3
as(Myz)= 0.1201 = 0.0015 = 0.0026

| as(Myz)= 0.1189 + 0.0018 + 0.0037 .
e NN(N)LL+NNLO without hadronization:

7 2\
4. ALEPH/OPAL (T) [Becher, Schwartz *08]

| au(Mz)= 0.1172 +0.0013 % 0.0017 /

s =\
5. ALEPH/OPAL (p) [Chien, Schwartz ‘08]

3 as(Mz)= 0.1220 £ 0.0019 £ 0.0024 3

[First error stati+syst., second error theo+had]
ApDyztt

Max-Planck-Institut fiir Physik
(Wern

27 February 2013

er-Heisenberg-Institut)

e NLL+NNLO with dispersive model:

6 Global fit (T) [Davison, Webber ' 08]
g os(Mz)= 0.11641009%8 1 (2GeV) = 0.59 £ 0.03
e NNLL+NNLO with dispersive model

7 GlObal flt (T) [Gehrmann, GL, Monni. ‘12]
(L s N R B R e e

e NN(N)LL+NNLO with shape function

8. Global fit (T) [Abbate et al. '10]
as(Mz)= 0.1135 £ 0.0002 = 0.0010

® Jet rates extraction

7% o)
0. ALEPH (R3) no hadronization [Dissertori et al. “10]

| a(My)= 0.1175 4 0.0020 £ 0.0015 /

/= =)
10. JADE (R3) NNLO+NLL [Schieck et al. ‘12]

as(Mz)= 0.1199 + 0.0023 £ 0.0054 i

7 B
11. ALEPH (RS): [Frederix et al. '10]

| a(Mz)= 056 pass
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***| Recent fits of the strong coupling 2

NNLO moments:

12. ALEPH: [Gehrmann, Jaquier, GL '08] 13. Global flt (T) [Abbate et al. "12]
W R R R R R S as(Mz)= 0.1141 £ 0.0004 £ 0.0016
ap(2GeV) = 0.5132 £ 0.0115 + 0.0381

1a NNLO —— 1 0712.0327

1b NLL+NNLO ¢} = = = 1 0906.3436

2a NNLO . 1 1101.1470

2b NLL+NNLO } = = 1 1101.1470

3a NNLO e 1 0810.1389

3b NLL+NNLO } = ! 1 0810.1389

4 NN(N)LL+NNLO F b 1 0803.0342

5 NN(N)LL+NNLO —————— 1 1005.1644

6 NLL+NNLO+1/Q F T 1 0809.3326

7 NNLL+NNLO+1/Q F —— 1 1210.6945

8 NN(N)LL+NNLO+1/Q | —— 1 1006.3080

9 NNLO it 1 0910.4283

10 NLL+NNLO+K | = 1 1205.3714

11 NLO } ' ! 1 1008.5313

12 NNLO+1/Q — 1 0911.2422

13 NN(N)LL+NNLO+1/Q } P World average: 1 1204.5746
0.1184 + 0.0007

%)Ayéf

Max-Planck-Institut fiir Physik

(Werner-Heisenberg-Institut)
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"**|la, from DIS and Hadron Collider

* On their way to precision ...

e From PDF's and jet observables

—
—
[Wobish, Moriond '13]
Uncertainties: exp. theo. ------
H1 norm. multijets at high Q@2 NLO ——
H1-prefim-12-03¢ ~ TEEsSsmssmmmess
ZEUS inclusive jets in y*p, NLO °
ZEUS, Nucl. Phys. B 864,1 (20120  =mmmmssemsmsees
H1+ZEUS NC, CC and jet QCD fits, NLO o
H1-prelim-11-034, ZEUS-PrEl-1400¢ ==SmSmSs=ss=se=ss
DO incl. jets, approx. NNLO °
DO, Phys. Rev. D80, 111107 (20090 =====ssemes
DO jet angular correlations, NLO -
DO, Phys. Lett. B718,56(2012) ~ =e===sssss-ssssemeeeee
ATLAS incl. jets, NLO °
B. Malaescu et al., EPJC 72, 2041 (2012) -—----cc-----
CMS R3/2, NLO ®
CMS QCD-11-003 (20120  ====sememese-.
World average >
S. Bethke et al (PDG), Phys. Rev. D86, 010001 (2012)
L | L L L L | L L L L |
0.11 0.12 0.13
[ATLAS, CMS, CDF, Do, H1 and Zeus Colls., 1302.4652] GS(MZ)

ApDyztt
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A\

Determination of a_ (NLO)

Comparison to other hadron

" : O o024—
collider experiments ‘g’a

@ Extraction also performed for
three subranges in Q

@ Small exp. uncertainty
Dominated by th. uncertainty:

< asymmetric scale uncertainty

<% PDF uncertainty 0.1 —
eXP__ posf

NNPDF21: a(M)=01148200014 ]

cT10: a,(M,)=0.113540.0019 | h .

MSTW2008: a,(M,) = 0.1141 £ 0.0022
(ABM11:  a (M,) = 0.1214 £ 0.0020)

10

L - . CMS-PAPER-QCD-11-003

T T T m
. sy
CMS Ry, 1 ag[M)=0.1148777 4

. OMSR,

Ll

D0 inclusive jots

o DODangular corrolation
H1
ZEUS

,1.11..1

newly covered range |

: ‘T\“\N ﬂ..x__j:

L1l

.'11.

1% (Gev)

PDF uncertainty: Repeat fit for each NNPDF replica — get estimators for p and o
Scale uncertainty: Repeat fit for six variations of (1 ,H,)— get maximal deviation

as(Mz) = 0.1148 £ 0.0014 (exp) £ 0.0018 (PDF) £ 5000

Klaus Rabbertz

La Thuile, Italy, 10.03.2013

(scale)
Moriond QCD 21

CMS, Vs =7 TeV, L =23 5", NNLO+NNLL for oy; mf”'e 173.2+ 1.4 GeVY

L B B B = = B
Default a(m, ) of respective PDF set 2 S
ABM11 : v H
CT10 - ¥ - I
HERAPDF15  H ¥ H
MSTW2008  H ¥ i i
NNPDF2.3 H ¥ I i
0408 o1 0412 014 o118 01 012 0
[CMS Coll., 1307.1907]
G. Luisoni 42
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***| Further determinations of o,

T 1 T
: ~ ( a ) HPQCD (Wilson loops) ICI] ( b)
1 -

I HPQ(D (c-¢ correlators) KA

N
Baikov
Beneke e

¢ apl.'m‘l 1 Maltman (Wilson loops) k04
Davier y —O0—— T.OCD (/ T
Maltman || J (‘)_ _I, Adler functions) I-Ci-l
Narison . : - PACS-CS (vac. plol. fetns.) If-:.')l
SM review s o , PP
AT v T 0.11 012 _ 0.13
030 032 034 036 o, (Mz)
o (M) S
e ALEPH (j&s) —o— (d)
ABKM roH! (c) OPAL (j&s) o
JBRBG O JADE (j&s)  +——O—
—co— . 1etal (3i
NSTW A F)155611011 ctal. (31) .—{Ig—.
NNPDF | : Yoy | , Abbate et al. (T)I I-(;‘.rtlI o .
0.11 0.12 0.13 0.11 0.12 0.13
[PDG] o,(My) o, (M)
T T T T
|
-decays to- Word average: e |
Lattice 0]
DIS —0— |
e*e” annihilation  +—oT—
7 oo e | as(Mz)= 0.1184 % 0.0007
1 1 ! 1 1
0.11 0.12 0.13
a”'ﬂf"?ff von Humboldt :/’
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“‘[Conclusions & Outlook J

Many new determinations!!
e ete- now with NNLL+NNLO [ e Fit to full standard set soon?]

e Hadronization corrections are now the challenge

o Further refinement in analytical models?
e What about new MC tools?

 ILC can help since hadronization corrections get smaller!

e Learning how to perform precise extractions also from
Tevatron and LHC data!

Further new results from different sources are on their
way, stay tuned!!

(. =
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