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Decoupling of heavy particles

MS scheme: simple, convenient, frequently used, ...

°

# But: Appelquist-Carazzone-Theorem not applicable:
decoupling of heavy particles from coupling and masses is not automatic;

has to be performed “by hand”
#» Example: contribution of t to

o(ete” — qq) for \/_ << mt o In(my/p) for my — oo
use: 0426) — ozg ) (1 4 S= ln mQ)

t

0 o(eTe™ — qq) expressed In terms of @§5> has
contribution oc 1/m? for my — oo

# “decouple top quark from «,”

9 QCD 2' OOp [Bernreuther,Wetzel'81; Larin,van Ritbergen,Vermaseren’'94]
QCD 3- 0]0]0) [Chetyrkin,Kniehl,MS'98]
here: QCD 4-loop and MSSM-SQCD 2-loop
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Unification in the MSSM
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[Allanach et al.04]

® precise running of a; needed
# decoupling of heavy particles
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. Decoupling
In QCD
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Framework

» QCD with ns active flavours
® nry=n;+ 1. n; massless and 1 massive quark

» decoupling constant: aV = (CS)2 o)
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Framework

» QCD with ns active flavours
® nry=n;+ 1. n; massless and 1 massive quark

® decoupling constant: @

~ bare, in effective theory

\

bare, in full theory >
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Framework

QCD with n; active flavours
ny = n; + 1: n; massless and 1 massive quark

decoupling constant: aV = (CS)Q oY

e o o o

similar for gluon and ghost field:

0/70' S 0 070’ 0/,0/ —_ ~O O,CL
Gy =4/ G " =4/(c

» (0 computed from ¢J, ¢J and decoupling constant of

~ ~0
host-gluon vertex (CV); ¢V = S
compare: Z, = Zgz\/lz_g

# Dbare U renormalized quantities: as usual
0 _ 2 __ Zg 0
Ay = (Zg) s, ...0 ¢ = 7
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Framework (2)

0_ _& 4-loop diags.
oy V¢ b tlag

¢ =1+ 1%(0) W@m 6245
0 =1+ 11%(0) ééﬁ 765

O =1+1% (0,0)

10118

hard part: external momentum zero; heavy quark present in loop;
n-loop contribution to C’g requires n-loop vacuum diagrams

[Chetyrkin,Kniehl,MS’98]
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ot (M) O ol (My)

o Evaluation of a§5)(MZ) from a§4)(MT)

® cross b quark threshold:
ng=4,u=M,~177 GeV:my, > pu
ng=5u=Mz=~91.2GeV. m, < u

decouple, ny =4 — ny =5
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ot (M) O o (M)

Evaluation of a§5)(MZ) from a§4)(MT)

® cross b quark threshold:
ng=4,u=M,~177 GeV:my, > pu
ng=5u=Mz=~91.2GeV. m, < u

decouple, ny =4 — ny =5

# Dependence of a§5)(MZ) on /i,
for O-, 1-, 2-, 3- and 4-loop decopling

°

# Note: n-loop decoupling < (n + 1)-loop running
# set 5-loop coefficient of 5 function to zero
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ol (My)

® flat curve for 4-loop decoupling

$ ., =~ 1GeV O breakdown of pert. th. (?)

[Schroder,MS’05]
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@g@(MT) oz@(M z) — numbers

OKS(MT) — 0345 :l: 0'0046Xp :l: OOOSth [ALEPH’05; Davier,Hocker,Zhang'05]

3-loop decoupling U
as(Mz) = 0.1215 % 0.0004exp & 0.0010;, +

OMe 0.00020
omy, 0.00005

trunc. decoupling 0.00026
trunc. running 0.00031
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oz@(MT) ozf)(M z) — numbers

OKS(MT) — 0345 :l: 0'0046Xp :l: OOOSth [ALEPH’05; Davier,Hocker,Zhang'05]

3-loop decoupling U

as(Mz) = 0.1215 £ 0.0004exp £ 0.0010q, = 00005601

OMe 0.00020
dmy 0.00005
Hey b 0.00023 0O 0.00011
trunc. decoupling 0.00026 [0 0.00013
trunc. running 0.00031

4-loop decoupling [ }

as(Mz) = 0.1216 £ 0.0004exp £ 0.00104, £ ¢ 0.0004gy0]

[Chetyrkin,Kihn,Sturm’05]
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°

°

Matthias Steinhauser

¢, and the Higgs-gluon coupling

Lot = —2C104 01 = (G4,)": effective operator
C'1: coefficient function, coupling

Low-Energy-Theorem (LET): (Chetyrkin, Kniehl MS'98]
1 mid 2
C1 = —3 g2 G

Cy: building block for I'(H — gg)and o(gg — H)
¢y known to n loops 0 €7 known to (n + 1) loops

te: (g = Cg(ln m
result note: ¢ g g( (n/m¢))
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¢, and the Higgs-gluon coupling

® Log=—-2C0, 01 = (G4,)": effective operator
C1. coefficient function, coupling

® Low-Energy-Theorem (LET): (Chetyrkin, Kniehl MS'98]
Ch=—1 mi(z In (2

°

Cy: building block for I'(H — gg)and o(gg — H)
¢y known to n loops 0 €7 known to (n + 1) loops

°

: = In m
® result note: ¢y = Cg(In(/me))

(n;+1)
c, ~ —— = mt) [1+2.7500as (m¢)

s
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¢, and the Higgs-gluon coupling

® Log=—-2C0, 01 = (G4,)": effective operator
C'1: coefficient function, coupling

® Low-Energy-Theorem (LET): (Chetyrkin, Kniehl MS'98]
_ 1 m{d g 2
C1 = 2 Om? In Cg
# (': building block for I'(H — gg)and (g9 — H)
® (, known to n loops J C; known to (n + 1) loops
9o reSUIt note: (g = Cg(In(u/my¢))
(ny+1) (n;+1) (n;+1) 2
Cr o~ —11—2 s LT (ma) [1+2.7500 as L (mt) 1 (9.7951 — 0.6979 n;) (as l (mt)>
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¢, and the Higgs-gluon coupling

® Log=—-2C0, 01 = (G4,)": effective operator
C'1: coefficient function, coupling

® Low-Energy-Theorem (LET): (Chetyrkin, Kniehl MS'98]
Cr =~ 5ig n¢g
# (': building block for I'(H — gg)and (g9 — H)

°

¢y known to n loops 0 €7 known to (n + 1) loops

te: (g = Cg(ln m
® result note: Cg = Cg (In(in/m))

. 2
Oég l+1)(mt)>

T

1 oM (m oMY (my)

C,  ~ t) [1+2.7500 s

+ (9.7951 — 0.6979 n;) (

. 3
OA(S l+1)(mt)>

12 ™

T

+ (49.1827 — 7.7743 ny — 0.2207 n}) (
T
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¢, and the Higgs-gluon coupling

® Log=—-2C0, 01 = (G4,)": effective operator
C'1: coefficient function, coupling

® Low-Energy-Theorem (LET): (Chetyrkin, Kniehl MS'98]
Cr =~ 5ig n¢g
# (': building block for I'(H — gg)and (g9 — H)

® (, knownto n loops U ¢ known to (n + 1) loops
& result note: ¢g = Cg(In(p/m¢))
(ny+1) (n;+1) (n;+1) 2
C1 = —11—2 @ | (me) [1 27500 2™ (97051 — 0.6070 my) (as | (mt)>

+ (49.1827 — 7.7743 ny — 0.2207 n}) (
T

. 3
OA(S l+1)(mt)>

1
+ (—662.5065 + 137.6005 n; — 2.5367 n} — 0.0775n7 +6 (85" — g™ T)))

s

(ny+1) 4 [Schroder,MS’05; Chetyrkin,Kuhn,Sturm’05]
<as <mt>) ]
X
Matthias Steinhauser LLO®6, Eisenach, April 2006 — p.12



ll. Decoupling
In the MSSM
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Framework

® MSSM, SUSY-QCD

® Squarks: 4, d, §, ¢, b, t; Gluino: §

® DR: Dimensional Reduction with minimal subtraction

® oMS(My) — oPR(My) in QCD e e on o 07

# 3-loop SUSY 3 function [Jack Jones,Nort96,

#® 2-loop matching | HarianderMinala MS 05

» Scenarios: ks t, o 12
(A) mg, ..., my > mgz, mg, my > my &25“:\:/,:’75?6“ g :f“gm
(B) ma, ..., my, my > mg, my > my % ta C
(C) mg, ..., mz, mg, mg > my > my, g‘é":: g E%i
(D) mag, ..., mz, mg, mg, my > my, E@E %2-52%15

C c

o Simplification: M > m, m; > my
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Typical result

$ mg, ..., My > My, Mg, My > My,
(£,9,6) A1\2 _(full) (5) A2\2  (t,9,6)
Qs = (Cg ) g , Qg ™ — (Cg ) Qg
» 1 ag’gﬁ) Ng aff’gﬁ) ’ 13 Ng n
5 A A T A (~aeme — o+ (5
%) 4
A2z~ T T (8“ - EL’")
<a§5)>2 265 19 35 1 7
+ | — |:—+—Lt+_L7h+<—Lt+_LﬁL
- 96 = 24 12 6 12
() (2 2a) e T ()
48 8 36 \ m

® m = m; L approximation better than 1%

4 881 1 Tt [ my
———— + —Lim )| — ——= | —
7200 80 288 m

>5+...}

[Harlander,Mihaila,MS’05]
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+ o, at ILC
x 10
0935 —— S ‘
0.93 |
0.925 | o
N running:
< 0.92____; {§ 1-loop
9% 0.915 Al ——— 5. OOp
cw 0.91 | 3_ OOp
0.905 |
09 |
0.895102 _ <
Hin o (GEV)
2
O Migy ooy My, My, Mg 2> My 2> MYy, a§5) = (552) oz§6)
® as(Mz) =0.120+0.002 0 as(800 GeV) = 0.0915 + 0.0012

$ [litho = 2000 GeV.

Matthias Steinhauser

dag(3-loop — 2-loop) =~ 0.0025
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(g (MGUT)

0. 042

0. 04 running:
1-loop
0.038 - oop
3-loop
tin2 (GeV) wo flin,1 (GEV)
® mg, ..., My, Mz, Mg > Mg > My,
s o = () e, ) = ()
® 40 GeV < 2 <4000 GeV m = 400 GeV

100 GeV < uy 1 < 10000 GeV M = 1000 GeV
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Comparison of scenarios

-1
x 10 x 10
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0.408 | ] o408 | T TTTTeeeel
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0404 | ] 0404 | o
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o] o]
04 [ ] 04 [
0308 = ~=r =t — e ] 038 }— — — — — — — — — — — ]
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10° 3 10* 102 3
My, (GeV) My (GEV)

#® 3-loop curves for:
Mgy - -y Mg 2> Mg, My 2> My
Migye « vy My, Mg, Mg 2> My 2> My
Mgy« o NG, Mgy Mg, M 2> My,

® os(ugur) =

0.039 8 £ 0.000 23 =+ 0.001 00 + 0.00007
das(Mz) masses th
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Unification in the MSSM

T 1] T
LHC &
LC/GigaZ

25 -

24

1015 1 1 1 11 II]-016
Q [GeV]

My - -y Mg, Mg 2> Mg, My 2> My
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Unification in the MSSM

UL T
LHC &
LC/GigaZ

25 -

24

015 1 1 1 11 II]-016
Q [GeV]

Ma, ..., Mg, Mg > Mg, Mg > My

#® mass effects are important

25

24 .7

T 1] T
LHC &
LC/GigaZ.

1015

Q [GeV]

My, -y Mg, Mg, Mg > My > My

#® 3-loop running and 2-loop matching needed for precise

unification

Matthias Steinhauser
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Conclusions

® QCD
# 4-loop decoupling relation
# stable prediction for as(My) from ag (M)

o

Higgs-gluon coupling to 5-loop order

® MSSM

o

© o o @

Matthias Steinhauser

2-loop decoupling < 3-loop running

various scenarios with 2 matching scales
significant dependence on SUSY mass pattern
iInfluence on unification

[1 needs to be considered in the context of SPA
(Supersymmetry Parameter Analysis)
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