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Motivation

o o

My,: 125.5 + 0.2 702 GeV [ATLAS '13]
125.7 £ 0.3 0.3 GeV [cMS '13]
Higs boson couples to
#® fermions: top-quarks, bottom-quarks, tau-leptons (LHC)
® gauge bosons: W, Z, v (LHC)
® itself ?7?
Exp. data in very good agreement with SM predictions !
Phenom. interesting quantity:
o X BR (production rate x branching ratio)
® New(BSM) physics through loop effects !
® Precision measurements & calculations
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#® fermions: top-quarks, bottom-quarks, tau-leptons (LHC)
® gauge bosons: W, Z, v (LHC)
® itself ?7?
Exp. data in very good agreement with SM predictions !
Phenom. interesting quantity:
o X BR (production rate x branching ratio)
® New(BSM) physics through loop effects !
® Precision measurements & calculations

This talk: top- and bottom-Yukawa corrections in the MSSM
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Framework

# Effective field theory: M), < My, Mgysy

1
L — L5+ Ligp + O35
Mheavy

K, (0)

5=

Cl OO + Z CQqOQQ + C3q03q) )
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Framework

# Effective field theory: M), < My, Mgysy

1
L — L5+ Ligp + O35
Mheavy

K, (0)

5=

Cl OO + Z CQqOQQ + C3q03q) )

where

0F — (@,

0o 0,/ -0,/ 0,
O2q — mq qQq,

0 _ -0//:770/ 0,7\ .0,/
Oz, = q (P —my")q",

and the effects of heavy particles are contained in the coeff. C;, Cy, . ..
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Framework

# Effective field theory: M), < My, Mgysy

e 5 1
£— L8+ L + O(775—)
heavy
eff h(O) 0 E :
‘CY — ( ) Clo + CQqOQq + C3q03q) s

® “Matching” : low energy physics must be unchanged !!

o®) = ¢
mo) = C,, mitl

CS — CS(Q& MSUSY7 m, ,LL)

s Cm., = Mmatching coefficient
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Framework

# Effective field theory: M), < My, Mgysy

1

(5)
L — L5 + L0 D+O(Mﬁeavy)
eff h(O) 0
L5 = 55 |CY0% +Z (39,09, +C3,08.) ] .

#® Higgs decay width
(k> q0) =IO (14 ACE, + S0

® M, ~ 126 GeV: h — bb dominant decay mode
® BR; = s sensitive to I'(h — bb)
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Framework

# Effective field theory: M), < My, Mgysy

1
L— L8+ L + O(——)
Mheavy
eff h(o) 0,0 0 0 0 0
£ = —5 |C10} + > (C3,08,+ C3,08,) | .
q

#® Higgs production cross-section in gluon-fusion channel

2
C1 SM
1-loop) - ]

a(pp%h—l—X):(jol (
¢y

® o\ contains full mass dependence at LO
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C: and C, at 2-loops in the MSSM

® direct calculation ® viaLET

pAZ:O

pA2:O H
Cl: ______<:> - DM| W@W
g g

® LET in MSSM status
SQCD: 3 loOpS [Kurz, Steinheuser, Zerf *12]
SQCD+Yukawa: 2 loops [Noth and Spira '08,10], [L.M. & Reisser '10], [Kunz and L.M. '13]
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Calculation of C,, at 2-loops in the MSSM

Feynman Diagrams

Bl,fl b2 \ 7 f
E

517 1

® Reduction to 2-loop tadpole MI [Davidichev and Tausk 93]

# Exact analytic results of O(a?, asoy, asa) available
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Calculation of C,, at 2-loops in the MSSM

1-Ioop: [Hall, Rattazzi, Sarid '94], [Hempfling 94], ...,

® resummation of the tan S-enhanced contributions (o tan j3)
[Carena et al '00], [Guash, Hafliger, Spira 03], [Dawson et al '11]

SUSY 2013, Trieste, 27 August 2013 Luminita Mihaila — 2-loop SUSY-EW corrections to Higgs production and decays



Calculation of C,, at 2-loops in the MSSM

1-Ioop: [Hall, Rattazzi, Sarid '94], [Hempfling '94], ...,

® resummation of the tan S-enhanced contributions (o tan j3)
[Carena et al '00], [Guash, Hafliger, Spira 03], [Dawson et al '11]

. — —sin « 1
2 cos B 14 as(Ap — ptan ) my I<m%1’m%2’ mg) + o As i tanﬁ](ma,mi’ 12)
1
X |14+ asApmg I(m%l, m%g, mg) — as(—ptan 3) mg ](mgl,mi,mg)

tan o tan 8
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Calculation of C,, at 2-loops in the MSSM

1-Ioop: [Hall, Rattazzi, Sarid '94], [Hempfling '94], ...,

® resummation of the tan S-enhanced contributions (o tan j3)
[Carena et al '00], [Guash, Hafliger, Spira 03], [Dawson et al '11]

. — —sin « 1
2 cos B 14 as(Ap — ptan ) my I<m%1’m%2’ mg) + o As i tanﬁ](ma,mi, 12)
1
X |14+ asApmg I(m%l, mi, mg) — as(—ptan 3) mg ](m%l,mi,mg)

tan o tan 8

# residual theoretical uncertainty 6T'(h — bb)|1_100p UP t0 30%
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Calculation of C,, at 2-loops in the MSSM

1-Ioop: [Hall, Rattazzi, Sarid '94], [Hempfling '94], ...,

® resummation of the tan S-enhanced contributions (o tan j3)
[Carena et al '00], [Guash, Hafliger, Spira 03], [Dawson et al '11]

. — —sin « 1
2 cos B 14 as(Ap — ptan ) my I<m%1’m%2’ mg) + o As i tanﬁ](ma,mi, 12)
1
X |14+ asApmg I(m%l, mi, mg) — as(—ptan 3) mg ](m%l,mi,mg)

tan o tan 8

# residual theoretical uncertainty 6T'(h — bb)|1_100p UP t0 30%

2-Ioops: [Noth and Spira ’08, '10 ], [L.M. and Reisser ’10], [Kunz and L.M. ’13]

# residual theoretical uncertainty 6I'(h — bb)|a_100p UP 10 5%
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h — bb in the MSSM at 2-loops

) |
% — — +1-loop SUSY-QCD + 1-loop SUSY-EW ]
O 4} ——— +2100pSUSY-QCD + 2-lo0p SUSY-EW :
g ! modified m,max -scenario |
3 B tanf3=50 ]

) [ ,
L 2} :
e |
\\:

G20 121 122 123 124 125 126 127 128 129
M, (GeV)
Modified m;'** scenario:

A = A, = 1500 GeV, tan 8 = 50, M4 = 1000 GeV, M; = 860 GeV, u = 1000 GeV,
Mgl = MqQ = 1040 GeV, Mf1 =370 GeV, Mfz — 1045 GeV
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Calculation of ¢ at O(asa;) in the MSSM

Feynman Diagrams

o g i B

#® Exact analytic results of O(«aay) available
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Calculation of C; at O(asa;) in the MSSM

Cl in SQCD
9o LO[O(Ozs)]Z [Djouadi, Graudenz, Spira, Zerwas '95]

> NLO[O(O&?)] . [Dawson, Djouadi, Spira '96], [Harlander and Steinhauser ’03, '04], [Bonciani, Degrassi, Vicini

'07], [Muhlleitner and Spira ’07], [Degrassi and Slavich ’08], [Anastasiou, Beerli, Daleo’08], [Muhlleitner, Rzehak,
Spira '08]

$ NNLO[O(O&?)]Z [Pak, Steinhauser, Zerf 10, 12]
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Calculation of ¢ at O(asa;) in the MSSM

Cl in SQCD
» LO[O(Ozs)]Z [Djouadi, Graudenz, Spira, Zerwas '95]

> NLO[O(O&?)] . [Dawson, Djouadi, Spira '96], [Harlander and Steinhauser ’03, '04], [Bonciani, Degrassi, Vicini
'07], [Muhlleitner and Spira ’07], [Degrassi and Slavich ’08], [Anastasiou, Beerli, Daleo’08], [Muhlleitner, Rzehak,
Spira '08]

$ NNLO[O(O&?)]Z [Pak, Steinhauser, Zerf 10, 12]

C at (O(asay)) [Kunz and L:M:13] (preliminary!!)
® Modified m}*** scenario: < 1% w.r.t. LO SQCD contribution

® Heavy SUSY spectrum: negligible
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Top-Yukawa and ., (1)

® () ~ Mmyop () [Hempfling and Kniehl '94]

#® Calculation of mg "M (1 ~ Msysy > 1 TeV)

SUSY 2013, Trieste, 27 August 2013 Luminita Mihaila — 2-loop SUSY-EW corrections to Higgs production and decays



Top-Yukawa and ., (1)

® () ~ Mmyop () [Hempfling and Kniehl '94]

#® Calculation of mg "M (1 ~ Msysy > 1 TeV)

9 m{oSM () /MQ5 1S Martin '04] = TSIL code [Martin and Robertson '05]

Large logs In (%) for u > 1 TeV = numerical instabilities

Amyop | SM(u = MgQp) | MSSM (1 = Msusy = 6 TeV)
1 loop 9.8 GeV 39.8 GeV

2 loops 1.7 GeV 5.3 GeV

3 loops 0.5 GeV 7?7

To be compared to AM > ~ 1 GeV
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Top-Yukawa and ., (1)

® () ~ Mmyop () [Hempfling and Kniehl '94]

#® Calculation of mg "M (1 ~ Msysy > 1 TeV)

9 m{oSM () /MQ5 1S Martin '04] = TSIL code [Martin and Robertson '05]

® Resume the large logs

M OS T9IL [Martin & Robertson’ 05] m DR,MSSM

2 loops

<
Q |S 0 ")
=S £lg
I = o)
(9\]

NS

RunDec [Chetyrkin et al * 00]
4 loops DR,SM
mMS,SM p m

Am}:\ggSM(,u =6 TeV) = 0.75 GeV
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miop(1) @and M}?IOOPS

® 2. method implemented in H3m [Kant, Harlander, L.M., Steinhauser "10]

® M for heavy SUSY spectrum

[Feng, Kant, Profumo, Sanford ’13]

135|||]|]||]||]l||I]I]lll]l|||||||||]|l|]|]|||||
130
CATLASICMS e TS L--3
Combined (10) - i -.:.:-:-'-—""‘:':'C]iii—?i'c?'c:';
< 7 GPET S s Feyntiod
> 125
S ’
E-C1 20 A e

115

IIIIIIIIIlIIII]

H3m band indicate

1104 scale uncertainty, Renormalization Scales | |
extrapolated below SPheno: p=1TeV | ]
; m; = 1.5 TeV All Others: p =-/m; m;, -
1 .I:'i:|||||||||||||||||||||I|||||||I|I|||||||||||||
05 1 2 3 4 5 6 7 8 9
m. (TeV)
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Conclusions

® 2-loop top- and bottom-Yukawa corrections at most at the percent level w.r.t. LO
contributions

® Resummation of large logs required for the calculation of top-Yukawa coupling at
high energies
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