SUSY Higgs
Cross sections

Robert Harlander
Bergische Universitat VWuppertal

SUSY 2014 (Manchester, UK)

supported by

Deutsche % Bundesministerium palbee

_ fur Bildung
Forschungsgemeinschaft und Forschung
DFG

Helmholtz Alliance

Thursday, July 24, 2014



10

o(pp — H+X) [pb]

10"

1072

|

Lyl lllllll

[ IIIIIII

sl lllllll

\s= 8 TeV

1 |

lllllllll 1 111
LHC HIGGS XS WG 2014

| Illllll

2]"

1

Qo
o

200 300 400 500

L
100

1000 9

M, [GeV]

- ] |

Thursday, July 24, 2014



SUSY effects

Thursday, July 24, 2014



SUSY effects

* rescaling of couplings

Thursday, July 24, 2014



10

o(pp — H+X) [pb]

10"

1072

|

Lyl lllllll

[ IIIIIII

sl lllllll

\s= 8 TeV

1 |

lllllllll 1 111
LHC HIGGS XS WG 2014

| Illllll

2]"

1

Qo
o

200 300 400 500

L
100

1000 9

M, [GeV]

- ] |

Thursday, July 24, 2014



4 )
—— t L, sin(B-a) + cos(B-a) / tanP
"g. :\ ===H sin(B-o)/ tanP + cos(B—) L
;_-f 10 A / tanf3
T . 8 ) --- H
1 £ - .
8 s —
] :
| I 1 9
107 =
102 E 2
80 100 200 300 400 500 1000 9 W2
My [GeV]
] | g
q " H

Thursday, July 24, 2014



- )
S— t h sin(B—o) + cos(P—&) / tanf3
T e === H sin(B-0) / anp + cos(B-a) L
;-'E‘ 10 A | /tanB
T - 9 . o H
1 E . - |
Q. 1k h
g 15 W,2
| b L h sin(B-a) G
107 H  cos(B-a)
E J
102 ER
M 1 1 1 1 1 1 1 :
80 100 200 300 400 500 1000 4 W
M, [GeV]
- : N
] o

Thursday, July 24, 2014



g \
— t h sin(B—) + cos(B—&) / tanP
R S R
g 10f A\ | / tanf ¢ == H
L . N\ ’
t | - —~ —
= : w2
| b __h sin(f—x)
10° g_. U2 } H cos(B-a)
. - = ~ = N =
L h sin(B—o) + cos(P—&) - tanf -
===H sin(B-®) - tanB + cos(B-&) [ ""7500 4
| A tnB
.

Thursday, July 24, 2014



SUSY effects

* rescaling of couplings

Thursday, July 24, 2014



SUSY effects

* rescaling of couplings
* new Higgs bosons

Thursday, July 24, 2014



Light H*

60

tan

50

Ns=7TeV L=2.3-49fb"

- t—=HDb,H — v
T, +jets, er,, ut,, and eu final states

- MSSMm™

- —i— Observed
— — — Observed 1o (th.)

B Excluded
~ ____ Allowed by

_llllllllllllll||l|l|lllll|l|"l

i |
1/

e

WG 2013

L
e

LHC HIGGS

m,, = 125.9:3.0 GeV /

. 40 | s Expected median = 1o ,
------- Expected median = 20 /j

2 FeynHiggs 2.9.4 /

“H" 30

Derived from / 2
CMS HIG-12-052 7,

AR

t 20

T2 TR0 T 0 ) S R Tl A

N
1 O Min Bit—H'b)xB(H" —1v) \

/

llllllllllllllllllllll

o0 110 120 130 140

150 160
m_. (GeV)

Thursday, July 24, 2014



Heavy H*
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SUSY particle effects:

in radiative corrections: .. _50-30%
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SUSY particle effects:

at leading order:

can interfere distructively (gluophobic Higgs)

(See Iater) Djouadi ’98
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“New” production modes:
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“New” production modes:

SusHi (ggH + 5FS bbH)
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“New” production modes:
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SUSY particle effects:
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SUSY particle effects:
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SUSY effects

* rescaling of couplings
* new Higgs bosons
e SUSY particle effects

* in radiative corrections
* at leading order

* New production modes
* Effects due to new Higgs bosons
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Effects due to new Higgs bosons:

QCD effects under very good control
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Effects due to new Higgs bosons:
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... while talking of Higgs Strahlung:
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at NLO:
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consider ratio: OwnH/O7H

e very weak dependence on PDFs

* very weak dependence on s
* reduced experimental uncertainties
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consider ratio:

OwH/OzH

e very weak dependence on PDFs
* very weak dependence on s

* reduced experimental uncertainties
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SUSY particle effects:

at leading order:

can interfere distructively (gluophobic Higgs)
Djouadi '98
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Gluon fusion
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Gluon fusion

---¢ ---¢ exact through NLO

LHC Higgs XS WG, YR2 (2012):

gMSSM 2 glk\fSSM 2 gMSsM glg/ISSM
MM (gg — ¢) = ( sy ) att(gg%¢)+< ey ) obb(gg — ¢) + T oth(88 — ¢),
{ b 1 b

no SUSY particles in loops!

Thursday, July 24, 2014



Gluon fusion

---¢ ---¢ exact through NLO

LHC Higgs XS WG, YR2 (2012):

gMSSM 2 glk\fSSM 2 gMSsM glg/ISSM
MM (gg — ¢) = ( sy ) att(gg%¢)+< ey ) obb(gg — ¢) + T oth(88 — ¢),
{ b 1 b

no SUSY particles in loops!

Thursday, July 24, 2014



Gluon fusion

---¢ ---¢ exact through NLO

LHC Higgs XS WG, YR2 (2012):
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Gluon fusion

£ b
---¢ ---¢ exact through NLO

LHC Higgs XSWG, YR2 (2012):
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Gluon fusion
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---¢ ---¢ exact through NLO

LHC Higgs XSWG, YR2 (2012):
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based on SusHi

* gluon fusion, including

* NLO SQCD

* tanf3 resummation
* approximate NNLO SQCD
* approximate EWV

* bbh annihilation (5FS), including
* NNLO QCD

* tanf resummation

® cross sections for viable MSSM scenarios
Carena, Heinemeyer, Stal, VWagner, Weiglein ’ | 3
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Uncertainties:

Thursday, July 24, 2014



Uncertainties:

* renormalization/factorization scale

* PDFE s
— SM-like
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Uncertainties:

* renormalization/factorization scale

* PDFE s
— SM-like
additionally:
b
-4

* “usual” scale choice: P=Mn
* amplitude contains logarithms In(my/mn)

* partly cancelled by p=my or mpy=my(pole) in Yukawa coupling

Spira, Djouadi, Graudenz, Zerwas 95
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Uncertainties:

* renormalization/factorization scale

* PDFE s
— SM-like
additionally:
b
-4

* “usual” scale choice: P=Mn
* amplitude contains logarithms In(my/mn)

* partly cancelled by p=my or mpy=my(pole) in Yukawa coupling

Spira, Djouadi, Graudenz, Zerwas 95

numerical effect my(Mu) vs. mp(pole) huge!
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Open issues in gluon fusion:

* NNLO (S)QCD only valid for heavy-top limit:
what about My>350 GeV?

e SUSY EWV corrections only approximately known

* proper treatment of bottom Yukawa coupling

* bottom effects in pr distribution
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see also: Banfi, Monni, Zanderighi ' 4
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What | could not talk about:

* pure SM calculations

* double Higgs production

* transverse momentum in bbh
e SUSY effects in ggh pr
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Conclusions

* many SM results trivially applicable
* dedicated SUSY cross section predictions
require fast and flexible tools
=¥ SusHi for gluon fusion
* 4FS vs. 5FS (6FS??) may become very relevant
* next steps: differential quantities
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