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M. Butenschon: O(G%mf}) Correction to I'(H — bb) 1. Introduction

Higgs Decay into Bottom and Antibottom

My < 140 GeV: Higgs decays almost exclusively into bb.
EW precision tests: Expect My to lie in that range!

e Born level: -

e One loop corrections are known exactly:
— O(a): Braaten and Leveille, 1980
— O(GFp): Kniehl, 1992
e Known higher loop corrections: (Expansions assuming M;, < Mj; < m})
— O(a?): Various papers, 1991-1996
— O(a?): Chetyrkin and Steinhauser, 1997
— O(asGrpm?): Kniehl and Spira, 1994
— O(a’Grm3): Chetyrkin, Kniehl and Steinhauser, 1997
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M. Butenschon: O(G%mf}) Correction to I'(H — bb) 1. Introduction

Overview: Calculation of O(G3%m}) Correction

e Asymptotic Expansion in small momenta and masses (M;, < M3 < m?),
keep only leading term in M.

e All non-naive contributions cancel = No large logarithms of scalar boson masses
e Calculation of diagrams with MATAD (based on FORM)

e Genuine two loop renormalisation in On-Shell-Scheme
= Need general expressions for Counterterms (not only one loop)

e Use counterterm vertex method only for Higgs mass- and Tadpole-Counterterms
Two contributions, which are seperately finite:

1. Universal Counterterm: Appears in all decays into ff.
(Was calculated before [Djouadi et al., 1998]. Disagreement = We could find their mistake.)

2. Non-universal Contributions: Special to decay into bb, as b is EW-isospin partner of ¢.
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M. Butenschon: O(G%ﬁmf}) Correction to I'(H — bb) 2. Renormalization Procedure

Tadpole Renormalization (1)

A
Higgs part of the SM Lagrangian: Lyiges = (D, ®)(D'®) — Z(clffcp)2 + p2oTP
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Complex Higgs doublet: & (x) = :
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M. Butenschon: O(G%mf}) Correction to I'(H — bb) 2. Renormalization Procedure

Tadpole Renormalization (2)

4
Vacuum expectation value: v? = TM — t=0

Instead of dropping all t-terms, renormalize t: t — tyg = 0 + 6t
End up with these counterterm vertices:

H: ist HHH : —3iv 25t HHxXx: —iv >t HHHH: —3iv 36t
XX : v Tt Hyxx: —iv 26t HHpop: —iv 36t xxxXx: —3iv >t
dp:iv ot Hepgp: —iv 26t XXPP: —iv 36t Ppddd: —2iv 6t

.. ! :
Renormalization condition: &t = —T', where 7T := _H @

The one-point counterterm vertex | H : 16t |then cancels all tadpole diagrams.

Effect: e \We do not need to consider tadpole diagrams.
e Instead: Additional counterterms!
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M. Butenschon: O(G%ﬁmf}) Correction to I'(H — bb) 2. Renormalization Procedure

On-Shell Mass Renormalization

On-Shell Condition: Pole of propagator including radiative corrections at renormalized mass
— Renormalized mass equals physical mass.

Higgs Mass Counterterm: Write MI2{,O = M3 + 6 M7 and end up with:

SM?: ==Y (M37), where

@ =)

W Mass Counterterm: Write M‘%V,O = M‘%V + 5M§V and end up with:

SM?2, =2V (M?2), where
Wy Wy Y q"q” W, 2 d"q" w2
/\WN =: —11!g — 5 ZT (q ) — 1 5 EL (q )
q q q
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M. Butenschon: O(G%mf}) Correction to I'(H — bb) 2. Renormalization Procedure

Fermion Mass Renormalization Constant (1)

In the SM right- and lefthanded fermions interact differently. Treat them as different particles.
—> Resum two-point-functions of righthanded field » = w_ f and lefthanded field | = w_ f.

Lagrangian: L — T(iﬁ—mf,o)f = iiﬁl—l—i?@r—mf,()?l —mf,OZr

Propagators: —+  — —%,— = — Vertices: —+t.0 = T.. — —imyyg

Two Point Function: S;(q) = L + —é—@—g—@—é— + égégé + ..

Notation: — & = L 4 @ Loy + ... (propagator-type)

lor = Lr 4 ! @ L (vertex-type)
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M. Butenschon: O(G%ﬁmf}) Correction to I'(H — bb) 2. Renormalization Procedure

Fermion Mass Renormalization Constant (2)

Result: Resummed two point function of left-/righthanded fermion field:

1

I .2v2
2 2 (1—28((1 )) (1 Ef 5 )
(q M0 (1+21 (42) 1+=](42)) + 27, 5(0%)

Sl/r(Q) —

Here, Eg, Z{, Zé are the scalar, left- and righthanded parts of the one-particle-irreducible
fermion self energy:

=: imyS(q") + igwi Th(dY) + igw- T (%)

Write my¢o = mys 4+ dmy. Then the on-shell condition yields:

smy _ /(L +2L0mP) A+ Shomd)
my 1 — 24 (m?)
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M. Butenschon: O(G%ﬁmf}) Correction to I'(H — bb) 2. Renormalization Procedure

Fermion Mass Renormalization Constant (3)

Expanding the mass counterterm we get:

sm s (1) 1 ;) (1)
—L = xf (m})+ Ef (m f)+ Ef (m})
my
L ARTC) B B TC DPRRS RIC) B PO, 50\
— =37 (m}) + =27 (m3) + =5k T (m}) + (=5 (m?)
my 2 2
1 () M 1 5 M
+5 T8 (my) B (mp) 4 ST (m) - g (m])
1 (0 2 ® ® () ’
~ 5 (B10md) + 1= =) - £ (S50 )
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M. Butenschon: O(G%ﬁmf}) Correction to I'(H — bb) 2. Renormalization Procedure

Wave Function Renormalization Constants (1)

e The residues of the resummed two point functions at the one-particle poles are called
wave function renormalization constants. We need WFRC for Higgs (Z ) and for the
left- /righthanded fermion (Z¢;/,):

2 2 2 2
ANy Zx a“omy o g2y
S resp. Sti/r ’
e From the calculated two point functions we derive:
o 1
STV
2

1 | -2k

Zf,l/r — 5 with f(q2 — ( S )

f’(mf)

fe2 fi2
1437 (¢2) ) (1425 (q%)
(1 + zj.j/R(m‘j)) (1 + m? o) (1+216D) (1425 ()

)
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M. Butenschon: O(G%mf}) Correction to I'(H — bb) 2. Renormalization Procedure

Wave Function Renormalization Constants (2)

Expand the WFRC: Z =1+ 62ZW 4+ 623 4 ...

/
/ / 2
(5ZH(2) = — Zg) (M]2,_I> + (Eg—}) (MI2{))
6z;, (M = — s _ s/ _g i _ 551
6Zf,l(2) - _ 222) — 22(2) _ 21,252) _ 22‘;(2) + (Eg)> 4 <E£(1)> n (Egl)) 4 (Eé(l)) N 22(111)22/(1)

B IS Y O IS Y S IS N S IO RU O NP O R OIS ORI

o0 n
Used short notation: Egn) = m?c 92 Zﬁg( )(QQ)
q

2=
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M. Butenschon: O(G%mf}) Correction to I'(H — bb) 3. Results

Calculation of the Transition Matrix Element

e To the orders we calculated the amputated H — bb diagrams have the following structure:

=4iA = iAs + iApwi(d, — 4,)

e The transition matrix element according to the LSZ reduction formula:

T = VZi (VZr @) + VZoa w(a2)) A (Vo vr(@r) + VZoi o))
= (AA V 2y Zpyr + my Ap Zb,l) VZr (g2) v(qr)

e Expand the A's and Z's perturbatively. Then replace bare masses by renormalized masses
plus mass counterterms (also the bare masses in the counterterms themselves).
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M. Butenschon: O(G%mf}) Correction to I'(H — bb) 3. Results

The Transition Matrix Element To O(G%m;})

(1)

(2) >+2‘””76(Z§1l>+5zg}72>

7(2) = 'AE4O) {51(12) T 5::112 T 5Z1§2l) + 5Z1§27? ; (6Z1§1l) 5Z1§17? my,
(1) 2(1) (1)
1 1 1 1 om 1 1 35M”7 dm
2(1) (1)
1 1 1 1 35Mur om 1 1
(1) <1> @ , smy) (2) (2)
.A 5 Z + 6Zbl + my -|—.AA —I—mb.AB

Here, 8, denotes the universal counterterm, which is finite by itself:

(1) 2(1)
m (5Z(1) B 5MW )

2
2(2 2(1 2(1
(2) _1:.(2) o s (et soMp) ) 1 1)? omy
Ou 5ZH s 2 T3 2 — o2 %y — g%y tA - —r— |2y 2
My, My, My, my M2,
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M. Butenschon: O(G%mf}) Correction to I'(H — bb) 3. Results

Calculated Diagrams

Universal Counterterm: Need Higgs and W self energies, e.g.

t
tH Q H bty t
t +/\->~/\/ ’v-wv+ \‘\ ’/ ,,I,{, w o ,,H, ,H,,
w w t t

Non universal contributions: Also need Hbb diagrams and b self energies e.g.

t, b " ¢
RSP OF CO G TR - C‘ N e
H t | : H t//l b H \ (/
; t X t d * "

Here, tadpole counterterms and Higgs—mass counterterms occur:

Heoop: v 'SM3z + iv 26t bp: v 1ot

Tadpole contributions do not cancel! They are necessary to get a UV-finite result.
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M. Butenschon: O(G%mf}) Correction to I'(H — bb) 3. Results

The Final Result (1)

2
2 4 Grm? 29 49
Universal Counterterm: 51(1GFmt) = ( i’ > {NC (7 — 6 C(2)> + Né ﬂ}

(Disagreement with [Djouadi et al., 1998] = We could track down their error.)

Complete correction to the decay rate:

F(G%m%) B (Gme

2
0 8\/%2) {—20 + No (29 —12¢(2)) + Ncg} — +0.047%

The correction is larger than the correction of (’)(aSG’me), which we recalculated:

2
resCrmi)  Grm? Cra, 157
— _36 4+ No [ —— —¢(2) )} = — 0.022%

() 8v272 { +No ( TR )>} °
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M. Butenschon: O(G%mf}) Correction to I'(H — bb)

3. Results

Corrections to the decay rates into Tauon, Charm and Bottom:

The Final Result (2)

Correction r,/r r./T0 I‘b/I‘Z(JO)

O(Grm?) | +2.021% +2.021% +0.289%

O(GEm;) | +0.064% +0.064% +0.047%
O(a;Grpm?) | +0.060% +0.452% —0.022%

0)

NS

r,
=(146,)° -1

I'.
= (14 Aqgep)(14+6,)° —1

(universal counterterm)

(universal counterterm and 1-loop QCD correction)
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M. Butenschon: O(G%mf}) Correction to I'(H — bb) 4. Summary

Summary

e H — bb by far dominant decay channel for My < 140 GeV.
(region favoured by electroweak precision tests)

We calculated a new correction: O(G%m), assuming Mg < m;.
Result also applies to bb — H.

Performed a genuine two loop renormalisation.

Derived general expressions for mass counterterms and WFRC,
valid at an arbitrary number of loops.

Our calculation is an example, where Higgs tadpole contributions do not cancel.

e The correction is surprisingly large, even larger than the O(a ;G rm?) correction!
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