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Introduction: SM vs MSSM

SUSY extensions of Standard Model:

* Introduce symmetry bosons<fermions
* More than double the number of fundamental particles
* Simplest extension: Minimal Supersymmetric Standard Model
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Many nice features come out:
* stability of Higgs mass wrt higher-order corrections
* unifications of gauge couplings
* Cold Dark Matter candidates
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Overview of Higgs sector in MSSM

8 degrees of freedom = 5 physical Higgs states:

* CP-even neutral states h and H
} denote O
* CP-odd neutral state A

* Charged states H* and H-

Higgs masses and couplings:
* Tree level: two parameters sufficient, m, and tan 5 = vev,/vev;

* Higher orders: many MSSM parameters contribute

This report: search for ¢, set mass-dependent upper
limits = derive constraints on m, and tan f3
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Expect_ations for Higgs masses
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* Without corrections: m,<m,
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* With corrections: G
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* At low m,, m,~m,
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* At high m,, large tan J: M, [GeV]
H is almost mass degenerate with A
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Production of MSSM Higgs
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In MSSM compared to SM:

* Couplings to bottom fermions enhanced by tan 3
* Cross-sections enhanced by tan® 3

* MSSM Higgs might be within reach for Tevatron!
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Decays of neutral MSSM Higgs

Neutral Higgs decays: —

O—bb at ~90% 7 S e

O»—TT at ~10% / ST =
'/f' e~
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Higgs Mass (GeV)

Difficulties with ¢—bb:

* High QCD backgrounds, only pp—o¢+b(b) manageable
2 only subset of production mechanisms can be used
* Rate sensitivity to SUSY parameters
* Production, decay strongly depend on radiative corrections

Attractive features of ¢—1r:

* Lower backgrounds, all production mechanisms
* More stable wrt radiative corrections

Why choose ¢—1t?
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Decays ¢t

Consider t decays:
* Toev,v , Touv,v_ add to 36% (call them 7., 1)
® T hadrons+v_ add to 64% (call )

®* mostly T-omv,, T—)T(T(OVT, TOMMTY_

Choosing the best signature:
* 7.7, high background from Z/y*—ee, low rate
* 7,7, high background from Z/y*—uy, low rate
* 7.7, good! some(low) jet background, low rate
* 7.7,.4 golden! High rate, low background }thiS report
* T,Thag 90lden! High rate, low background
* T,.4Thag Moderate jet background, highest rate
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Analysis outline

|. Collect data: 21 DO\
* Single muon trigger at DO TeTws Tethads Tuthad
* Lepton (e,u) + track trigger at CDF \ | /
* Di-lepton trigger at CDF CDF

Il. Reconstruct 7, 7,: good lepton ID, isolation, etc
Il. Reconstruct 7, 4: low multiplicity, collimated jet

V. Estimate backgrounds

V. Derive limits on o(pp—¢)xBr(¢—17)
VI. Use standard MSSM benchmarks
= derive limits on tan
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Background sources

Primary, irreducible background: Z/y*—1t

Fakes from gluon and quark jets:

* QCD multi-jet events
* W+jet(s)

Other, small, backgrounds:
* WW, WZ, ZZ, Wy, Zy production
* tt production
* ZIY"—uu, ee
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The Collider
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DO

Used: 1.0 fb?
Available: >2 fb1
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CDF and DO detectors

| Highlights:

Y Tracker = e, U, « tracks
e s e——Silee Trigger = interesting events

Muon detectors =
EM calorimeter = e, w0
Hadron calorimeter = E
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T reconstruction B ox

Thag F€CONstruction: T, reconstruction:

* NN based on kinematics, CAL, etc e Trigger u, |:>T >15 GeV/c
* Separate NN for each type

* Training: MC signal, multi-jet data bg

* Require NN>0.9 (0.95) for types 1,2 (3)

* |solated in CAL, tracker

L TRK+CAL 3TRK+wide CAL
+
T+ Tt  EMCluster TC Tt
/ / 70 % Tt
T+ -..->VT /'C+ ....>\,,‘c T_I_ .....»-\/,‘C
Type 1 Type 2 Type 3
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¢—TT reconstruction

Kinematics:
* Require separation AR(t,,T,,4)>0.5
* W veto: M <20 GeV/c?
MWZ\/2EVE“(1—COSA¢)
* Reco g(¢—11)=1.4% for m,;=140 GeV/c?

Events

IlIII

D Preliminary, 1.0 fo! WZ-tw

I

0 20 40 60 80 100 120 140 160 180 200

. W Mass (GeV)

Yields: expected background, observed data

Z—-1tT1 1163x£27 Z—uu 18+3

QOCD 60+30 W+ jet 33+5

t't 3.3+0.3 WWIWZI1ZZ 10+1

Predicted 1287=+130
Data 1144
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Cross-section analysis [

D@ Preliminary, 1.0 fb™
h

o
M=160

Neural network analysis:
* Use m, P> M, ---

TT

Events

7t

B Z—un

BQcDh
W—pnv

Wt

WW-—lvy Iv

id

* Train on MC signal, weighted bg. _
* Train at mA=90,100,...200 GeV 10
* Separate for each 1,4 type :

Get limits from NN distributions nl

NN, summed over all Types P T

ppa/pl w pon s
D2 Preliminary, 1.0 fb" "V 0 50 100 150 200 250
Visible Mass (GeV)

No visible excess

Consistent with background-only observation

0 0.2 0.4 0.6 0.8

July 26, 2007 Search for Higgs decays to tau lepton pairs 14



-t
L=
X]

95% limit ¢ * Br(¢p—tt) (pb)

Limits on G(pp—>¢)xBr(¢—>'c'c)
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Result: 95% Confidence Level limits
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T reconstruction

Thag FECONStruction:

* Narrow jet, 1 or 3 tracks plus nt%s
e Optimized signal cone o =min(10,

5 GeV
2 )
* Seed: track p;>6 GeV/c + <6 CAL towers
e |solation annulus o, <0< 30°
* Tracks Y.p.<2 GeV/c, Y E <1 GeV/c

* Suppress quark, g-jets

T, F€construction: Jet background

* Trigger lepton, isolated in CAL, tracker

*P,>10(6) GeVicfort T (T ’C)

e/w had Signal: isolated tau
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Background suppression in ¢—1t

Hy cut: *Suppress Z/y*—up,ee:
* QCD suppression . q)etufchadﬁprong): [m,-m|>10
* define H,=|p" m had +|ﬁL | . (l)%fcefchad(.l prong): e veto

* H >55 GeV for 3 -prong t__
* H >50 (45) GeV for 1-prong t_ vs T(T) i);is<__l_1)

Bisection axis cuts: 7 B

* di-boson, W-jet, ttbar suppression - . >
« p.>1.6-p"~10GeV E/\ C
* { is bisection axis of P!"(t 1),?;"S(T2) E P, <T2>
e p=(p, (v )+p,(T,)+E,)T,

* p. =(p,(T )+pT( )) Z,
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Yields

Event counts for data and expected backgrounds:

Telhad Tuthad Tetu
Z>TT 993.0+4.7 796.6x46 312.4%29
Z—ee, Ul 68.3+1.9 63.2*x1.8 11.9+0.8
di—boson events 1.5+0.02 1.2+0.02 6.1+0.1
tt 1.3+0.03 1.1£0.03 4.7+0.07
jet fakes 333.17x18.2 1394+114 33.5£3.2

Predicted 1195.9£18.9 1001.5%=12.5 368.6*+4.4
Data 1215 1000 374

Note: the CDF yields tables do not include systematic errors.
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spectra
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Small excess observed, statistically not significant

Consistent with background-only observation
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Limits on G(pp—>¢)xBr(¢+>tt)
100F—

CDF Runll 1 fb-1
MSSM Higgs—1t Search
Preliminary

—
o

— Observed

1L— Expected

B 1c band
2c band

95% CL upper limits

o(pp—0X) x BR(9—>77) (pb)

=
-

q00 450 200 250
mg (GeV)

Result: 95% Confidence Level limits
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MSSM benchmark scenarios

How to interpret o(pp—¢)xBr(dé—1t) observable?

* Large phase space of MSSM parameters

= establish indicative cases, “benchmark scenarios”
M.Carena et al, hep-ph/9912223

Some relevant parameters
L mixing parameter of Higgs dublets X; mixing in stop-sector

M, SU(2) guagino mass parameter m, gluino mass

Mg 5y Scale of soft SUSY symmetry breaking

Scenario m,MX: set of parameters maximizing m,, for given tan
Scenario no-mixing: as m,™, but X,=0

Sign of W: try m,ma and no-mixing with p>0 and p<0
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m, vs tan B limits (u>0) from DO

m, "3 scenario: m?*, 1> 0 No-mixing,u> 0
2. 100 r 2. 100 —-r
| c c
X, =2TeV S 90 S g0
u=0.2TeV 80 -
M, =0.2 TeV - -
m,= 0.8 TeV 60 éo |
M =1TeV
no-mix scenario: 40F D@ Preliminary, 1.0 b 40 D@ Preliminary, 1.0 fb™"
X, =0 TeV 30 — gg ﬁ:ziz 18?;1 expected 30
t m— ) 57T, 325pb’1_
w=0.2TeV 20 — (L:E; ¢->11, 310pb 20
m,=1.6 TeV 0500 120 140 160 180 200 000 120 140 160 180 200
Msysy = 2 TeV M, (GeV) M, (GeV)
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m, vs tan B limits (u>0) from CDF

M

SUEY

p = +200 GeV, M, = 200 GeV, m, = 0.8 M_ .,
=1TeV,. X, =vEM

SUSY

expected no Mixing
max
M

CDF Runll 1 fb-1

MSSM O—TT Search
Preliminary

100 120 140 160 180
m, (GeV/c?)

(m, ™), M, ... =2 TeV, X =0 (no-mixing)

200
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m, vs tan p limits (u<0) from DO

max in m?*, n< 0 No-mixing, L < 0
my™==scenario. . ..o i 100 e
. c c
X, =2TeV 8 90 S 90
M,=02TeV ”
m,= 0.8 TeV 60 f .
M - 1 TeV i
SUSY 50 F 50 P
Nno-mix scenario: 40 D@ Preliminary, 1.0 fb™’ 40 D@ Preliminary, 1.0 fb’
Xt — O TeV 30 — gg i::: 18IE ! expected 30
— D (])—)’CT 325pb™
u=-0.2TeV 20 s CDF 1, 318pb1 20
M,=02Tev 10 10
m,=1.6 TeV 0300 120 140 160 180 200 0500 120 140 160 180 200
Mgysy = 2 TeV M, (GeV) M, (GeV)
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m, vs tan B limits (u<0) from CDF

M

SLISY

b =-200 GeV, M, =200 GeV, m;=0.8M,,

=1 TeV, X, = ¥B M, .. (m ™), X, =0 (no-mixing)

expected

CDF Runll 1 fb1
MSSM 0—T1T Search

Preliminary

no mixing

LIERP 2

100 120 140 160 180
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200
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Conclusions

CDF and DO imposed limits on (tan B, m,) plane

* excluded region is roughly tan 3 > 50-60
* only slightly sensitive to benchmark scenarios

Significant additions and improvements expected:
* already have x2.6 of luminosity on tape, more to come
* add other t decay channels at DO
* analyses refinements = increased statistical power
* combining with future ¢—bbar results
* combining CDF and DO results

No discoveries... yet!
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Backup slides
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Bisection axis cut at CDF

The cut definition: P> 1.6°p2is— 10 GeV

p. vs. p.° from W + jet (MC) p, vs. p:" from A — t T (MC)

o
=
TTTT
(4]
(=]

(GeVlc)

p

+30[

- '1']: CDF Run Il Preliminary

_20:....|....|... T T N T P _zn:....h. e bbby b b b e
0 5 10 15 20 25 30 35 0 45 50 0 5 10 15 20 25 30 35 40 45 50
p: * (GeVlc) p!* (GeVic)

Example of the effect of the cut for T, T,,4 candidate events

T
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