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Charged MSSM Higgs Bosons:
LHC Reach and Parameter Dependence

Sven Heinemeyer, IFCA (Santander)
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Theory evaluation:

o(pp — tf) = 840 pb

oc(gh — HTt) : state-of-the-art
[T. Plehn '02] [E. Berger, T. Han, J. Jiang and T. Plehn '03]
+ Ay corrections

FeynHiggs (www.feynhiggs.de)
BR(t — Hib): Ay corrections included

BR(HE — 1ur, th, WEML ) A, corrections included

Fixed values for all other BRs
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e light charged Higgs (Mg+

< mg):

strong variation with u: Atangs~ 15

e heavy charged Higgs (My+ >

M)

strong variation with p: Atan 3 < 40

Results for the mﬂ"a}‘f scenario:

e Comparison with CMS PTDR:
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— light charged Higgs always worse (mostly due to Mg+, Ay)
— heavy charged Higgs: new results vary around PTDR (4A})

M, .GeV/c”



light charged Higgs heavy charged Higgs

T heory uncertainties . 17—
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1. Uncertainties on o(pp — tf) (for Mg+ < my)
— ~ 5% (now, or in the near future)

2. experimental uncertainties on my, affecting o(pp — tf)
— Ac/o ~ 5Am; P /my

combined error on o: ~ 6.5%

3. SM Uncertainties on o(pp — HT + X) (for Mg+ > my)
comparison of 4 and 5 flavor scheme: < 20%

4. Uncertainties beyond Ap(~ as... + az...)
= scale variation of as(Q) = effect on A, < 20%
(= smaller effects for u o Ay > 0, larger effects for u oc Ay < 0)



Constraints on charged Higgs bosons
in the CMSSM and NUHM models

Oscar Stal
Uppsala universitet
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= High tan [3 tail excluded by
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NUHM
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Allowed = L arge exclusion by flavor
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= Restrictive constraints already exist on charged Higgs bosons UNIVERSITET

in the CMSSM and NUHM models.

= In particular B-physics observables yield powerful constraints, although
the uncertainties from theory and experiment are still rather large.

* The region where indirect searches obtains the highest exclusion power is
where the largest cross sections are obtained for H* production at the LHC.

= Finding a charged Higgs early at the LHC points to non-minimal models.



Extensions, improvements:

= Alternative production of charged Higgs bosons in SUSY decay chains
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Cross-sections and Branching
Ratios for H* Searches

André Sopczak

For LHC startup H* cross-section and branching ratics
determined for specific ATLAS scenarios (—talk by M.Flechl)

Two MSSM benchmark scenarios (—talk by S.Heinemeyer).

Investigated mass points 90, 110, 120, 130, 150, 170, 200,
250, 400 and 600 GeV.

BR(t—H*b) similar for scenarios A and B.

Cross-sections differ slightly in the low-mass region between
scenarios A and B. For high-mass region: same values in
NLO gb—tH* calc. (Higher order corr.—talk by N.Kidonakis).

MSSM dependences on cross-sections included.
BR(H*—...) differences for large H* masses.

Their effect on the total cross-section in a simple

MSUGRA model is estimated to stay below+5% for
tanB=30 and below £20% for tan3=50. In the MSSM
the cross-section can be reduced by a factor 2.



Systematic Uncertainties
related to NLO gb—tH™ cross-section
[Berger, Han, Jiang, Plehn PRev D67 (2003) 014018]:

one-loop contributions o C o = (¢ e
largely improve the :
theoretical uncertainty CELS

of the leading order y ] a Pt X) I

(LO) cross-section.
NLO: determine cross-
section uncertainty from ©4 -
dependence on the o2 B
renormalization and the [ Mpmmg
factorization scale: 20% 0 : 10

LG _—
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FeynHiggs v2.6.2:
BR(H*—1v,cs,tb) and BR(t—H"*b):

a) non-calculated loop corrections to tbH* vertex
b) running masses of ¢c and s quarks
Estimates: 150 GeV Py
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Charged Higgs effects on top spin correlations

David Eriksson

Parton level correlations
Best case
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Parton level correlations

Azimuthal correlations

@ Numerically D' = 0.9D at LHC
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Charged Higgs decays to 7+ v, and 7 to X + i,
Center of mass frame not know
Use hadronic W+ and 7+ to get transverse rest frame
Use azimuthal angles and the correlation
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e /™ most efficient particle in SM
el Hadron level correlations @ b and Ht most efficient particles in
UMNIVERSITET ZHDM (”)
@ Strong dependence on tan /3
e Full 2 — 6 ME with MadGraph/MadEvent e /T also depend on my-+

pp— (tT) = (bH*/WrbW~)—brtu, bud

e 71 decay with Tauola
@ Parton shower, hadronization and underlying event with Pythia
@ ky jet finding in |n| < 5 with dgy, = 20 GeV
e “Flavor tag" AR(jet, truth) < 0.4 in || < 2.5
o W candidate |my — my+ | < 10 GeV, t candidate |myp, — me| < 15 GeV
@ No background or detector effects
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Charged Higgs in top decays alter angular distributions
In 2HDM(Il) b quark is the most efficient analyzer

@
=
e Charged Higgs decays to 7 and neutrinos so full reconstruction not possible
e Correlations with azimuthal angles can be constructed, D’

o

Realistic hadron-level correlations are small in both SM and 2HDM(I1)



Elias Coniavitis

Charged Higgs Bosons at the

Compact Linear Collider (CLIC)

— More precise knowledge of collision energy

- Cleaner environment - Focus on very high H+ masses
— Fewer backgrounds - Examine potential for parameter determination
. MSSM 28

. ¢ No ISR, no beamstrahlung
- H™ only decays to SM particles

— No SUSY backgrounds considered

o CLIC with ISR and beamstrahlung

cie'e — H+H') in
a

* Both dominant decay modes studied >
-H > th&H — 1w O
3 T .
* Two channels: ) S
S 2 e
-¢e —HH — tbtb .
e 1 * . )
—-e¢'e — HH — tbtv -

o
All results for integrated luminosity 500 1000 1500
of 3000 b (~4 years) m, in GeV




Discovery Potential

e For discovery, require S/NB>5 and S>10

- No systematics included
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* Discovery contour only slightly tanf3-dependent.

 Reaching masses above 1 TeV



S Measurement UPPSALA

M uremen o
o y* fit on H'H — tbtb (+ background) sample to
determine H® mass (and thereby m, )
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.Tﬂﬁ%ﬁlﬂ Mg__h_mnudi Superlso program and flavor data constraints

A public C—program for calculating different observables in supersymmetry

@ Automatic calculation in mSUGRA, NUHM, AMSE and GMSRB scenarios

@ Compatible with the SUSY Les Houches Accord Format (SLHA2)
@ Interfaced with Softsusy and Isajet for automatic spectrum calculation
@ Modular program, with a well-defined structure

@ Complete updated reference manual available

Observables:

I VA N J

1. Isospin asymmetry of B — K™~ at NLO
2. Inclusive branching ratio of B — X~ at NNLO

3. Branching ratio of B — u ™
& s 5. Branching ratio of B — Drv

4. B hi tioof B— 7 : -
ranching ratio o v 6. Branching ratio of K — uwv

7. Anomalous magnetic moment of muon a, = (g — 2)/2



AMSE SMSR NUHM mSUGRA
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Can be downloaded from:

http: / /www3.tsl.uu.se/~nazila/superisa/




mSUGRA NUHM
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Ongoing Developments

@ Extension to NMSSM
@ Implementation of the relic density calculation (with A. Arbey) v
@ Extension to NMFV

@ Implementation of other observables



MadWeight
automatic event reweighting with matrix elements

Olivier Mattelaer

Université Catholique de Louvain

® motivation : method to maximize the information that you can
extract from a sample of events : matrix element method

» test theoretical hypothesis
» need a good understanding of the detector

& we can extract mass, spin, cross section,...
» plan
o weighting experimental events

» MadWeight : automatic computation of the weights



® | M, |? is the squared matrix element

® 1V (x, y) is the resolution function
# x . experimental measurements

How to evaluate the weight ? # Y partonic momenta

8 do(y) is the partonic phase-space measure

® fi(w), fa(wy) are the Parton Distribution Functions

$» matrix element method : weighting events
1

Plx,a) = — /d-f;i:-{y)d'u.-‘1dﬂ-’zf1 (wy) fo(ws)
r

® fransfer functions : experimental extraction

M, (y)W(x, y)

®» numerical integration : very difficult due to the structure in peaks
of the integrand

M, (y)|* : propagators

1 _ I.“mi—_t.-i‘.l"}
'..'!u-:ri.E




Charged Higgs : Discriminant

® Mpy+ = 100GeV

N Discriminant

# 750 background events
H 262 signal events

® the Matrix Element method provides the best discriminator on an

event-by-event basis
# both theoritical (
is used

M ?) and experimental (z, W (x, 7)) information

#» the computation of the weights requires a specific phase space

generator : MadWeight



