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Facts abouta,

0425) (Mz) = 0.1184 + 0.0007 [Bethke’09,PDG]
MS scheme

running

e o o @

decoupling
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5() [Gross,Wilczek'73; Politzer'73]

ny Bo 51 B2 B3
61 [Caswell’74; Jones’74; Egorian, Tarasov'74] 3 225 400 1006 4723

/62 [Tarasov,Vladimirov,Zharkov'80; Larin,Vermaseren’'93] 5 1 . 92 2 42 2 . 83 18 . 85

53 [van Ritbergen,Vermaseren,Larin’97; Czakon’05]

3; obtained from renormalization constants for a:

bare

0= p? d’u2a =y du 7(Za,ts)
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Solutions of j>-%% = 3

dp= m
2 3
u? da 1 [1 B bs b3\ o
IHF = ﬁ() ﬂo|: —|—b11na—|—(b2 bl> —|—<2 b1bo + 2) ]—|—C
L=1n(u®/A%), b;=5, a=2
s 1 biIn L 1
as(p) _ 1 hln b2(In*L —In L — 1) + by

7T GBoL  (BoL)? N (BoL)3

+ (601L)4 [b?’ (-m L4 1n2L+21nL - ;) — 3b1baIn L + b;]
+0O(1/L°)
as(M;) = 0.332 £ 0.0056xp & 0.015,
[Baikov,Chetyrkin,Kiihn’08]
L A 1/L° incl. das (M) das(Mz)
M, 213MeV 4-1076 O(1/L%) +0.004 +0.0004
M, 361MeV 0.003 O(1/L%)®  —0.005  —0.0009
O(1/L>)2  —0.004 —0.0004
(1): B4 =0; (2): B4 =200
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Solutions of;ﬂdiz L =5 (2)

Preferable (to “A”)

» numerical solution of 1 3> % = § with truncated 5(as)

» “resummed fOrmU|ae" (see, e.g., [Huber,Lunghi,Misiak,Werr])

v B
+(&S€UMO))3 [gﬁ(l —v) + (%)2 (11121) —Inv+v— 1)]
+(&S(“O))4{§§ (1_2/02) + 524 [(20 —3)Inv +v? - ’U}

3

(&) s gt 0o - 7))

- ~ 2
&8(,“) _ &s(po) o (as(ﬂ0)> 5(1) Inv

o

Qg = 048/477'; v =14 as0 ln(:u2/:u(2))
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Heavy quark thresholds

# decoupling (matching, threshold corrections)

® match (MS scheme)
QCD with ny = n; + 1 flavours to

QCD with n; flavours

9 agnl) (Iu) p— COés (M)O{gnf) (M) [Bernreuther,Wetzel'81; Larin,van Ritbergen,Vermaseren’94]

n [Chetyrkin,Kniehl,Steinhauser’97]
(n) (ng)
C — 1 _|_ § C s [Schréder,Steinhauser’06; Chetyrkin,Kiihn,Sturm’06]
as nZ 1 as T‘-

[ as(p) 1s not a continuous function of y

B Cozs (,u): M = Hdec
unphysical scale, not fixed by theory — dependence

on 140 Should become weaker if the order of
perturbation theory is increased
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running & decoupling

N-loop running « (N — 1)-loop decoupling

Al () — A ()

A avall. to order running decoupling
LO: O‘S(M) “50” Cas =1
NLO: a,(1+ Xjay) “B1” Cay = 1+... 22
NNLO:  a (1 + Xyas + X502)  “By"  Cow=1+4...% 4. (%)
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Hdec

as(p) for 4 GeV < p < 30 GeV;, 4-loop analysis
Lhdec = 13 GeV

0.22 -
0.20

0.18
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Hdec

as(p) for 4 GeV < p < 30 GeV;, 4-loop analysis
Pdec = 7 GeV

0.22 -
0.20

0.18
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Hdec

as(p) for 4 GeV < p < 30 GeV;, 4-loop analysis
Ugec = 7 GeV and pge. = 13 GeV

0.22 -
0.20

0.18
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Intermezzo: o, in MS and MOM scheme

Appelquist-Carazzone-Theorem: automatic decoupling in MOM scheme

[Chetyrkin,Kniehl,Steinhauser’09]
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Intermezzo: o, in MS and MOM scheme

Appelquist-Carazzone-Theorem: automatic decoupling in MOM scheme

[Chetyrkin,Kniehl,Steinhauser’09]
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Intermezzo: o, in MS and MOM scheme

Appelquist-Carazzone-Theorem: automatic decoupling in MOM scheme

[Chetyrkin,Kniehl,Steinhauser’09]
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o (M) O ol (My)

decouple, ny =3 —ny =4

decouple, ny =4 — ny =5

7N
A o owi Matthias Steinhauser — p.10

||||||||||||||||||||||||||||||




ol (M) O o (My)
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ol (M) O o (My)

He,dec = 3 GeV
b, dec = Hb

0.122 - —{ O-loop dec. ——

0.1215 |

0.121

=N | .
=0.1205 | g
(7))

b i
0.12 |

0.1195 |

0.119

1 ( C150V) 10
e

eeeeeeeeeeeeeeeeeeeeeeeeeeeeee



(3) (5)
s (M 7') X s (M Z)
He,dec = 3 GeV
0.122 0-loop dec. . Hb,dec = Hb
0.1215 | 2-loop dec. *
0.121 | *
N
=0.1205 | g
b(/'J
012 | - _ |
/ - - S
0.1195 | -—-_
0.119 L B iy
1 10 10
H,(GeV)
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o (M) O ol (My)

He,dec = 3 GeV

Hb.dec = Hb
0.122 —{ O-loop dec. . \
~ 1-loop dec. . f
0.1215 | 2-loop dec. . |
f 3-loop dec. . f
0.121 |~ _ 4-loop dec. (84 = 0) .
m | - ~ .o. ]
=0.1205 | = J
Uw f AN
012 e ¢ - .— \. :\\.\ o — ]
/ ~ = T =
0.1195 | T~~~
0.119 b - — ——
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He,dec = 3 GeV
b, dec = Hb

0.1206 ; ]

0.1205 | S dec.

0.1204 | D dec.

0.1203 gggg
_55'0-1202 | 0 dec. (54 = 0)
0.1201 | 0 dec. (84 = 150)

0.12 | s
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o (M) O ol (My)

He,dec = 3 GeV
b, dec = Hb
0.1206 | | .1
0.1205 | oop dec.
0.1204 | oop dec.
01203 | oop dec.
01902 f oop dec.
s : oop dec. (34 = 0)
~0.1201 | oop dec. (84 = 150)
012 ¢ .~ — ~ \\\\ dag(trunc. p.t.) ~ 0.0002
0.1199 | / N~ L~ Scvs (1. dec) = 0.0002
: N o~ ,
0.1198 |/ o ~._ i
0.1197 L N S ——
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0423) (M) O o’ (M;) — numbers
(MT) = 0.332 £ gy £ 0},
0 a8” (M) = 0.1200 £ 6%, + 6% + devol Strunc.p.t. ~ 0.0002
(5evol)2 — (5Mc,dec)2 + (5Mb,dec)2 + <5trunc.p.t.)2

fhe,dec b dec ol (M)

3 GeV mp(my) | 0.1200

3GeV | 0.5my(my) | 0.1200

3 GeV 5] mb(mb) 0.1199

3 GeV 10 mb(mb) 0.1198

me(me) my(mp) | 0.1202
Hme(me) mp(my) | 0.1199
10me(me) | mp(mp) | 0.1198

0 6,001 & 0.0004
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ozgg)(MT) a§5)(M z) — numbers (2)

[ 6ove ~ 0.0004

agg) (MT) = 0.332 = O.OOBeXp + 0-015th [Baikov,Chetyrkin,Kihn'08]
n

o) (Mz) = 0.1202 = 0.0006xp == 0.0018, & 0.0003evor

ol (M) = 0.3156 £ 0.0030exp = 0.00514, ST
]

ol (M) = 0.11795 £ 0.00038exp = 0.00063¢, %= 0.000200y0;
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I A
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Single-step decoupling ob and ¢

Me ~ 13 Gev’ mp ~ 42 Gev [Grozin,H(jscheIe,H.off,St-einhauser]
0 me < my justified 2? preliminary
|dea: decouple b and ¢ quark simultaneously
0.121
0.1205 | :
~ 012 -
2 u i
=0.1195 :
S 0.119 | :
0.1185 :

0118 —F — ,
1 10 10

l'ldec (GeV)
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Single-step decoupling ob and ¢

Me ~ 13 Gev’ myg ~ 42 Gev [Grozin,H(jscheIe,H.off,St-einhauser]
0 me. < my justified 27 preliminary
|dea: decouple b and ¢ quark simultaneously

0121 ——
N \ |
0.1205 | \‘\.\ y
~ 0121 N~ i
= ~ S o |
50.1195 | NS~ |
S 0119 | N S
f . =
0.1185 | '\.\ .

0.118 ST R S S
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Single-step decoupling ob and ¢

Me ~ 13 Gev’ myg ~ 42 Gev [Grozin,H(jscheIe,H.off,St-einhauser]
0 me. < my justified 27 preliminary
|dea: decouple b and ¢ quark simultaneously
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Single-step decoupling ob and ¢

Me ~ 13 Gev’ mp ~ 42 Gev [Grozin,H(jscheIe,H.off,St-einhauser]
0 me < my justified 2? preliminary
|dea: decouple b and ¢ quark simultaneously
0.121
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Single-step decoupling ob and ¢

Me ~ 13 Gev’ mp ~ 42 Gev [Grozin,H(jscheIe,H.off,St-einhauser]
0 me. < my justified 27 preliminary
|dea: decouple b and ¢ quark simultaneously
2-step-dec:
01 T~ 1 N0 m./my corrections
01205 >\ 1-step-dec:
. * : N
N lag In(m./my)]"Y not resummed
~N 0.12 8
2 =
=0.1195
S 0.119 .
0.1185 | NN, C
! \.\ ~_
0.118 — ——
1 10 10
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Conclusions

# do not use as(A) (at least not for small scales)

® Jdas = 0.0007 O 3-(maybe also 4-)loop decoupling
relevant

® comparison MOM « MS

< RU n [b C [Chetyrkin,Kuhn,Steinhauser’00]
ww\«ttp. particle.uni-karl sruhe. de/ Progdata/ttp00/ttp00-05

# 1-step decoupling

éi}.
or
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