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N Searches for H
Outline and SUSY

T. Nunnemann

LMU Munich

Searches for:
» Standard Model Higgs boson
» SUSY Higgs boson
» chargino-neutralino pair-production

» scalar quark and gluino production

> inclusive production
> scalar b quarks, b
» scalar t quarks, f

with focus on recent measurements/updates

Note: all limits reported here are at 95% C.L.



SM Higgs Constraints from EW Theory

e SM: My constrained by radiative
corrections to My

AM? W

ArvinMy W

{010,

e new precision measurements of
My and M; from Tevatron
— see talks by C. Hays,
P.M. Fernandez

= A light SM Higgs boson is
favored!
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SM Higgs Production and Decay asusy

T. Nunnemann
-- LMU Munich
Jo=196Tev 1

Search strategy: SM Higgs

e My 5135 GeV: associated
production WH, ZH with

H — bb
e backgrounds: Whb, Zbb,
100 20 T30 T60 180 200 W/ij, tOp, WZ, QCD

my (GeV/c?) . e
; e additional sensitivity from

WH(— WW*), H — WW*

3 | o My 2135GeV:

%;nm—l 3 gg N H — WW(*)

%“"2 e backgrounds: WW, WZ,
FR W + jet/~, tt, Z/DY, QCD
20 F e additional sensitivity from
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ﬁ WH — I*vbb

e recent CDF measurement based on
L=1fb"1

e selection:

e e or i with high transverse
momentum pr > 20 GeV
e large missing E1, £; > 20GeV
e two jets, Et > 15GeV
(with b-tags)

e b-tagging:

e secondary vertex (SVT)
e neural network (NN)
e best sensitivity:
1SVT w/ NN && >2SVT

e search for resonant peak in my;

o for My ~ 115GeV: 0oyel/osm ~ 20
(single measurement)

*H) x BR(H — bb) (pb)

o(pp —
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Searches for H

G /H — VﬂbE7 WH — (/ﬂ:)yb[; and SUSY

T. Nunnemann

_ ¢ Dijet mass in SIG Region, > 2 Tag LMU Munich
E £ CDF Run Il Preliminary, 0.973 b’
:?" 8:— —Data
g 7 —ZH115*10
_ 2 GE— E@Thff ZH — vibb
e analysis includes WH — (/)vbb, s [Iiboson
+ - F W Top
where /* is undetected a macohi.
. 3; B Mistag
e selection: i3
o large £; > 75GeV i
e 2 jets with > 1 b-tag %50 100 150 200 250 300 ssgn"?gov)
. e’
e topological cuts - 1 CDF Run I Preliminary (0,973 ")
- @ £ Z4W> (V)7 bb Expected 95% C.L.
e large bgd. from QCD multi-jet 3
and Zjj with mistag S
102 E Observed 95% C.L. limit
e sensitivity at My ~ 115 GeV: S
[ ZH, WH: each Uexcl/USM ~ 30 10; —_—
e combined: oeyc1/osn ~ 16
B

P I I VR NV
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Searches for H
— L and SUSY
D& 21 b

T. Nunnemann
LMU Munich

e new (Nov. 06) DO result

e selection:

D@ Preliminary (840-920 pk') |=QCD

>

ZH — IT17~ bb

Events / 16 GeV

e ee or pup with my ~ Mz
e > 2 jets, both b-tagged

o NN b-tagger: 72% b-tagging
efficiency at 4% light-jet fake
rate (|n] < 1.5)

e background: mostly Zbb, Zjj

[ZH—TI'T bb

-
o

c (pﬁj ZH) x B(H — bb) (pb)

e CDF: improved sensitivity
with NN selection

e sensitivity at My ~ 115 GeV:
Uexcl/UShI ~25—-30
= similar sensitivity as
Z(— vi)H despite low 0120 iéd#gé?i;(ges‘\?‘)
Z — 171~ Br

CDF Prel. (1.00 fb™) -
D@ Preliminary (0.88 fb")
95% C.L. upper limit

(---- expected limit)

e

Standard Model Tt




w H— WW® — [ul'y

e selection:

e ee, ey or up

e £ and £, significance (cf. jet
Et resolution)

e kinematic cuts

e spin correlation
DU 'L
e ==
v W e
— di-lepton opening angle Ay
to discriminate against
dominating WW background

e sensitivity at My ~ 160 GeV:
Toxcl/Osm ~ 4
= 4h gene. model already excl.
for My = 150 — 185 GeV!

e CDF: new results (not shown)

Angle (up) before Cut

Events / 0.1

- F
a E
a F
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F O
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w* Combined Tevatron SM Higgs Limits

i Tevatron Run IT Preliminary|
= = -1
E 357 ------ D@ Expected I Ldt=0.3-1.0 fb :
Sl 3 CDF Expected
: Ea®S wun Tevatron Expected

) 257I-IJ% = Tevatron Observed

el b b b b Lo e L
foo 110 "120 130 140 150 160 170 180 190 200
m,, (GeV/c?)

first CDF and D@ combined limits (status: Summer 06)

e ZH, WH (low mass): only CDF's 1fb™! results included

o H— WW® (high mass): only D@'s 1fb™* results included
e new measurements with 1fb™! not yet in combination:

o CDF: H— WW™, D@: ZH — I*1~bb

e new updates to be released within the next weeks

selections

prospects: L =4 —8fb~* (by 2009), improved b-tagging (NN) and
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SUSY Higgs

e 5 H-bosons: h°, H°, A° H*
o all 0= g0
e prediction: my $135GeV

e Higgs v.ev.'s v, vy: ratio
tan 8= v, /vy
— o(gg — H) and o(bbH)
enhanced at large tan 8

e at large tan 3: A nearly
mass-degenerate with h or H,
o(A) ~ a(h/H)

e decays at large tan (:

° Br((é — b[_))_N_QO%
=bb¢p — bbbb
e Br(¢p — 7777) ~10%

—¢p— T~

>T >

MSSM: 2-Higgs-doublet model:

FEEETTT BT |

@ production cross section [fb]

R
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g
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DEJ  \issM bbo — bbbb

e selection:

e 3 b-tagged jets
e search for peak in m(ji, j»)

e backgrounds:
e bbj(j), bbbb, Z(— bb)j, tt
e shape: 2b-tagged x (mis-)tag
e normalized to 3b-tagged outside
signal region

e sensitivity at M ~ 120 GeV:
tan 3 >~ 50 — 60
(depending on f mixing param. X;)

e update based on 0.9fb™*

e NN b-tagger: e(b—tag) = 49% at
¢(mis — tag) = 0.33%
e o(excl.) improved by ~ 1/3

[ 260 pb-1 DO
E 6o Data
o [ + —  Total bkgd.
T 401 <eeom,= 120 GeV
[2] L
€ [ >=3 b-tags
:>: 20+
R A X
e L ®
100 200 300 400 500
Di-jet mass (GeV)
100 MSSM Higgs bosons DO

Cross section (pb)

B
S
T
Excluded at LEP

bbo(—> bb), ¢ = h, H, A
%..1’//

] No mixing
[ Max. mixing
20
L L L
80 100 120 140
m, (GeV)
D@ Run 1I Preliminary
ek — Observed
£ — Expected

10

mH (GeV)

L | | \ , \ | |
100 110 120 130 140 150 160 170
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w* MSSM ¢ — 771

e 2 new results based on 1fb~?

o CDF: ey, er, ur
e DOD: pur selection

e partial reconstruction of My:
Myis = |PYS + Py 4+ Py |
e CDF: some excess seen (only e,

uT), but significance < 20
e D@: no excess, (limits from NN

analysis)

—~ 100 T T T
2 CDFRunll 1 fb!
= MSSM Higgs—1t Search
I Preliminary
% 10}
% — Observed
< 1= Expected
? B 16 band
[I-% 26 band
%‘ 95% CL upper limits

L ) 1
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et/ut
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MSSM ¢—tt Search|
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freemy ;

100¢

10

0.1

Events

10
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M other EW, tt
jet fake

«——— My =160 GeV

50 100 150 200 250 300
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w* MSSM ¢ — 77: Exclusion Regions

100
u7200GeVM7200GeVm708MSY c

Mg, = 1TeV, X, = VB Mg, (m,™), =0 (no- mlxlng)' 8 90

80

4 70

E 60

2‘ expected E 50
g E

CDFRunll 1fb1 | 40 F

MSSM 011 Search| 3

Prelimina E 30
no mixing E

LEP 2 E 20

100 120 140 160 180 200 10

m, (GeV/c?)

e only minimal change in excluded region
assumptions
e t-mixing: no-mixing and m}"®* (paramete
e ;> 0orpu <0 (Higgs mass term)

mPX, 1 < 0

D@ Preliminary, 1.0 fb™

D2 ¢->1 7, 1.0fb" 1

— DO qu 7, 1.0fb" expected 1

— D qHu 325pb™” ]

s CDF ¢—>71, 310pb™!
LEP

nflnnnallnnnllonnllnnnlionnt

0™300 120 140 160 180 200
M, (GeV)

for different model

rs that maximize Mp,)
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Searches for H

{5 %9 Production: Tri-Lepton Signature and SUSY
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e chargino-neutralino ()2%)28) pair-
production with 3-lepton signature .

e searches within mSUGRA (inspired)
models

>
S

>
NO

e R-parity conservation
[ ] )2(]:_) LSP — Ef

e vary models by relaxing :
constraints on /-mixing and mg
unification a

e clean signature with low
background, but: =

300

e low cross section and branching .

g

M(slepton) = 116 GeV
M(neutralino2) = 110 GeV
M(chargino) = 106 GeV

8

g

fractions Br in leptons -
. 150] next-to-leading lepton
e leptons with small pt ook leading lepton
e large tan (: “E

. 200 a0 6o 80 100
enhanced coupling to 7 PT lepton (generator level) GeV)



DOG® Tri-Lepton/Like-Sign /*/* Searches

ee + track

e D@: 6 analyses
o ll(e, p)+track
e e/u+ Tpttrack
o utut
— increase sensitivity by not
requiring explicit /-ID for 37 |
e CDF: 14 analyses:

o [l

e ee+track

o [EE

— dedicated analyses for
high/low pr trigger, e at high n

e backgrounds: WZ, WW, W+,
Z/y*(— 77), QCD muli-jet

number of events

Events / 10 GeVr2

D@ Runll Preliminary, 1.1 f6'

0 800 900
MET X p'j [GeVA2]

CDF Run Il Preliminary LS di-lepton
M,=100, M, =180, tanp=5,1>0 |

J-Ldt= 1.0 b | mm acp

Drell-Yan

30 40 50 60 70 80 90
Missing transverse momentum (GeV/c)
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mSUGRA (inspired) models
e CDF:

e no mass limit for mMSUGRA

with T-mixing and when
decay via W/Z dominates

e w/o [-mix.: - Br ~02pb

(exp.: 0.1pb)
— M(X{) > 130 GeV

e DO:

e large-mq: heavy T and qg—

small Brin /

e heavy §: M(l) < M(g) —

large o and Br into /

e 3l-max: M(T) ~ M(X{) —

maximal Br into /
o-Br~0.07pb
— M(X) > 140 GeV

Limits on M(X7)

:) x BR(3I) (pb)
° °
£ o

.

olx,x,

° o
e

o
o

S(3X3)¥BR(3 leptons) (pb)

0.4

0.2F

MSSM: tanf=3, p>0, M(x9)~M(x1)~2M(x); no slepton mixing

CDF Run II Preliminary: 700-1000 pb’1

— O o*BR
O\o¥BR Uncertainty
— 95% CL Upper Limit: observed
----- 95% CL Upper Limit: expected
] Expected Limit + 26
[ Expected Limit + 16
Excluded
by LEP

I I L I L
?OO 110 120 130 140 150

L
160
Chargino Mass (GeV/cz)

%% tanB=3, u>0, no slepton mixing
A
3 % — Observed Limit
A . Expected Limit
%

T
D@ Run Il Preliminary, 0.9-1.1 fb'

+,

M, )=M@)~2MGE); M{)>M(z;)

140 =9
Chargino Mass (GeV)

0
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Scalar Quarks, Gluinos: Production and Decay

strong coupling — large o for
pair-production of § and g

large M(t) — large mixing of %, /T (and
bL/bR) — maybe /\/I(Z‘l) < M(E])

§— qid

e topology: 2 jets + missing transverse

energy (£: )
bh— b)N([f

e efficient background suppression by

requiring b-tag

t decays

e two-body decays t; — t{9, H — b{{
kinematically forbidden (in interesting

parameter region)

e 7 — c¥?, loop induced
o T — bliy, M(D) > 43.7 GeV (LEP)

q
q
X2
G------ <
q
N X Xs
t----<.w
b ™ c
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DES Search g, g in Jets + F;

e new update with L = 1fb~*

e 3 analyses:

o My < Mg: 3 — q3a%8
= 2 jets, F;

o My~ Mg: & — qx39ax?
= 3 jets, £;

o My > Mz: g8 — qax3qax}

= 4 jets, F;

e most conservative limits

(for tan 3 = 3,Ag = 0,0 < 0):
M; > 289 GeV
M > 375GeV

e interpretation within mSUGRA:
improved limits w.r.t. LEP for

mg ~ 75 — 250 GeV and
myja ~ 125 — 165 GeV

Events / 5

Squark Mass (GeV)

D@ Preliminary

1af

e IV s ___ —_— \-s-m\><

100 200 300 400 500 600 700
H, (GeV)

D@ Preliminary, 0.96 fb™

‘*

1002 \\\\\\\\\\\v"
°ooo
Gluino Mass (GeV)
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— Searches for H
NN and SUSY
w* Search for byb;: 0

T. Nunnemann

o~
!

1 O
52

> F T T 3 LMU Munich
& o - 4
e F CDF Run Il Preliminary, 295 pb” ]
g 5 —e— Data -
) . oot [ Mis-Tag ]
e signal: generic MSSM, s =oco<HF> E
~ ~ r EWK+Top |
vary M(b), M(%9) * Osos ~ -
~ £ (M(B,)=160 GeVic?, 3
assume Br(b e b)z(f) = 100% 2:7 M(3,)=80 GeV/c?) 7:

1; é Sbottom

e selection: E E
° 100 150 200 _ 250
° 2 or 3 jetS, Et Mlssng,(Ge:l)
. ~ CDF Run Il Prelimi 295 pb’
cuts depending on M(b) g OO Bun I Prliminary 295 pt)
S . ‘CDF Run2 : Theoretical uncertainty |
e 1 b-tag B " Epecedimit /g e
_ o [ Ooormnt / pome e
e main backgrounds: =) e 1
e QCD multi-jet (HF+mis-tag) f ]
o W/Z+jets “r ]
e previous D@ result (310 pb~1): s 1
e higher sensitivity at large 2l ]
M(b) t/ \ ; ]
o loh Lo o b b b bl b 8 UL b 1y
0 20 40 60 80 100 120 140 160 180 200 220

M(b,) (GeV/c’)



w* Search for b~1b:1:

e signal: generic MSSM,
vary M(B), M(59)

assume Br(b — b{?) = 100%
e selection:
e 2or 3 jets, £; y
cuts depending on M(b)
e 1 b-tag
e main backgrounds:
e QCD multi-jet (HF+mis-tag)
o W/Z+jets
e previous D@ result (310 pb~1):
e higher sensitivity at large
M(b)
e now published

ot

Events/5 GeV

|
1 T
=<2
— o

COF Run Il Preliminary, 205 pb" ]
—e— Data -
[ Mis-Tag |
Il aco (HF) 3
I EWK-+Top b
[ signal E
(M(B,)=160 GeVic®, B
M(7)=80 GeVic?) -

200 250
Missing E, (Ge

| — observed

D@Runll |

Neutralino Mass (GeV)

- expected K L=310pb"

00 ;
&FP 1
/1 \s=208 Ge J/-—\

50| ﬂ

s@/ 88pb '
0 e b e
50 100 150 200

Sbottom Mass (GeV)
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w* %1?12 %1 — C)ztl)

e signal: generic MSSM, vary M(%),
M(?), ass. Br(t — cx9) = 100%

e selection: similar as for b search, but
only loose c-tag required

e main background:
Z(— vo)/W(— Iv) + jets

Events / 10 GeV

16| DO 360 pb'
14 E + Data
120 O sSM
F 0 Signal
10+
8-
6
2
9 £ | L \+\ \+\ | L
0 50 100 150 200 250 300
K, (GeV)

M@E) (GeVic?),

M(,) (Gevic’)
100
3 1
90F DO 360 pb
s80F
70F
60|
SO0F
40| —— Observed limit RN
-~ Expected limit x
3 FIC_]LEP 6=0"
20| (] LEP 6=56
[] @ Runl 7
IOE [] CDF Runt A
oL 1 1 1 | | | | | |

CDF Run Il Preliminary (295 pb)

00 gl
CDF,DZ Run2 — Observed 9
90[_Theoretical uncertai --=- Expected limit
— D Run 2 prelim.
[ CDF Run 1 B
80 O D@ Run 1
LEP 0=56°
70

,_
m
i o
A @
4 i
U
|

0 50 60 70 80 90 100 110 120 130 140

750 60 70 80 90 100 110 120 130 140
m, (GeV)
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Searches for H

Summary and SUSY
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LMU Munich

SM Higgs

e many updates with 1fb~! within the last year

e first Tevatron combination in Summer 06
prospects: promising but challenging

SUSY Higgs
e large potential if SUSY at large tan (3 is realized

searches for SUSY partners

e large variety of topologies studied although searches for
GMSB, ASMB, split SUSY etc. not covered here

e no indication of new phenomena seen so far, but sensitivity
well beyond LEP and Tevatron Run| added.

for further details see:
CDF: http://http://www-cdf .fnal.gov/physics/physics.html
D@: http://www-d0.fnal.gov/Run2Physics/WWW/results.htm
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Searches for H

e (+ b-tagged jet)

5 F ~ and SUSY
w Search for tyt;: t; — blD e
110 DO Preliminary LMU Munich
& T T ™
2 { DORunll: ]
%100 (S iﬂ ggg pb
O, 9
@ 80
=
e selection: p 70
c
® e/l or [t S 60
=]
[}
c
()

e main backgrounds: ) 4ol U LER Y excluded
- el
Z(l—tf _TTt)v tt, WW, QCD 60 80 100 120 140 160 180 200
mufti-je Scalar top Mass [GeV/c’]

e challenge for small M(t) — M(%): leptons and jets with low pr
— pup: pr(pz) > 6GeV, eu: no jet requirement

e signal model:
e generic MSSM, vary M(t), M(?)
e assume Br(t — bli’) = 100%
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