HIGGS and SUSY in ATLAS

- Overview on physics prospects -

AILLAS

e Introduction, Detector Aspects
° Higgs Search
e Determination of Higgs Parameters

Higgs Search in the

— general SUSY signatures
— Study of SUGRA models
— Higgs in SUGRA
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The ATLAS Detector
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b-tagging performance:
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Muon resolution, stand alone toroid:
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Running Scenarios and Luminosities

starting date: ~ 2005 Vs =14 TeV

initial luminosity: £ = 1.0 1033 cm~2 sec™!

per year

= expected period of 3 years

high luminosity: £ = 1.0 103* cm~2 sec™!

per year

ultimate reach:

< 10 years




Simulation Framework

PYTHIA 5.7 Monte Carlo
SPYTHIA and ISAJET for SUSY studies

K factors not included

K-factors are not known for many background
processes,

conservative, as long as Kgignai/\/ KBackgr. > 1.

Higgs branching ratios: HDECAY program

CTEQ-2 structure function parametrizations

Many results based on fast detector simulation;

Critical parameters (mass resolutions, background
rejections) determined in

Detector performance has been varified in many test-
beam measurements with prototyp modules



Standard Model Higgs decays

200
M, [GeV]

Important channels at LHC:

o H — vy
o WH,ttH, H — ~~, H— bb
e H—Z Z® 1t~ 1+~ (*)

e H>W W* > ltv i v

e H— 27 7Z =171~ vi (k%)
o H—7Z Z =171 jet jet

o H->W W —lv jet jet

(*) see talk of Th.Trefzger (Tuesday 3:40 pm) for details
(**) see talk of D.Costanzo (Monday 4:20 pm) for details



H — vy

Signal ocBr = 43 fb
(myg = 100 GeV)

yv- background (irreducible) o ~, 1200 fb/GeV

(m,, = 100 GeV)

QCD Jet background (reducible) 2 ~ 1000

7Y

O jet,jet ~ 2 . 106

Y

Background rejection study:
0.3

e based on 10° fully simulated
jet events

0.2

e Pr >20 GeV:
jet rejection ~ 103
vetlyy (isolation, had. leakage,

01 shower profile)

e add. =9 rejection with first

0 v b b b Iy Calo_sampling
80 100 120 140 160 ’

m,(Gev)  fine n segmentation

QCD background at the level of 10% of the vy continuum
background



vy Mass Resolution

Mass resolution depends on:

(i) Energy resolution
angular resolution (due to vertex spread)

O-_le JE1@0E2€B 70
M 2 F1 E» tan 9/2

(ii) Degradation of performance due to detector
material (conversions...)

Energy resolution low L % ® 0.5% @ %20
high L 10% @ 0.5% @ 0.350

. vE E
cluster size 0.075 x 0.175
angular resolution 40 mrad / VE
first 2 comp.
~ efficiency 80 %
incl. conversions
C 3’/ ndf 22.21/23
80 - Constant 70.6
L Mean 100.0
Si gma 1. 306
60 _ mass resolution from
full simulation:
40 -~ om = 1.31 GeV
for mg = 100 GeV
20 - unconverted and con-
verted (shaded) ~'s
0 I Ld o n
90 105 110

2
m,, (GeV/c?)



H — ~~ Signals

Analysis cuts:

e WO photons
P}l > 40 GeV and PZ > 25 GeV,

n| <25

e exclude barrel - endcap transition region
1.42 < |n|<1.57

3 Fis00 |

S T it

Pl P

g f S0 [

15000 §500 }

10000 : | ‘ | | ‘ | ‘ | | ‘

myy(GeV) myy(GeV)

Signal significance: 100 fb1
myg (GeV) 100 120 140
Signal events 960 1200 930
v~ background 44700 | 30300 | 20800

~v-jet, jet-jet background 6700 4400 3900




Associated Production

e additional lepton, = improved S/B ratio

e however low rates:

Example: my = 100 GeV, [Ldt = 100 fb~?!

Expected signal: 15.6 events
background: 6.6 events
Stat. significance (Poisson): 49 ¢

e irreducible background (W~~, Z~v, ttyy) dominant

= additional confirmation of a low mass Higgs signal

- H, WH,ttH - yvy
- - W WH,ttHH - vyvy)

14 F 100 fb™
12 noK factors

N A O ©
!
|

ll‘lll‘lll‘lll‘lll‘lll‘lll

80 100 120 140 160 180 200
Higgs mass (GeV)




Nevents

100

Additional Channels for a low mass Higgs?

ttH, H — bb

tt — Wb Wb — lvb qgb

Electrons: Pr>20 GeV, |n]|<25
Muon : Pr>6 GevV, |n|<25

Full reconstruction of the top quarks

require: 4 tagged b jets, Pr > 15GeV, |n|<2.5
2 non-b jets, Pr > 15GeV, |n|<25

reconstruct both W's from the gqq and [ — Pgu's”’—system,
use W-mass constraint in case of neutrino

Pair two b-jets with the two W's
select that pairing that minimizes

X2 — (qub — Aftop)2 + (Mlub — ]\4top)2

require both rec. top masses to be in a window of

Nevents

0=8.6 GeV 0=9.8 GeV

100

50

‘\\\\‘ J_.-l_‘\AL\AL 0 “\\\\\\ L L

=
(@]
o

150 200 250 300 100 150 200 250 300
m,,, (GeV) m;, (GeV)



reconstructed

20

10

[ ] signa+background
[C"1 background
I trueH-bb

0 J\\\‘\\\\‘\\\\‘\\\\

distribution

20

10

[ ] signa+background
[ 1 background
N  trueH-bb

J\\\‘\\\\‘\\\\‘\\\\

0 100 200 300 400 0 100 200 300 400
m,, (GeV) m,, (GeV)
Expected Rates for 30 fb~1!
my (GeV) 80 | 100 | 120
Signal events 80 60 40
total background (ttj7, ...) | 145 | 150 | 130

Conclusion:

e Signal extraction in low mass region looks possible

e Good b-tagging is essential

e Knowledge of the background shape is important at low

Mass

(dominant background is ttjj < input from top analysis)



Summary of the Standard Model Higgs Search

Scenario after 100 fb—1;

(a2}
~ ® H - yy+WHHtHMH - vyy)
— B WH,ttH(H - bb)
n A H - zz9 - 4
H - ww® - v
2 H - ZZ - llw
10 +

® H - WW _ Ivjj

100 fb*
no K factors

L 3
Higgsmass(éé\/)

e ATLAS has a good sensitivity over the full mass range
from 90 GeV to ~ 1 TeV

e In most of the mass range two channels are available



Summary of the Standard Model Higgs Search

Scenario after 30 fb—1:

(af)]
> ® H - yy+WHtHH - yy)
- B WH,ttH(H - bb)
n A H - zz9 _ a4
H - ww® - v
2 H - ZZ - llw
107 ® H - WW - Ijj

30fb*
no K factors

1 \ \ 3
Higgsmass(Gue\/)

e T he full mass range can already be covered by ATLAS
after running three years at low luminosity



Determination of Higgs Parameters

Mass, width, rates, branching ratios,......
e combine the information from the various channels

e errors considered:
— statistical errors
— errors on the background subtraction
— systematic error on absolute energy scale,

assumed uncertainty:
+0.1% for lepton/photon channels (conservative)
+1.0% for hadronic channels

— systematic error on the momentum resolution
(based on calibration with Z events)



Precision on the Higgs mass:

Experimental precision on the SM Higgs mass

X ] ATLAS
c | 300 fb
N

E 4L

<]

H, WH, ttH (H —> »y)

®H — 77 — 4l

A All channels combined

10 T ‘ o
10 . 10
Higgs mass (GeV)

Higgs mass can be measured with a precision of 0.1%
up to masses of ~400 GeV

still at the level of + 1% at 700 GeV

no theoretical errors taken into account
(mass shifts due to interference effects between resonant
and non-resonant production)

uncertainty from structure functions is expected to be
small



Precision on the Higgs width:

e exp. measurement of width of Higgs signal;
unfold detector resolution = [ Higgs = AT Higgs

e measurement only possible if ['gig9s ~ I eap.,
i.e. myg > 200 GeV

1 Experimental precision on the SM Higgs width

L
: ATLAS
< 300 fb™'
®H —> 77 —> 4l
—1
10
—2
10

1 ‘ 1 1 1 ‘ 1 1 1 ‘ 1 1 1
200 400 600 800
Higgs mass (GeV)

main uncertainties:
e energy/momentum resolution

e uncertainties due to radiative decays of the Z
(calibration of the resolution function using Z decays,
+1.5%)



Higgs rates and branching ratios:

e deduce o - Br from measured signal rates

e Main uncertainty: absolute error on the luminosity
LHC goal: £5%

e assume an add. uncertainty of £10% on the background
subtraction

30 Experimental precision on the SM Higgs ¢ x BR

5 ATLAS_1 ®@H — vy
- 500 fb @ ttH (H — bb)
0 OH —> 77 —> 4l
X
o
5
020 \
- \\\
Lu i »44//
10
@A/L =10%
mWAL/L = 5 %
| ‘ | | | | | | | |
10 10°

Higgs mass (GeV)

e uncertainty on o - Br is at the level of £7% over a large

mass range, if 5% uncertainty on the luminosity can be
achieved

work ongoing on: branching ratios, spin



The supersymmetric Higgs sector

5 Higgs particles:

The MSSM Higgs sector is determined by two parameters:
generally chosen to be: my, tang

tree level mass relations are significantly modified by radiative
corrections

mp < 115 GeV for Ay =0

i.e. N0 mixing scenario, conservative assumption for LHC

dependence on m4 and tan g:

tanB=30.0

My Gev)

100

50 F

7\\\\\\\\\\\\\\\\\\\\\\
100 200 300 400 500

m, (GeV)

accessible at LHC through the vy and bb (associated produc-
tion) decay mode.



ATLAS studies of the MSSM Higgs sector concentrate on
two scenarios:

1. SUSY particle masses are large, msysy = 1 TeV,

Higgs boson decays to SUSY particles are kinematically
forbidden

2. Studies in the framework of

e SUSY particles are light and appear in Higgs decays,
competing with SM decay modes

e Light Higgs particles appear in decays of SUSY par-
ticles

Search for the h — bb decay

later: after SUSY discussion



Important Channels in the MSSM Higgs search

e T he Standard Model decay channels
— h — vy
— h — bb
— H —» ZZ* — [Tt~
(vy and ZZx decay modes are suppressed w.r.t. SM)

evaluation of performace based on SM results

e Modes strongly enhanced at large tan .
— H/A — 717~
— H/A — ptyu”

e Other interesting channels:

— H/A — tt

— H/A — Zh — 1117 yy
— IT1~ bb

— H — hh

—t - H', HT — v

assume: mgysy = 1 TeV
Miop = 175 GeV
Ay = 0. (pessimistic for LHC)

i.e. no mixing, SUSY particles do not appear in Higgs decays
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The three main channels
h — ~v~
Ty ER
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Summary of the MSSM Higgs Search

Q5O F
c 4 -1
S w0 | sLdt = 310* pb
4+
30 -
20 L <t = bH" with H* = Tv
10 -
9 ¢ | Vs = 200 GeV
70\ JLdt = 200 pb™~*
6 - N
N tth with h —> bb
t—> Ivb, jjb
4r 7 Vs = 189 GeV
L N Iidi= 175¢
%,’%r/ A—>Zh—>1Ibb
2 | 2 ~
2 N\
1 L1 ‘ L1 I // \?hh?‘b\b\,)/\\ LAA\W \? \t‘t\ (G|
50 100 1 50 200 250 300 350 400 450 500

m, (GeV)

after 3 years at low luminosity: ~80% of the parameter space
can be covered



Summary of the MSSM Higgs Search

Q 50 T

. b= -1
C 0 | I« SLdt=300 fb
O 77 —
30 ', §“ h—> ¥y and Wh,tth with h —>»»
5 —
0 | |7 '§t — bH* with H* — Tv
tth with h —> bb
&\ E t—>Ivb, jjb
: |§
10 Q ,§
2 1 = Vs = 200 GeV
7 ~ SLdt = 200 pb™
; =
5
4 [ Vs = 189 GeV
X s L3 ridt =175 pb™
2 \\i 7
U OAH >t
—> 4 leptons “ff/”
\\\‘\\\\‘\\\ )//\\‘\\‘\\\
1 250 300 350 400 450 500
M, (GeV)

Full parameter space covered, SM and MSSM can be
distinguished for almost all cases

Most part of the parameter space covered by at least two
channels, except low m4 region (covered by LEP200)

if h discovered at LEP200: = heavy Higgs bosons (A/H)
should be observable at LHC for my <~ 2 mgiep

if discovered at LEP200:
the should be seen at LHC

Discovery of heavy Higgses (m4 > 500 GeV) seems to
be difficult (¢t decay mode)



The Search for SUSY

e If SUSY exists at the electroweak scale, a discovery at
LHC should be easy

e Gluinos and squarks are strongly produced.

They decay through cascades to the lightest SUSY par-
ticle 9
= combination of Jets, Leptons, EJss

30

X1

e 1.Step:
Look for deviations from the Standard Model

Example: Multijet 4+ E$-Signature

e 2. Step:
Establish SUSY mass scale, use inclusive variables

Example: effective mass distribution

e 3. Step:
Determine Model parameters



Squarks and Gluinos

Experimental signature:

Several jets with large transv. momentum

missing transverse energy

background:
top production

W + Jet- , Z + jet-production

m squark =m gluino

Myune= 1500 GeV

10 f Q?%?

10" T ﬁ}?

Cross Section (pb/50 GeV)

.

1 ‘ 1 1 1 1 1 1 ‘ 1 1
0 250 500 750

ETmiss ( G e\/>

1 1 ‘ 1 1 1 1 ‘ 1 1
1000 1250

1500

[ Ldt =

mq = 2 mg 1050
mg ~ Mg 1800
mg — My / 2 2600




SUSY Mass scale

Simple experimental cuts:

e EM55 > min(100 GeV, 0.2 M.yf)

e At least 4 jets with Er > 50 GeV and P} > 100 GeV
e Transverse sphericity St > 0.2

e NO p or isolated e with Pr > 20 GeV and || < 2.5

define effective mass:

—_ miss 1 2 3 4
Mgty = Eq + Pr + Pr + Py + Pr
MSUSY = min (M~, MﬁR)
-7 LHC Point 5 1250 T T 1 | — T T T | ——
10 ; T T T T | T T T T | T T T T T T T T ; : :
0L . 1000 [~ « ]
s F : i .
S 10 & %{%@ —= S - .
N WS gy : :
3 -10[ 7 - B Y b ]
EW & O E z - & ]
5 = /| 3 = 500 . < ]
: 1~ : : P :
) 3 E i Y X4 i
°E ? E N sit ]
12[ V% N 250 — —
0 £ / E B )
10 -13[° ) AV A L i 0 oo v b b v b
0 1000 2000 3000 4000 0 500 1000 1500 2000
My (GeV) M (GeV)

e good correlation between M.¢r and Mgsysy
(spread is shown for 100 minimal SUGRA models
selected at random, mg,mq,, and Ap varied)



Determination of Model Parameters

e Determination of model parameters is difficult
(two missing )2(1), not enough constraints to reconstruct
mass peaks)

e Reconstruct partially the decay chain

30

X1
possible starting points:

)28 — )Z(fh — )2? bb
XS —FF =X It-

oW R 6

e start at the bottom of the decay chain, work backwards
example: endpoint of m(IT1~) determines (mx9 - mx}

e Mmeasure combinations of masses precisely
e global fit = constrain model parameters

Which modes are available depends on the SUSY model and
parameters.

ATLAS: discussed in framework of SUGRA models,
LHCC studies, 1996



The LHCC SUGRA Points

ST T T T T T T T T T
s~~‘

~._ ¢) tanf=10

7

m, ,, (GeV)

b) tang=2]

T Tk‘“-‘_‘

*~.. d) tanB=10

my s, (GeV)

\
1

2, \? \ 1

0
0 500 1000 1500 2000 0 500 1000 1500 2000
m, (GeV) m, (GeV)

bricked and cross-hatched regions are excluded by theoretical constraints
or by experimental data

SUGRA parameters:

mo common scalar mass at GUT scale

my /2 common gaugino mass at the GUT scale
tang

Ao common trilinear term

sgn(p) sign of Higgsino mass parameter

use point 5 to illustrate the methods



Point 5: Mass Spectrum and decay modes

Particle | Mass (GeV)
g 77
SUGRA Parameters gL 698
q 660
mo = 100 GeV %f 490
my/2 = 300 GeV 73 240
Ao = 300 GeV K% 157
tang =2.1 ", 25
sign(p) = + B 93
H 640

total cross section is dominated by qq, qg, and gg -production;
large SUSY cross section: osysy = 20 pb

Decay modes of x9:

Br (x3 = x%h ) = 70%
Br (x3 —Ilgl ) = 10% per lepton flavour



pp — GL4dR: dr — X149

Bl el

r, — X9q — Xthg  — Xx3bbg

The h— bb is a clean signature/tag in SUSY events;
E7"*5-cut can be used to suppress the large SM background

q-X59, X3—hx3, h—bb

Point 5

800

ATLAS
Selection cuts: JLdt=3 10" pb™
e 2 tagged b-jets, 600 __ signal
..... SM backg
PT > 50 Ge\/ __ SUSY backg

e veto 3. b-jet

2 non b-jets (jety,
jeta) Pr > 100 GeV
Emiss > 300 GeV 200
e veto isolated leptons

N
o
o

events/8 GeV

- e “er
St ety e L T TS

0 100 200 300 400
m,, (GeV)

Integrated Luminosity: 30 fb~1

1940 signal events

620 SUSY background = m; = 93 +£1 GeV
75 SM background

next steps:

e select events in mass window around the h-mass
pair b-jets with two other jets (veto add. jets
= qrqr enriched):

e m(bb, jeto) is sensitive to ¢, -mass
Aqu = :i:1.5%

e Pr(jet1) (hardest jet) is sensitive to jp-mass
Amg, = +20 GeV



X9 — Ipl — x5

0 N1 7 0
X2 =L 1Ix7

Point 5

ATLAS

JLdt= 3 10* pb*

400

Selection cuts:

___ signal

$300— 0 SM backg
— 2 leptons, S __ SUSY backg
same flavour, £
opp. charge 5 2%
— large jet multiplicity
_ miss 100
E7*s > 300 GeV

,;Iu

50 100 150 200
m, (GeV)

o

very sharp edge on invariant mass of two leptons:

max 1 + mlR 1 _|_ 52(1)
m; ;-7 — M ~Q
I+ X5 m2~0 mfR

— endpoint can be measured with a precision of + 500
MeV
= provides constraint in global fit (m%o,mig,ml})
1

— ratio of Pr of the two leptons is sensitive to the Ip
mass



Top production in decays of g,,b

Select inclusive tt — WWbb — qgq qq bb signal:

(two tagged b-jets, four add. jets, consistent with WW

mass hypothesis, EMs cut)

use sidebands of the W-mass spectrum to subtract the

combinatorial background

400

events/8 GeV

IIII{

| Point5

T

T

II{IIIT{IT

ATLAS

fLdt=310*pb™*

__ SuUsY

T

T

ITII‘II

I Point5

200 —

events/8 GeV
=
o
S
I

T { 1T T T { T
ATLAS
fLdt= 3 10* pb*

SUSY

I l I - l I
200
My (GeV)

L1
0 100 200

My (GeV)

300

Examples:

. t~1t~1 —> t).é(l) t)z(l)

Pr(top) is sensitive to my,
(needs high luminosity)

. GRrd, g— Tt — ttx?

my 1S sensitive to mg



Summary of Measurements in Point 5

Measurement Expected Error for Error for
value (GeV) | 30 fb~! (GeV) | 300 fb~! (GeV)
my, 93 +1.0 +0.2
my+y- €dge 109 +0.5 +0.2
my, 157 +1.9 +0.5
mg, 240 +10 +3
Mgy, 690 +12 +7
M, 660 +20 +10
mg 770 +20 +11
mg, 490 +50

Results of final parameter fit:

SUGRA parameter | Error for 30 fb—! | Error for 300 fb—*!
mo = 100 GeV +5 GeV +3 GeV
m ;» = 300 GeV +8 GeV +4 GeV
tanf= 2.1 +0.11 +0.02

— mo, my/p and tan g can be determined with
a precison at the percent level

— sgn p unambiguously determined
(Br(x3 = X1h))

— Ap remains unconstraint, due to small influ-
ence on the phenomenology at the el.weak
scale



Similar results have been obtained for the other points:

i }; b
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15
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LHC Point

0.5

I. Hinchliffe et al., Phys.Rev. D55, 5520

ultimate fit:
D.Froidevaux et al., LHCC workshop, Okt. 1996

More on ATLAS SUSY:

I.Hinchliffe, Gauge Mediated SUSY Breaking,
Tuesday 4:15 pm

F.Paige, More on SUGRA signatures,
Thursday 9:35 am



Higgs in SUGRA

Lightest Higgs h:

1000

800

My, (GeV)

600 100
400

200

tanB=2.
w>0

1000

00

1000

20
m, (GeV)

00

1000

800

600

400

200

1000

800

600

400

200

0
0

tang=10.
u>0
120

116

112
108

20
m, (CeV)

1000

tanf=10.

120 <0

12
108

1000 20

me (GeV)

00

00

— Decay of h — x9x? is kinematically closed in the al-
lowed SUGRA parameter space

— SUSY particles in loops affect the production and

decays

o - Br(h — ~v) is found to be in the range of +£10%

of the SM value

Observation of A in the SM channels is preserved



>~ O O NDDWO

h — vy

SLdt=300 fb™'

Inclusive h = yy

------ 1.1(oxBr)*"
——1.0(oxBr)**
- - -0.9(oxBr)"*

b b b b
50 100 150 200 250 300 350 400 450 500

mj, (GeV)

tth, h — bb

2 SLdt=300 fb™

tth with h —> bb
t—> b, jjb

772221
ez
777, |
Wh >

sLdt = 310* pb™

b b b b
50 100 150 200 250 300 350 400 450 500

mj, (GeV)




h — bb

x Use h — bb decay mode in SUSY events
to discover the h

* Analysis as described above for SUGRA point 5

excluded regions in the SUGRA parameter space
tan3 =10, >0

[Ldt=30 fb* [Ldt=300 fb™*

] N
800 // & 800 77
Iy /7 S 0 7
600 - [/ 600 -  /f
1 /] 1/
1/ TTALLL 71000 1 /]
400 400
1 /- |
_ SWB>5 | SWB>5
200 — BR(Bﬁg&gh):o.s 200 — BR?)%gqxgh):O.S
0 T T T T ‘ T T T T ‘ T T T T ‘ T T T T 0 | T T T T ‘ T T T T ‘ T T T T ‘ T T T T
0 500 1000 1500 2000 0 500 1000 1500 2000

m, (GeV) m, (GeV)



Heavy Higgses H/A:

—~ 1000 —~ 1000
ke nBx2.|3
L 0 <
< 800 M < 800
g 3000| &
600 2500 600
200
1
400 - 1500 400
1000
200 00 200
0 0
0 1000 2000
m, (GeV)
~ 1000 — 1000
% | ﬂﬁ 2 %
& I 0 2
« 800 3000 @ 800
€ £
600 500 600
2000
400 f- 1500 400
1000
200 500 200
o ERR Ty 0
0 1000 2000
m, (GeV)

1000

2000

1000
500

1500
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* H and A Higgs bosons are heavy in many SUGRA
models

x Decay modes are strongly affected by SUSY parti-

cles

+ H,A— %9%%, X:X{ decay channels are open over a
significant fraction of the SUGRA parameter space



H,A — Neutralinos

Decay mode: H, A — x5%x3 — x{UT =Xt~

* Search for four leptons, 2 pairs SF,OS
(Pr > 20 GeV (1.,2.lepton), Pr > 7 GeV (3.,4.lep-

ton))

x tight jet veto to suppress SUSY background

x+ Ems cut to suppress SM background

excluded regions in the SUGRA parameter space
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Conclusions

The ATLAS experiment at the LHC can make sub-
stantial contributions in the Search for Higgs and
SUSY:

x [ he discovery of a SM Higgs is possible over the
full mass range (90 GeV < myg < 1 TeV) after a
few years of running

x T he MSSM Higgs sector is challenging for LHC
experiments

. With moderate luminosity (30fb~!) about 80%
of the (my4,tan @) plane can be covered.

- Full coverage at high luminosity

x ATLAS has a large potential to discover SUSY
particles and to measure their masses

x [ he Parameters of the SUSY model can be deter-
mined or largely constraint by many measurements



