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T = maxt̂

∑
i |t̂·~pi|∑
i |~pi |

Thrust
@@R

τ ≡ 1− T

di�erential cross section dσ
dτ ∝ δ(τ) at tree level

measurements for 14GeV≤Q ≤207GeV
(LEP, TASSO, JADE)

peak region τ ∼ 2ΛQCD/Q
tail region 2ΛQCD/Q � τ . 1/3
far-tail region 1/3 . τ ≤ 1/2

Three di�erent scales (Q e+e− c.m. energy):

pure QCD peak region

hard µH ' Q Q

jet µJ ' Q
√
τ

√
QΛQCD

soft µS ' Qτ ΛQCD
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peak region tail far-tail

hard µH ' Q Q ?

jet µJ ' Q
√
τ

√
QΛQCD

? µH ' µJ ' µS
soft µS ' Qτ ΛQCD µS � ΛQCD � ΛQCD

?

6

µg̃ ' Mg̃

��	
soft radiation described by a

non-perturbative function, de-

pendence on αs

@@R

OPE for soft radiation, depends on αs &
Ω1: �rst moment of a non-perturbative

soft function

I SCET provides the suitable theoretical framework

I we include light Gluino e�ects ← additional colored Majorana

I this introduces gluino matching scale µg̃

I Modi�cations of running and matrix elements depend on the relative position

of the scales µH ≥ µJ ≥ µS with respect to µg̃
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FACTORIZATION of THRUST

dσ

dτ
=

∫
dk

(
d σ̂s
dτ

+
d σ̂ns
dτ

)(
τ − k

Q

)
⊗ S

mod
τ

(
k − 2∆̄

)
+O

(
σ0
αsΛQCD

Q

)@
@R

non-perturbative soft function from Sτ = Spartτ ⊗ Smodτ , 1st moment Ω1

[R.Abbate, M.Fickinger, A.H.Hoang, V.Mateu, I.W.Stewart, 10`]

d σ̂s

dτ
=

∑
j

αjsδ(τ) +
∑
k,j

αjs [lnk(τ)/τ ]+

= H(µH)× J(µJ)⊗ S(µS )

Singular partonic contribution
for massless quarks

matrix elements + summation

d σ̂ns

dτ
=

∑
j,k

αjs ln
k(τ) +

∑
j

αjs fj (τ)

Nonsinglular partonic contrib.
= (thrust in �xed-order) − (singular)

power correction

�
�	

Z
Z
Z
Z
Z
ZZ~

�
�����

ln

[
dσ̃s

dy

]
∼

L ∞∑
k=1

(αsL)k


LL

+

 ∞∑
k=1

(αsL)k


NLL

+

αs ∞∑
k=0

(αsL)k


NNLL

+

α2
s

∞∑
k=0

(αsL)k


N3LL

��	

L = ln(ıy), Fourier transformed
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Factorization formula for singular partonic

dσ̂s

dτ
(τ) = Q

∑
I

σ
I
0H

I
Q(Q, µH)UH(Q, µH , µJ)

∫
ds Jτ (s, µJ)

∫
dk
′
U
τ
S (k′, µJ , µS )

× e
−2 δ(R,µS )

Q
∂
∂τ S

part
τ

(
Qτ −

s

Q
− k
′
, µS

)
(massless QCD) [Abbate et al., 10`]

I hard function HQ

I jet function Jτ , SCET jet fct.:

J(Qr+
, µ) =

−1
4πNcQ

=
[
ı

∫
d
4
x e

ır·x〈0|T{χ̄n(0)n̄/χn(x)}|0〉
]

I partonic soft function S
part
τ , SCET soft fct.:

Sτ (k, µ) =
1

Nc
〈0|trc [ȲT

n̄ Ynδ(k−ı∂̂)Y †n Ȳ
?
n̄ ]|0〉

I series δ(R, µS ) for renormalon subtraction

I RG-evolution factors UH , US

•
•

•

•

µg̃

6

?

6

6

?

µH

µJ

µS

µi

UH

US
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Pro�le functions

summation of ln(τ)
(µH � µJ � µS )

multijet threshold @ τ = 0.5
⇒ no log summation
(µH = µJ = µS ∼ Q)

J
J
Ĵ

B
B
B
B
BBN

PP
PPPi

µg̃

6

?

I hierarchy of involved scales µH , µJ , µS

I location of gluino matching scale
τ -dependent
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µ > µg̃ Gluino included

µ ≤ µg̃ Gluino integrated out

I e.g. αs(µ) µ > µg̃ β0 = 11−
2

3
(nf + 3)

µ ≤ µg̃ β0 = 11−
2

3
nf

for β1, β2 exact dependence on
#gluinos known [Clavelli et al., 96`.],

[Harlander,Mihaila,Steinhauser., 09`],

and use matching relation at
µ = µg̃ α

nf
s (µg̃ ) = α

nf +g̃
s (µg̃ )

1− α
nf +g̃
s (µg̃ )

π

1

2
ln

(
µ2g̃

M2
g̃

)

I e.g. Ui (µ0, µ, µg̃ ) (i = H, J, S)

Ui (µ0, µ1) =


U
nf
i

(µ0, µ1) µg̃ > µ0, µ1

U
nf +g̃

i
(µ0, µg̃ )U

nf
i

(µg̃ , µ1) µ0 > µg̃ > µ1

U
nf +g̃

i
(µ0, µ1) µ0, µ1 > µg̃

d

d lnµ
lnUC (Q, µ, µ0) = 2ΓV [αs ] ln

µ

Q
+γV [αs ] ΓV [αs ] =

(
αs

4π

)
ΓV0 +

(
αs

4π

)2

ΓV2 + . . .

I e.g. J(s, µ2J)

µ < µg̃ : δJ
O(α2s )
nf

=

(
αs

4π

)2

CFTf nf

[
8

3

(
ln2 s̃

s̃

)
+

−
116

9

(
ln s̃

s̃

)
+

+

(
494

27
−

8π2

9

)(
1

s̃

)
+

+

(
−
4057

162
+

68

27
π
2 +

16

9
ζ3

)
δ(s̃)

]

µ > µg̃ : δJ
O(α2s )
nf

=

(
αs

4π

)2

CFTf (nf + 3)

[
8

3

(
ln2 s̃

s̃

)
+

−
116

9

(
ln s̃

s̃

)
+

+

(
494

27
−

8π2

9

)(
1

s̃

)
+

+

(
−
4057

162
+

68

27
π
2 +

16

9
ζ3

)
δ(s̃)

]

(Mg̃ =∞)

(Mg̃ = 0)

−→ −
80

9
CFTF (nf + 3)

−→ CFTF (nf + 3)

(
−
484

27
−

8

9
π
2
)Γ

J,nf
1 = −

80

9
CFTF nf

γ
J,nf
1 = CFTF nf

(
−
484

27
−

8

9
π
2
) cusp

non cusp

there is no computation
of exact Mg̃ -dependence
within SCET @ moment and similar for hard and soft fct.
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2

3
(nf + 3)

µ ≤ µg̃ β0 = 11−
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3
nf
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nf
s (µg̃ ) = α

nf +g̃
s (µg̃ )

1− α
nf +g̃
s (µg̃ )

π

1

2
ln

(
µ2g̃

M2
g̃

)

I e.g. Ui (µ0, µ, µg̃ ) (i = H, J, S)

Ui (µ0, µ1) =


U
nf
i

(µ0, µ1) µg̃ > µ0, µ1

U
nf +g̃

i
(µ0, µg̃ )U

nf
i

(µg̃ , µ1) µ0 > µg̃ > µ1

U
nf +g̃

i
(µ0, µ1) µ0, µ1 > µg̃

d

d lnµ
lnUC (Q, µ, µ0) = 2ΓV [αs ] ln

µ

Q
+γV [αs ] ΓV [αs ] =

(
αs

4π

)
ΓV0 +

(
αs

4π

)2

ΓV2 + . . .

I e.g. J(s, µ2J)

µ < µg̃ : δJ
O(α2s )
nf

=

(
αs

4π

)2

CFTf nf

[
8

3

(
ln2 s̃

s̃

)
+

−
116

9

(
ln s̃

s̃

)
+

+

(
494

27
−

8π2

9

)(
1

s̃

)
+

+

(
−
4057

162
+

68

27
π
2 +

16

9
ζ3

)
δ(s̃)

]

µ > µg̃ : δJ
O(α2s )
nf

=

(
αs

4π

)2

CFTf (nf + 3)

[
8

3

(
ln2 s̃

s̃

)
+

−
116

9

(
ln s̃

s̃

)
+

+

(
494

27
−

8π2

9

)(
1

s̃

)
+

+

(
−
4057
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+
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27
π
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16

9
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9
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−
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CFTF nf

γ
J,nf
1 = CFTF nf

(
−
484

27
−

8

9
π
2
) cusp

non cusp

there is no computation
of exact Mg̃ -dependence
within SCET @ moment and similar for hard and soft fct.
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non-singular contributions

dσ

dτ
=

∫
dk

(
dσ̂s

dτ
+

dσ̂ns

dτ

)(
τ −

k

Q

)
⊗Smodτ

(
k − 2∆̄

)
+p.c.

nonsingular (nf -part)

I thrust in �xed order

minus �xed ord. expansion

of singular part.

I extract the nf -part at O(α2
s )

(�xed order) from EVENT2

I multiply by 8/5 to account

for gluinos

LL′ NLL′ NNLL′

αs β0 X β1 X β2 X

Γ Γ0 X Γ1 X Γ2

γ - γ0 X γ1 X

tree X O(αs) X O(αs)2 (X)

tree X O(αs) X O(αs)2 (X)

Matrix
elements

non-
singular

Counting for gluino e�ects:

[nf → nf + 3]
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expansion in µi
Mg̃

vs. exact dependence on µi
Mg̃

I Normalization of the cross section: had. R-Ratio at µ2 = s

∼ 1%� uncertainty

(for R-Ratio and αs )

R
nf (s) = 1 +

α
nf
s (s)

π
+

αnfs (s)

π

2 [
R1 +R

nf
2

]
+

αnfs (s)

π

2

2(ρR + ρ
V )(M2

g̃ , s)

I scheme change for αs to avoid large logs in the small Mg̃ -limit

R
nf (s) = 1 +

α
nf +g̃
s (s)

π
+

αnf +g̃
s (s)

π

2 [
R1 +R

nf
2

]
+

αnf +g̃
s (s)

π

2

2

(ρR + ρ
V )(M2

g̃ , s)−
1

4
ln

 s

M2
g̃



[Hoang et al.,95`]

[Kniehl,90�]

nf massless quark �avours

µ < µg̃ :

µ > µg̃ :

additional massive species

�
�	

PPPPPPPq

Compared to expansion in µ/Mg̃ :

Mg̃ =

{
0 µ > µg̃

∞ µ ≤ µg̃
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Preliminary numbers [Abbate et al., 10`]

αs(MZ ) = 0.1135
±0.002exp ± 0.005had
±0.009pertI ∼ 500 random points in 12-dimensional parameter space

(µ-variation, theory uncertainties in �xed order numerical results

4-loop cusp, constant contributions in 3-loop jet and soft)

I no sensitivity for Mg̃ & 207GeV

Ω1 ≡ ∆̄+
1

2Nc
〈0|trc{ȲT

n̄ (0)Yn(0)ı∂̂Y †n (0)Ȳ ?n̄ (0)}|0〉
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1 Factorization theorem of thrust within SCET

2 New scale µg̃ ' Mg̃

3 Modi�cations: ↔ extreme approach µ ≶ µg̃ vs. exact Mg̃ -dependence

4 Nonsingular contribution included

5 Numerics is on the way, preliminary numbers available at the DPG

next week.

Conclusions
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