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Motivation
@ Theoretical SM prediction of ogg_. [PDG 08]:

SM Higgs production
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@ What happens to the gg — H (gluon fusion) curve considering the
MSSM as underlying theory?
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g9 — HatLO

@ Calculation of o444 requires the matrix element Mgg_. 4:

@ Dominant contribution comes from heavy top quark loops
(large Yukawa coupling):

4 m; = 173.3 GeV
""" Ty >
mq - {mUa Mg, Mg, Mg, mb} ~0
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99 — H at higher loop-orders

@ NLO result: [Dawson 91, Spira et al. 91, 95]

@ NNLO result has been obtained in the framework of an effective
field theory (EFT): [Harlander, Kilgore 02, Anastasiou, Melnikov 02, Ravindran .. 03]

g g

@ NNLO full theory calculation: [Harlander, Ozeren 09, Pak, Rogal, Steinhauser 09]
— EFT predictions are reliable.

@ Resummations [Actis, Catani, Grazzini, Moch, Neubert, Vogt ...]
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99 — H at higher loop-orders
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g9 — H at higher Ioop -orders
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gg — h° at LO

@ QCD + additional squark diagrams:

g g
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@ Feynman rule for hytt vertex (SU2) =+3 Q4= ULUL,
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gg — h° at LO

@ QCD + additional squark diagrams:
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gg — h° at LO

@ QCD + additional squark diagrams:
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@ Feynman rule for hytt vertex:

~ t
S oc{m,z(...)
- + me (At + psusy - -)

J +m§()}

@ No m; terms in hybb vertex:
— neglecting this coupling (ok for small tan )
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gg — K at higher loop-orders

@ NLO SUSY-QCD:
— up to 3 scales in one diagram!
— no exact analytic results available.

@ — First: EFT predictions where mz, < {my, m;, mg,, mg} holds.
[Harlander, Steinhauser 04]

@ NLO g & g result: [Aglietti, Bonciani, Degrassi, Vicini 07, Miihlleitner,Spira 08]
@ Numerical full theory analysis: [Anastasiou, Beerli, Daleo 07]
@ Complete NLO analysis: [Harlander, Hofmann, Mantler 10]

@ Estimation of NNLO contribution exists. [Harlander, Steinhauser 03]

@ NNLO EFT calculation ?
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Effective field theory and matching coefficient

g g
t

. NN K

t X ¢

8
@ Integrate out all heavy masses: §
.
v
Lsusv.acp — Lerr = ——-C17Ga, wGE + .
C1 (’)1
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Effective field theory and matching coefficient

@ Integrate out all heavy masses:

ho
1
Lsusy.acp — LeFT = _701 3Ga, G+ ...

C104

@ C; contains all heavy masses and has to be determined
via matching to the full theory.
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Effective field theory and matching coefficient

@ Integrate out all heavy masses: §

ho
1
Lsusy.acp — LeFT = _701 3Ga, G+ ...

C104

@ C; contains all heavy masses and has to be determined
via matching to the full theory.

[ EFT | MSSM |
. g.gc | I cgd.94att:
° My, Mg = 0 My, My, mg» mEya my, Mme
DREG DRED
(5)MS (6)DR
g Qg
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Effective field theory and matching coefficient
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Effective field theory and matching coefficient

@ Integrate out all heavy masses: §

ho
1
Lsusy.acp — LeFT = _701 3Ga, G+ ...

C104

@ C; contains all heavy masses and has to be determined
via matching to the full theory.
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Effective field theory and matching coefficient

@ Integrate out all heavy masses: §

hO
1
Lsusy-acp — Lert = - Ci13Ga G +

C104

@ C; contains all heavy masses and has to be determined
via matching to the full theory.

\ EFT \ MSSM

K, g.9.¢c | h°¢cg.9938tte¢

Mpo, Mg =0 | Mpo, My, Mg, Mg, My, M.
DREG DRED

a(ss)m (e)ﬁ

@ — Require hierarchy: my < (m. < my, mg, mg, my)

\N
YA
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Effective field theory and matching coefficient

@ SUSY-QCD matching calculation at NNLO contains:
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Effective field theory and matching coefficient

@ SUSY-QCD matching calculation at NNLO contains:
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Effective field theory and matching coefficient

@ SUSY-QCD matching calculation at NNLO contains:
> 10 1-loop diagrams.
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Effective field theory and matching coefficient
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Effective field theory and matching coefficient

@ SUSY-QCD matching calculation at NNLO contains:

> 10 1-loop diagrams.
> 671 2-loop diagrams.
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Effective field theory and matching coefficient

@ SUSY-QCD matching calculation at NNLO contains:
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Effective field theory and matching coefficient

@ SUSY-QCD matching calculation at NNLO contains:

> 10 1-loop diagrams.
> 671 2-loop diagrams.
» 49632 3-loop diagrams.
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Effective field theory and matching coefficient

@ SUSY-QCD matching calculation at NNLO contains:
> 10 1-loop diagrams.
> 671 2-loop diagrams.
» 49632 3-loop diagrams.

@ — fully automated algebraic calculation recommended!
QGRAF [Nogueira]
g2e [Seidensticker]
exp [Seidensticker]
MATAD |[Steinhauser]
FORM [Vermaseren]
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Renormalization

@ Counterterms and decoupling constants:
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Renormalization

@ Counterterms and decoupling constants:
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First approximation for C;

@ For the mass hierarchy m; <« msusy =M = Mg = Mg we obtain:
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First results

@ Fix MSSM parameters:

My =1000GeV, tan( =5,
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First results

@ Fix MSSM parameters:
MAo = 1000GGV, tang =5, Hususy = 200 GeV.

@ Calculate with H3.m [Kant e.a. 10]: o
Mpo(msusy), sina(msusy), mPR(msusy)
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First results

@ Fix MSSM parameters:
MAo = 1000GGV, tang =5, Hususy = 200 GeV.

@ Calculate with H3.m [Kant e.a. 10]: o
Mpo(msusy), sina(msusy), mPR(msusy)

—89GeV < My <119GeV for 200 GeV < mgysy <2 TeV
—ar~—0.2 - 92 ~0.99 — SM like A°tt-coupling

sing
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First results
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First results

120 R
0250 Y —— LO MSTWOS
s <u =<
MH=E =MH —— NLO |
& 1007 Vs =14TeV LHC 1
i I
’°>: L
g 80
A
I 60
1 \
oS I
40
207 . | . . . . | . . . . | . . . . ]
500 1000 1500 2000
Msysy(GeV)

Nikolai Zerf (TTP KIT) g9 — h% NNLO DESY TW 2011 14 /17



First results
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Extending approximation

@ Introducing mass differences: Aj = m? —
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Extending approximation

@ Introducing mass differences: Aj; = m? — mZ.

@ With At1g,Atzg,A

my <<m" Mg = My,
=
m; <<m?i ~ mg ~ ma’. .
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@ Introducing mass differences: Aj; = m? — mZ.

@ With At1g,Atzg,A

my <<m” Mg = My,
=
m; <<m?i ~ mg ~ ma’. .

@ Expandin Aj ~ 0.
@ — Result can be used for a more general set of SUSY
parameters.
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Extending approximation

@ Introducing mass differences: Aj; = m? — mZ.

@ With At1g,Atzg,A

my <<m~ Mg = My,
=
m; <<m?i ~ mg ~ ma’. .

@ Expandin Aj ~ 0.
@ — Result can be used for a more general set of SUSY
parameters.

2 3
Ci = ag5)c§°) + <a§5)> 01(1) + (a(55)> ng)‘
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Results

PRELIMINARY

(A2D)VIW

AAVNINIT3Hd

99 — h° NNLO

Nikolai Zerf (TTP KIT)



Results
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Results

PRELIMINARY
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Results

PRELIMINARY
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4 Summary and Outlook

@ QCD scale dependence for opp .1 x is large.
— NNLO calculation required.

@ C; has been calculated up to 3 loops in SUSYQCD for

> mt<<mg~mz_zm5,i.
>mt<<n}i1<<m§%m72%mfh'
> mtzmh <<mga:m;2zmai.

@ = Study o, 10, x in different SUSY scenarios:

pp—
m’r?ax

small st
no-mixing
gluophobic
mSUGRA
mGMSB

vV VvV VY VY VY
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4 Summary and Outlook

@ QCD scale dependence for opp .1 x is large.
— NNLO calculation required.

@ C; has been calculated up to 3 loops in SUSYQCD for

> mt<<mgzmz_zm5,i.
>mt<<n}i1<<m§%m72%mfh'
> mtzmh <<mgzm;2zm5,i.

@ = Study o, 10, x in different SUSY scenarios:

pp—
m’r?ax

small st
no-mixing
gluophobic
mSUGRA
mGMSB

vV VvV VY VY VY

Thanks for your attention!

Nikolai Zerf (TTP KIT) g9 — h% NNLO DESY TW 2011 17 /17



Excursion with e-scalars

@ c-scalars induce additional terms in £:

Lo=—3(mP)?&aca_ 0 (\0)2Qacday

g

Nikolai Zerf (TTP KIT) 99 — h? NNLO

DESY TW 2011



Excursion with e-scalars

@ c-scalars induce additional terms in £:

Lo=—3(mP)?&aca_ 0 (\0)2Qacday
. i
— ::" """ ~ (Af)
- /s

Nikolai Zerf (TTP KIT) g9 — H° NNLO DESY TW 2011



Excursion with e-scalars

@ c-scalars induce additional terms in £:

Lo=—3(mP)?&aca_ 0 (\0)2Qacday
. i
— ::" """ ~ (Af)
- /s

Nikolai Zerf (TTP KIT) 99 — h? NNLO

DESY TW 2011
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Excursion with e-scalars

@ c-scalars induce additional terms in £:

_ _1(m0\2 0,a.0a_ h (702 0a.0,a
ﬁe——é(me) €, €y _W(Ae) €€+ ...
S
< 1o ~ 0 2
— /:' ***** (Af)
// /S
__E __E
T ~_E e t
S~ he ho
g oemo--- A e
e A
e e

@ For physical results we require:

N = ANC L0,

2
= A2 =0+ oA+ (22) ot
™ ™
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Excursion with e-scalars So

2% SIEIY s¢
@ c-scalars induce additional terms in £:

_ _1(m0\2 0,a.0,a_ H (p0)\2 0,a.0,a
Le——é(me) €, €y _W(Ae) €5 “€5 +....
e
< 1o ~ 0 2
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e gy
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@ For physical results we require:
Aren _ ANC L 0.

2
= A2 =0+ oA+ (22) ot
™ ™

® Check: G5V (DRED, o) = c§" (DREG, o) ./
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Excursion with e-scalars
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Calculating Cross Section

@ Scale invariance: & (Ci(u)O1(n)) = 0+ O(a),

d%C1 (1) # 0.
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Calculating Cross Section

@ Scale invariance: f; (Ci(#)O01(n)) =0+ 0O(ad), 45 Ci(u) #0.
@ Use scale invariant Cy and Oy [Chetyrkin, Kniehl, Steinhauser 97]:

1 7235)
_ R _ 5) _
OQ_B()O17 Cg—mch B()——W
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Calculating Cross Section

@ Scale invariance: f; (Ci(#)O01(n)) =0+ 0O(ad), 45 Ci(u) #0.
@ Use scale invariant Cy and Oy [Chetyrkin, Kniehl, Steinhauser 97]:

1 7235)
_ R _ 5) _
OQ_B()O1’ CQ_WC17 B()——W

@ Separating scales s ~ %M,,o s teh ~ My

a

dun iOg(Ms) =04 O(ad(ps)).

Co(n) = 0+ O(ca(n)), s
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Calculating Cross Section

@ Scale invariance: f; (Ci(#)O01(n)) =0+ 0O(ad), 45 Ci(u) #0.
@ Use scale invariant Cy and Oy [Chetyrkin, Kniehl, Steinhauser 97]:

1 7235)
_ g6 _ 5 _
0y =BOOy, Co = 55 C1 B()_—W.
0 s
@ Separating scales s ~ %M,,o s fbh ~ M
L Cylun) = 0+ 003 (un).  ~Op(is) = 0+ O(a(15))
dun g\Hh) = s\th))s s glls) = ag(ps)) -

@ (0pp o x(Myp, My, Msusy, fis, 11n) = 00 C5(Mr, Msusy, 1ta)E(Mpo, f1s) -
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Calculating Cross Section

@ Scale invariance: f; (Ci(#)O01(n)) =0+ 0O(ad), 45 Ci(u) #0.
@ Use scale invariant Cy and Oy [Chetyrkin, Kniehl, Steinhauser 97]:

1 7235)
_p6 _ 5 _
0y =BOOy, Co = 55 C1 B()_—W.
0 s
@ Separating scales s ~ %Mho s fbh ~ M
L Cylun) = 0+ 003 (un).  ~Op(is) = 0+ O(a(15))
duhgﬂh— s\th))s d,us gl\ls) = s\Ms)) -

@ (0pp o x(Myp, My, Msusy, fis, 11n) = 00 C5(Mr, Msusy, 1ta)E(Mpo, f1s) -

@ Keep hard scale p, fixed, vary soft scale ;.5 possible.
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