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Chapter 2: Supersymmetry

2.3 SUSY searches/measurements at experiments
- past and running experiments
- LHC / future linear collider

2.4 Searches for MSSM Higgs bosons
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Direct Searches for Sleptons at LEP

e Clear domain of LEP are e ) s e'—p— p—72"
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Direct Searches for Charginos at LEP
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LEP Constraints In the cMSSM

Limits on mass of LSP in the cMSSM
with LEP Combined Results
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Direct Searches for Squarks/Gluinos at Tevatron

£
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e Clear domain of Tevatron
as hadron machine are
Squark and gluino searches
(p anti-p, E,,,~ 2 TeV)

- Squarks and gluinos
excluded up to masses of
~ 300-400 GeV

Similar to searches at LHC |
Main differences:

- LHC is pp collider
- gluon processes dominate!

- E(LHC) = 14 TeV !!!
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Trilepton Searches

N=Y
L

at Tevatron (“Golden Mode™)

e.g. select 2 electrons + additional track (£)
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Very clean signature:
= 3 isolated leptons
* P due to undetected ¥ and v

Challenge:

* low cross section:
o X Br < 0.5 pb

» very soft 3™ lepton pr
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SUSY Searches

at the LHC
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Reminder: SUSY Production and Cross Sections
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- Production of gluons and squarks dominates at LHC
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Reminder: SUSY Decay Cascades

e Long, complex decay chains (at the end: SM particles and LSP’s)

e Two SUSY decay chains per event Example: |
(pair production due to R)) ’il &luino production

e Missing energy from LSP’s

q - 3 isolated leptons
* . -6 jets
g -2 b-guark jets

= E‘I‘,rn.'ms

"
L1
« WD
L]
EY
LY
L
L]

wQl

Huge combinatorial background

from second SUSY decay in event
- “dominant background to SUSY
is SUSY itself” q

Typical final states: jets + E{™iss (+ leptons)
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Strategy for SUSY Searches at the LHC

e Step 1: Discovery A

- Look for deviations from the Standard Model

e Step 2: Mass scale

- Establish the approximate SUSY mass scale

_/
e Step 3: Measurements )

- Determine masses, branching fractions, etc.

e Step 4: Parameter studies

~

sAeda( 214109dS

- Study underlying theory / SUSY model ,

QAISN|DU]
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Discovering SUSY with Jets

SIGNAL topology

e Select high P, jets Large
- Large signal cross-section cross-section
- Large control statistics

e Relatively "model independent”
- Does not rely on leptonic cascades
- Does not rely on hadronic cascades

BACKGROUND
topology (QCD)
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Suppressing QCD Background
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Sources of Missing Energy

It 1s not so easy to “‘measure” the missing energy, due to difficult

limitations 1n our instruments.

What are the sources of MET?

» calorimeter resolution on the jet energies
* Josses of energy in uninstrumented regions (“cracks™)
additional energy unrelated to the primary interaction

* neutrinos and also long-lived neutral kaons plus neutrons
real LSP's, we hope....

MET wnrelafted
; ENErgy
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Experimental Challenge: E;™'ss

e Lesson learned from the Tevatron experiments:

| Missing ET in MHT30 skim |
W S
EI 0 MET includes cells with E=>0 (no CH)
& B Mo comection
] Badrnns were removed
1[}4 [[] Moisy events were removed
|:| Bad cellsftowers wera removed
10°
10
¥} 50 100 150 200 250 300 350
Missing ET, GeV
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ALY
AL

Simulated event in detector
showing fake missing energy
(jet leakage into muon system)
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Estimating Backgrounds from Data

e Example: Z background in SUSY
with jets search m

N
- Missing energy + jets from H v \\ SV
Z% decays to neutrinos - 7\\\
- Measure in Z 2 upu
- Remove muons from event Measure in Use in
- Use for Z 2> wv Z =2 uu L >V

| Missing ET (Alpgen v2.05) |
I o _
‘ Z—>vv e Check: Compare both distributions
e Estimated based on Monte Carlo simulation
e If good match - useful technique

fop _1_1 e Statistics limited

The | - Use W = puv in addition?

- |ATLAS "ia" 1

Experiment”
60600 500400500600 700 6005001000
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Inclusive Searches: Effective Mass & Mass Scale

+ Select: > 4 jets, ETmiss Look at multi-jet and E™iss

* Reconstruct effective mass final states
4
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10 fb-1, m(squark) = 1 TeV
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+ jet+E{™ss final states are the key for SUSY discovery

» These searches are quite model-independent
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LHC Reach for SUSY Masses

Multijet + E;™'ss Signature
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The Case of Charged Leptons

- Charged leptons are a clean signatures in the hadronic
environment at the LCH

- But: Branching fraction of neutralinos, charginos into charged
leptons smaller than into quarks
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Example: 10 fb-1, m(squark) = 1 TeV
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- jet+E;Miss final states are the key for SUSY discovery
» Signal/bkg ratio can be improved by identifying leptons in the decay, e.g.

- SUSY
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LHC Reach for SUSY Masses
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What Might We Know Then?
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What Might We Know Then?

Maybe not what we think!
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What Might We Know Then?

e "Discovered supersymmetry?”

e Can say, e.qg.,
- Undetected particles produced
from missing energy

- Some particles have mass ~ 600 GeV,
with couplings similar to QCD

from M & cross-section

- Some of the particles are colored
from observation of jets

- Some particles contain lepton quantum numbers
from opposite-sign, same-family leptons

- Lepton flavour ~ conserved in first two generations
from e vs x4 numbers

- Now need to study exclusive decay chains in detail !
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Establishing SUSY Experimentally

Assume an excess seen in Inclusive analyses: how does one verify wheteher it is

actually SUSY? Need to demonstrate that:
¢ Every particle has a superpartner

e Their spin differ by 1/2

¢ Their couplings are identical

e Mass relations predicted by SUSY hold

Available observables: e Sparticle masses, ® BR's of cascade decays, e production

cross-sections, @ angular decay distributions

Precise measurements of such observable not completely straightforward at the LHC:

develop a strategy based on detailed MC study of reasonable candidate models

J. Dingfelder u. M. Schumacher
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Measuring Model Parameters

The problem is the presence of a very complex spectroscopy due to long decay chains,
with crowded final states. Many concurrent signatures obscuring each other

General strategy:
e Choose signatures identifying well defined decay chains
e Extract constraints on masses, couplings, spin from decay kinematics/rates
e Try to match emerging pattern to tentative template models, SUSY or anything else

e Having adjusted template models to measurements, try to find additional signatures

to discnminate different options

In last ten years developed techniques for mass and spin measurements in complex
SUSY decay kinematics

Progress helped by close collaboration with theory colleagues

Focus today on explaining most promising techniques for mass and spin measurements
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Determining SUSY Masses

Reconstruction of decay chains
MNeed to take imobserved LSPs into account
Need to identify specific decay chain
[SUSY is background to SUSY]

b I AL AL L B (R AL AL R LA

§ G000 — —
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400 —

\ " LHC -
Example for approach Point 4

Consider decay ) — Xy €€ - j\ zp&ak

But: contribution j{; — fl -

Endpoint in £ £ invariant mass S — T ,-..,-.|I"L. 2 .,J‘+l'||‘|-.-. |l

determines mass difference ’)(u ‘J(G 0 50 100 150 200
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Determining SUSY Masses

e Reconstruct SUSY masses in
decay chain, e.g. %o r

e Cannot reconstruct masses e

'''''

directly due to undetected LSP 7.

e Study invariant masses for different
combinations of particles in decay chain, e.q. X

my = m{}”axw(l — C0s0)/2

angle between leptons
003y, is maximal when leptons are

back-to-back in slepton rest frame

0.02

9g
—lo ¢ :
ot 1 Enpoint of inv. mass spectrum:
: 7 max\2 _ (.2 .2 > .2 2
O: R R R B SR B B A (m” ) o (mig mfR) (m?R mfé?) /mz‘R

L | L
0 10 20 30 40 50 60 70 80 90 100
my [GeV]
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Determining SUSY Masses

2 2 2 2 3
—— {ﬂrfﬁb — f'.ffﬂj(ﬂffﬂ — {MrER} y ok CMS
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qq 10fF
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Mass Determinations: Overview

Try
5 _ X various
-~y L. decay
q /\‘\’ ! chains
q ]
w
EE 40
o
—
, g o
@
Look for 20

sensitive variables
(inv. masses, many of them)
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Another Example: Studying Spins of Sparticles

e Basic recipe:
- Produce polarized particle
- Look at angular distributions in its decay
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Revisiting Typical Particle Spectrum

Left Squarks

- strongly interacting
- large production

- = chiral couplings

Xzo = neutralino 2

- (mostly) partner
of SM Wo¢

Right slepton

(selectron or smuon)

—> Decay produces lepton
<" | > chiral couplings

| %4° = neutralino
L 9 Stable Mt im mmmmmame i mmEmmemE st mmmmmmm s m e
- weakly interacting

. Some sparticles omitted
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Spin Projection Factors

Chiral coupling

Approximate SM particles as massless
-> okay since m « p
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Spin Projection Factors

Produces polarized
neutralino

Approximate SM particles as massless
-> okay since m « p
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Spin Projection Factors

Fermion |+ (nean)
R

~ d. / = /;/5
% "<~o |; \ /

Ao %, N
/ IR \
Polarized Scalar
fermion

Approximate SM particles as massless
-> okay since m « p

J. Dingfelder u. M. Schumacher Higgs-Physik und BSM-Phaneomenologie Uni. Freiburg / SoSe09



Spin Projection Factors

mqe - mCClSLIr'e
invariant mass

qlf""< |+
>0 R a

Z 2 ‘\ I + (near)
R

g .
R 0 /;/5
\ /

Approximate SM particles as massless
-> okay since m « p
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Lepton(near)-Quark Invariant Mass

S

-+

quark 5

8

o* o
lepton a

Invariant mass

Phase space -> factor of sin 16*
Spin projection factor in |[M|2:
{*q -> sin® 16*
{-q -> cos?® 6%
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Phase space
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Back to back
in 4,2 frame

[+

04 06 08 1
m/ M. = Sin 6%
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After Detector Simulation

&
b

i v H
) - - | v ¢ i _ * -
£ 6000 [ f '..v.i:' 0.15 | parton-level * 0.6 |
Q i oy > +
> i £
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[ m ‘:. (w] | ++*+‘ . 0
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3 (0] | 5, ettt
2000 " S 0.05 [T, ¢ #he D
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0]||||||||||||||||||||||| _.15||||||||||||||||||||||||
0 100 200 300 400 500 0 100 200 300 400 500
m,, / GeV m, / GeV

- Charge asymmetry survives detector simulation
- Same shape as parton level (but smeared)
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Distinguishing between New-Physics Models

For qf-! Universal For q£+:
Extra Dim.

r-a

3t Universal
Extra Dim.

[y
L

[y

[ ]
L

dP/dSin (6*/2)

dP/dSin (8*/2)

0.z 0.4 1 0.8 1

0.2 0.4 0.k 0.8 1

sin (8%/2) sin (6*/2)

As expected, we can show that SUSY differs from
e all-scalar (no-spin)
e Extra Dimensions

Smillie et al.
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Now what — do we know the underlying Model?

800
m [GeV]
0L SUSY test point 01 =
600 | § i : fl?t‘us point
) ty - region
t}L!%R 52 _
uR, d, ; ]
By o by ; )
3 rapid annihilation
_ i my, b—sy funnel
+ ot T
400 L g0 A° — H 50 - i, b= 3 ~\=\ >
% E
300 L E ' \2
7 1 g_/\‘\‘ co—annihilation region
200 | [ ————T2 E ':
| =0 o= 3 |
X X 4.
I - ! 4* ] bulk .
0 1 E region 9
100 L h & ; : Charged LSP
0

my,
Measure full SUSY spectrum - obtain theory parameters

LHC: This will (most likely) not be possible! Discovery (Hadron) Machine
ILC : Precision measurements of electroweakly interactiong sparticles
- we absolutely need a new high-energy e+e- collider after LHC

J. Dingfelder u. M. Schumacher Higgs-Physik und BSM-Phaneomenologie Uni. Freiburg / SoSe09



LHC-1LC Complementarity

Number of observable SUSY particles:

mmm gluino SQUArks mmm sleptons x“’i H
: [HC
0 E o
EE 7 2N | T ™ .
k F M E 101'-.-' 0 i
: : o RREEEE |8 -
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” 40 ¢
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LHC+ILC: Physics at the GUT Scale

After Discovery: Extrapolation of SUSY Masses to high energies
>Testing GUT ?

- LHC -
1 LHC + ILC

400 400

0D D
>
=
=
200 200
100 100
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The MSSM

Higgs Sector
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Reminder: Higgs Mechanism in Standard Model
The ,Standard™-Solution:

V(o) Doublet of 4 scalar fields with

appropiately choosen potential:
V= -p2 ool + A |¢*9[2  p2,a>0

z /: iz minimum not at ¢=0

2

- spontaneous symmetry breaking
Higgs field has two components:
1) omnipresent, homogeneous background field v= 247 GeV

2) Higgs-Boson H with unknown mass M, ~ VA v

e i w* wt w*
H restores unitarity in v NNANNANNANNS
WW scattering if '
Gaww ~ My | T H o .. H
s ~ My :
and M not too large _ . WYOINNNANNANL
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Electroweak Symmetry Breaking in the MSSM

There are two complex Higgs scalar doublets, (H,", Hy) and (H3, H ), rather
than one in the Standard Model. The classical scalar potential is:
Vo= (Il +mi,)(HI + | HI ) + () + me,) ((Ha + [H )
+b(HXH; — HHY) + cc.
+5(0" +d*)(|Ha* + |HI|* - |Hal* — |HZ |)*
+ig®|HIHG" + HoHG |

The |pt|* parts come from the F-terms. The g and g'# parts come from the
D-terms. The other terms come from the soft SUSY-breaking Lagrangian.

We must now minimize this potential, and show that it is compatible with the
known electroweak symmetry breaking.

First, the freedom to do SU(2) . gauge transformations allows us to take
H ;" = 0 at the minimum without loss of generality. Then one can show that
AV /OH = 0 also requires H; = 0. So, at the minimum of the potential,
U(1)gm will be unbroken, as required. We are left with. ..
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Electroweak Symmetry Breaking in the MSSM

Vo= (Ju|* +mi ) Hol® + (|u)? +mi, )| Ha|* — (bHJHZ +cc)
+1(® + ¢V (|H)? — |H3 [}

A redefinition of the phase of H E can absorb any phase in b, so take it real and
positive. This implies that at the minimum, H E H g Is also real and positive, so

H E and H g have opposite phases. Since they have opposite weak hypercharges
{:I:%]? a U(1)y gauge rotation can make them both real and positive at the
minimum, without loss of generality.

Must require that HY = H? = 0 is not the minimum. Then:
b% > (|u|* + mi, )(|ul* +m,).

Also, we need the potential to be bounded from below. This requires:

2b < 2|u|? —I—mivu + mEHd.

If these conditions are met, typically with i-‘nfqu < 0 in realistic models, then
spontaneous electroweak breaking SU(2)r x U(1)y — U(1)gn occurs.
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Reminder: RGE’s

1200

—_

o

o

o
|

o
o
o

masses [GeV]

600

400

200
m

0III|IIEI|III|III|III|III|III|III|III|
o 2,4 6 8 10 12 14 16 18

/ log, ,(Q/GeV)

RGE drive m 2 (=m,?) negative due to large top Yukawa coupling
- triggers EWSB
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Electroweak Symmetry Breaking in the MSSM

The resulting Higgs VEVs can be parameterized:

Uy = {HE}, Ug = {Hﬂ}, where
vE 4 vs =t = Eng,’{gz + gm] ~ (174 GEV]E
tan 3 = vy /v4.

The conditions for a minimum, from 8V /8H? = V /8H§ = 0, are:

|u|* +mir, = beot B+ (m3/2) cos2p
M —I—m}rﬂ—d = btan 8 — (m%/2) cos 23

These allow us to eliminate two parameters in favor of m_%_,: and tan (3.

The quark and lepton masses are related to these VEVs by:

My M M. t
— . e — Yr = efc.
vsin 3’ veos 3’ veos 3’

If we want the Yukawa couplings to avoid getting non-perturbatively large up fo
very high scales, we must have:

1.5 £ tan3 < 55
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The “p Problem”

Solve for outputs mz and tan (3, using Lagrangian parameters as inputs:

tan3 = fr—l—\/i

m
my = T g,

v 1—1/r2

2 2 2
| — Mg, — Mg

where

r=(2pl* +my, +miy,)/2b.

Without miraculous cancellations, we expect that all of the u{mass]2 parameters
appearing in these equations should be within an order of magnitude of mzz
However, Lt i1s a SUSY-respecting parameter appearing in the superpotential,
while m?{u, m?{d and b are SUSY.breaking parameters. Why should they be

comparable in size?
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The Higgs Bosons in the MSSM

Define mass-eigenstate Higgs bosons: RO HY A @ gt ot vy
(EE) (-a_ru) L2 ( cos o smj (H ) - ( sin 3 msﬁ) (G”)
- vy v2Z\—sina cos —cosd =In A"
(;Ii) ( smnfB  cos/f (jJr) CP even CP odd
d—:

—cos 3 sing
Mow, expand the potential to second order in these fields to obtain the masses:

m%, = 2b/ sin 23

2 — 1 2 2 2 232 y 2
Mpo go = f(m_‘in +m3:|:\/{m_‘ln+mzj — dmizm3 , cos 2,'3),

2 2 2
Mg+ = Myo + Miy

a 2
The mixing angle o obeys tan 20 = (%%;—) tan 2/3, and is fraditionally
Al

chosen to be negative. The Goldstone bosons have moo = mgo+ = 0; they are
absorbed by the Z, W= bosons to give them masses, as in the Standard Model.
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Radiative Corrections to Higgs Mass in SUSY

At tree-level: mzz pure electroweak
Atoneloop:  yZm? top Yukawa comes In
Attwoloop:  asysm: SUSYQCD comes in

At three-loop: crgyfmf

At a future International Linear Collider, one might be able to measure 1140 to
within 50 MeV or better. This will require three-loop calculations to match theory
to expenmentl
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The Decoupling Limit

If m 40 2 mgz, then:

¢ hY has the same couplings as would a Standard Model Higgs boson of the

S4Me Mass

e AY, HY H¥ form an isospin doublet, and are much heavier than h°

. . H*
|sospin doublet Higgs bosons = o "
i
Mass
SM-like Higgs boson hY

Many models of SUSY breaking approximate this decoupling limit.
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MSSM Higgs Bosons Phenomenology

® Modified couplings gussy = & 9eu

& t b/t W/Z
h | cosasing | -sinatosp sin(a-p)
H | sinasing cosa/cosp cos(a—p)
A cotp tang | @ -----

= no coupling of A to W/Z
= small o ©» small BR(h>1t,bb)
= large B > large BR(h,H,A>zt,bb)

o = mixing btw. CP-even neutral Higgs bosons

B Higgs boson mass pattern

500

300

200

150

100

My [GeV]
= V6Mg

X

100

150 200
M, [GeV]
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300 500

® New production mode: b(b)Higgs

1000

BN A  o(pp — Pbb) [pD]
[\ V5 = 14 TeV

100 £ S =

10 H™ E

?ﬁh(ﬂiﬁj
MRST
tan 3 = 30

1 | | | | | | . %
100 130 200 300 500 70O 1000
Mg [GeV]
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Constraints on the Higgs Sector

® MSSM bounds

M, = 175+5 GaV

p = —200 GeV
rl Al |

Mgper = My = 1 TeV 4

Constrained MSSM:
M, < 133 GeV for m=175 GeV, Mg 5,=1TeV

General MSSM:
1 M, <150GeV

1 2 g 10 &0

G0

® EW precision data, dark matter density, a , b 2 sy in cMSSM(mSUGRA)

2] i
;;f -
s CMSSM
3=
25
2
15
s
0.52— Theoretically
c inaccessible
0_|||||||| PRI RN TR SRR |

% 100 110 120 130 140
my, [GeV/c?]

] 4
;; C
sl
3F
25F

2

my oM = 11075, (exp.) 3 (theo.) GeV/c?

precision from dark matter,
CAMSSM a,, b > sy constraints

100 200
Miigas [GeV /]
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Constraints on the Higgs sector: Direct searches

oy — < 10 F T T T T T
= s ]
11111—1nax

10
1 -
E d ]

1
0 200 400 ] 165 170 175 180 185
m, (GeV/cT) m,
mp'?*, u = +200 GeV

o 100 &
= E
S E
m TEVATRON: E

largest sensitivity at large tan B
via bbH, H>11

m

e
Tn
®m
0O =
-, <
D m
Qo
33
- o

100 120 140 160 180 200 220 240

M, (GeV)
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Benchmark Scenarios Studied at LHC

MHMAX scenario: maximal m,, < 133 GeV - conservative LEP exclusion

Nomixing scenario: small m,, < 116 GeV - difficult for LHC

Gluophobic scenario Small a scenario
small g, guon My < 119 GeV small g, and g,,; m, <123 GeV
— T T T T T T T[T S 10 % L I B B L L R
1 a‘% : tan(3 = 40 MHMAX scenario A
MHMAX scenario ? 10 5“"""::.: Gluophobic scenario3
. tanB =3 ]
] 1k =
Gluophobic scenario ]
10'1;— E
tanfB = 10 E F
) S ISR U U N S WU B w'z—.|.|.|.|.|.|.|.|.
50 100 150 200 250 300 350 400 450 500 S0 100 150 200 250 300 350 400 450 500
M, (GeV) M, (GeV)
theo. aim: harm discovery via theo. aim: harm discovery via
99> h, h>gg and h>ZZ>4 | VBF, h>tt tth, h->bb

= mainly influence masses and couplings of h
= phenomenology of heavy states very similar

J. Dingfelder u. M. Schumacher Higgs-Physik und BSM-Phaneomenologie Uni. Freiburg / SoSe09



Higgs Production at LHC

Vector-Boson Fusion
Gluon Fusion (VBF)

HO
q
¥ Wz W,z
G A
Associated production Higgs Strahlung

with t (or b)
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h/H in Vector-Boson Fusion (30 fb1)

MHMAX scenario

=
tanp

g wHVY

MHMAX _ =
Nomixing ~  -------- _
Gluophobic ~ ==ce==- _
Small o~ eeeeereeeeeee 3

N
E ! exclud
L o . L L b s b Ly o]
50 75 100 125 150 175 200 225 250 275 300

M, (GeV) CYBERH—STT
100 200 300 400 500 600 700 800 900 1000
M, (GeV)

= Studied for M;>110 GeV at low lumi running
= Same conclusion in other benchmark scenarios
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Light Higgs Boson h (30 fb-1)

Observable channels: VBF with h>puw/WW , bbh with h->uu , tth with h=>bb

MHMAX scenario

tanp
g &

VBF: h — 11
bbh: h — pp

]

=

1= a n on NOO
T T T

(5]

o

100 200 300

et s

S00 600 700 800 900 1000
M, (GeV)

No mixing scenario

tanf
g 5

YBF: h — 11
bbh: h — pp

]

=

W B o oI ROO

B

o

100 200 300 400 500 600 700 800 900 1000

M, (GeV)

S

---------------------
e

M, (GeV)

" «*° MHMAX scenarlo
A Gluophobic scenario

] L 1 1 ] 1 1 L |

------------
-
- -
a®

tan3
& 5

8

=

W EoNL B R LT

(%]

different m, for same (tanf,

Gluophobic scenario

VBF:h —> 11
&Y
\_ bbh: h — pu

/!

A\

1 1
100 200 300 400 500 600 700 8OO

900 1000
M, (GeV)

Differences mainly due to

M,) point

(up to 17 GeV difference)

100 150 200 250 300 350
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Light Higgs

h in Small-a Scenario (30 fb-1)

J. Dingfelder u. M. Schumacher

2] s Hole due to reduced branching ratio for H > tt
Tw m Preliminary
N small o scenario, tan( =40
= I T " 1T 1 T 171"
bbh: h — pp g E bb
K VBF: h — 11 !
E 10'15_ E
Z excluded by OPAL
: 107} E
tth: h — bb
100 200 300 400 500 600 700 WNIA%E‘:?OO 10 _3_ I l I l J | | | l | I | I l J | J
50 100 150 200 250 300 350 400 450 S00
Small « scenario MA (GEV)
T o Preliminary
T h — vy
» Bl Covered by enhanced BR to gauge bosons
g h— 77— 4lep. Complementarity of search channels
S almost guarantees observability of h
3 excluded by OPAL
100 200 300 400 500 600 700 SDDNIA‘?(.;E‘;()JDO
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Light Higgs h (300 fb-1, VBF only 30 fb!)

MHMAX scenario Preliminary Gluophobic scenario

tan3
g &

tan[
g &

Preliminary

h — ZZ — 4 leptons el 3 el = {1

bbh: h — up

8
8

excluded by OPAL

jun

[ O - 1]
T T
s

) = oo -l moo
T T T T

|

] s < -
i
i

2 ¥ : . s . 2k
tth: h — bb
) excluded by LEP (prel.) \
NN N Fr |
! 100 200 300 400 500 600 700 800 900 1000 ! 100 200 300 400 500 600 700 800 900 1000

M, (GeV) M, (GeV)

Also h 2 vy, h > ZZ - 4 leptons (tth - bb) contribute

Large area covered by several channels
- discovery and parameter determination possible

Small area uncovered at m, = 90 to 100 GeV
h - yy sensitive in gluophobic scenario due to VBF, Wh, tth production
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Heavy Neutral Higgs Bosons H/Z7A

Most promising: bbH/A, H/A = tt, up

Nt &
b—Jet

1t > lep lep (both 1t decay leptonically)
1t 2 lep had (1 had., 1 lept. = decay)

1t = had had (2 hadronic t decays
b—Jet only for large M>450 GeV due to QCD bkg)

VT,

g

c ~ (tanp)?

Same bkgs as in VBF

Same H - 1t mass reco. and bkg estimate Reminder: VBE

But:
- no forward jets and no central-jet veto regaig jete < o e
- b-tagging instead of b-veto ¢ ><@

0
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Excursion: Identification of t Leptons

T+ - € Vels

e 7 decays:

15 — 1 (nn”)v,
T = 3 () vy

Calorimeter

Tracking Chamber

e Main dackground for hadronic T decays: ets from q,g scattering

J. Dingfelder u. M. Schumacher
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Heavy Neutral Higgs Bosons H/A

A5 T (L LA B I BRI N N |
% Hep leppg- - ATLAS - - lep had
O 40 BH = 3
N 355 Wz 3 2F HIA 2 1t
N CZ—pp E 3
Qo 30 [1Zsee 3 = my = 600 GeV
c 250 [Clttbar E F tanP = 30
Q E — 3 -
= 20F m,=130 GeV E
§ 155 tanf=20 E B
2 10 = ]
o 3 :
S 55 E :
E. . R .| =l = E
q) 50 100 150 200 250 300 o 0 .
M [GeV] Mo (GeV)
MHMAX scenario '
T
. reliminary
| bbh: A/H — pp 300 fb™ | e Goal: After a few years, reach
-1 -
u bbh: A/H— 1t30fb" mass resolution of a few %o
SF
H
of ! e Determine from signal rate:
5| H/A — tt, vy 0 0
4t H—)WW—)lvlv,hh—>wbb Oprod X BR(H /A — TT)
3} A—)Zh—)llbb

300 b

(&)

excluded by
LEP(prel.)

RN RN R RN R,
100 200 300 400 500 600 700 800 900 1000

M, (GeV)
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Charged Higgs Bosons H*

low mass: my,< m, high mass: m,.> m, Transverse Mass
. b Y1 2 180 O 1tSM
“‘.‘ g 160 z— 1 ttMSSM
‘ e, . > 10 [ (127.30)
O 120 |
~r C
R t b H =1 100 =
g Pt Brocnes é 30
gg - tt > H*bt gb > H=t jg -
20 ;—
o MHMAX Scjilano Hi - ’Ci \Y% 0 Um..2|5...;5|0...;|5..1.c|)6. 1;35 I15ﬂ 175 200
= L’ | ¥l (1;-' {. E_ miss
k= 1 .- jet, yGeV
w 30 | t > bW = bqg ! !
x 300 b’ -
gb — tH', H" — 1v
. | Backgrounds: tt, single t, W+jets, QCD
9
E tt— bH ' bW, H" > 1v, W Iv | tt production dominant background
tew. 1Y - 1 . s
s tt—bH bW, H — 1, W M Systematic uncertainties:
4 - 1 .
3 g 0t ] theo: 15% for tt cross section
. 0 :
; excludod by LEP (prel)] exp.: 15 to 40% for §|gnal and bkg
N (E scale, b-tagging, ...)
b zpept B0 T T - exctract bkg from data control sample
100 200 300 400 500 600 700 800 900 1000
M, (GeV)
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Charged Higgs Sensitivity iIn mhmax Scenario

5¢ discovery sensitivity 95% C.L. exclusion sensitivity
ﬁ[] T T T T T EU T T T
" CDF Run Il CDF Run Il
55_’ Excluded s i 257 Excluded
sol 95% cL cenario 5ol 95% CL i
45 45} -
40 40} -
35 351 -
o 5 oL
E 30 g 30 -
25 : 25 -
20 [ 30m™ : 20 -
- 1 -1
15 I 10 b ] .5 IELT ]
-1 1 -1
10 Scenario B B 1 10 = 10 ﬂ:'1
1 1fb
g ATLAS 3 Scenario B ATLAS
90 110 130 150 170 200 250 400 600 90 110 130 150 170 200 250 400 600
m, - [GeV] m, - [GeV]
Preliminary Preliminary

Most difficult region at intermediate tanp as coupling H*-tb smallest
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Charged Higgs Sensitivity iIn mhmax Scenario

5g discovery sensitivity
60

[ CDF Run |l
55_’ Excluded
50l 95% CL

mhmax/scenario

45
40

35

tanp

30
25
20

30
I 10 b~

15
-1
10 1
3 Scenario B ATLAS ]
90 110 130 150 170 200 250 400 600
m, [GeV]
Preliminary

95% C.L. exclusion sensitivity
60 T

CDF Run I
551 Excluded
I 95% CL

tanp

[ l3om™ |
B 10 "

[ KR

ATLAS |

90 110 130 150 170 200 250 400 600
m, [GeV]

Scenario B

Preliminary

Most difficult region at intermediate tanp as coupling H*-tb smallest

If statistical uncertainties from limited MC neglected - gap closed
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tan[3
g &

S

o

= n o <1000
T T LT
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Overall MSSM Higgs Discovery Potential

MHMAX scenario

X I IS
$¢’¢$¢§9’0’¢33‘0’¢'¢&“ -

z?
s

Ao
s

%
55

58

folel

e

only h

300 fb-1

excluded by
LEP (prel.)

100 200 300 400 500 600 TOO 800 900 1000

M, (GeV)

At least one Higgs boson observable
for whole parameters space

in all (CP-conserving) benchmark
scenarios

Significant area where only lightest
Higgs boson h is observable

Discrimination between h, H, A via

- investigation of properties of
observed Higgs

- observation in SUSY cascades or
H/A - SUSY decays

- Similar results in other benchmark scenarios
(VBF channels , H/A->z1t only shown for 30fb-1)
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SM or MSSM Higgs (i.e. Extended Higgs Sector) ?

Discrimination via VBF

__ BR(h=> WW)
R = BR(h-> 1)
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Compare expected measurement of R
in MSSM with SM prediction

MHMAX scenario 300 fb-1
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