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MSSM Higgs
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Two Higgs doublet fields

H (H,) couple to up(down)-type fermions

u

tang = <H >/<H_ >

5 particles after EWSB
e h,H, A H, H
* h must be light, <~135 GeV

At large tanp, coupling of A, h/H to down-type
fermions (b, 1) is enhanced

 Cross-section proportional to tan?p
* Branching ratio: bb~90%, 1t~10%
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NN, summed over all Types

Events

10?

Neutral MSSM Higgs — 7,

» Main backgrounds: Z—tt (irreducible), W+jets,

Z —ee,uu, multijet, di-boson
» DO (u channel only): Selection:

» only one isolated u separated from
the hadronic 1t with opposite sign
» set of NNs to discriminate t from jets

» cut on My (visible) < 20 GeV
removes most of the remaining W
boson backgr.

» Optimized NNs to separate signal
from background

D2 Preliminary, 1.0 fb’

Thad

» CDF (e, u. e+u channels): Selection:

-

1T channel

T

isolated e or u separated from the
hadronic t with opposite sign

variable-size cone algorithm for <
discrimination

jet background suppressed by requiring:

| o} |+ b |+| E; > 55 GeV

remove most of the W background by a
requirement on the relative directions of
the visible t decay products and £

1T + T T channels
e h w h

100
Di-Boson

i

10

10

CDF Preliminary, L=1,8fb".

1000 CDF Preliminary, L=1.8fb""

100 rn,.,-ill-'ﬂ Gy
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D® Run II Preliminary

(h/H, A)—>bb swamped by QCD background s : 0.9 T
* Look for associated b production 700 i i Fon
[’""; Al bckg from data
. _ . 500 ; } Signal (mA=120, tanf3=60
Require at least 3 b-tagged jets P o bekg from dafassignal
300F
: . TR Events with >=3
Signal: 200 &*k %:: tagged jets
* Invariant mass of leading jets is ngﬁ‘ '
0k Lol b T
peaked at m, 050 100 150 200 250 300 350 400 450 500

Inv. mass of leading jets (GeV)
CDF Preliminary, L=1 b’
bbb
bhx
beh

] bgb
I'I'IH=‘| 50

Backgrounds (determined from data):

* Shape based on the double
b-tagged data sample

e Corrected for kinematic bias
from the 3™ b-tag

events/(15 GeV/c?)
1] L]
&)} o
=] =]

100 200 300
2
m,, (GeV/c?)
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344 pb? (update in progress!)

Best S/B of all three MSSM analyses, but lowest cross-section x BR

Select tt(—u) events, normalize to Z—7tt peak
Require >=1 b-tagged jet, with p.>15 GeV

Multijet (QCD) background measured using like-sign data

(for Mg = 120 GeV and tand = 80)

single-n-like © rho-like t 3-prong 1
Bignal Aceept. (%) 0.15 = [0.03 087 +=0.11 0.30 £ 0.04
Expected Signal 0.6 =01 3.5 =05 1.2+0.2
QCD 0.62 £ 0.22 0.51 = 0.14 1.45 £0.18
Z+jet 0.34 =+ 0.09 1.6 +=0.3 0.35 =0.10
3 {di-1) 0.18 =+ 0.03 0.50 =011 0.00%7 = 0.0013
t {[+jet) 0 0.008 £ 0.008 0.15 +£0.04
Wi 0.005 £ 0.003 0.05 +=0.02 0.40 £ 0.14
Total Background 1.2 £0.2 26 0.3 2502
Observed 0 1 2
Andy Haas
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40
95% CL Exclugion no mixing
e 100 (10fY) ] 4
2 M COF (18f07)

Tevatron Preliminary | ak
MSSM Higgs »tt :‘
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m, (GeVic’)

Tevatron Preliminary _|
MSSM Higgs —11,
05% CL Exclusion
- D@ (1.0f7)
max M CDF (1.8 107
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150

M, [GeV]

bH—bbb

CDF Run Il Preliminary (980/pb)

expected limit
16 band
2¢ band
observed limit

SM-ike Higgs, width neglected
no loop effects: 6=20,tan”B, BR(A—bb)=0.9
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m, (GeV/c%)
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S—
N% DO Preliminary, 1.1 fb™ Eg%i:mev
Models with H++ 2 1ol .
. . 2 Cww
* Left-right symmetric 5 | S
models 'E g
e Higgs triplet 1oL §
o } \
e Little Higgs : \
102 i A
Analysis Overview . / N‘
. h____."m
e 1.1°fb 1075756100 150 200 250 300 350 400
. Mass (GeV/c?)
e 3 |J.'S with: DO Runll Preliminary, 1.1 fb"
P.>15 GeV g - -
|r]|<2'0 >t%02 —— Theory(L)
. . —— Theory(R)
* >=1 pu pair with: 7 DoRunlia obs.
M>30 GeV/c?; Result:
AD<2.5 rad H, > 127 GeV
Results S H, > 150 GeV
* Background: 3.1+0.5 0 2 E
e Data: 3 events wioow
S AT R B N R NI
80 100 120 140 160 180 200
M (GeV/c?)
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Could be large H—yy BR: “fermiophobic”

* Top-color models
 LED theories

e MSSM: H- bb suppressed by 1-loop
corrections

Select 2 isolated photons, E.>25 GeV

QCD jet fakes estimated using the
shower-shape correlations between

10°

—
(=]
[~

Events/5 GeV

== signal(M=130GeV)
D@, 2.27 5" preliminary

—

150 200 250

.........

100

i)

the 2 photons (“matrix method”) M, (GeV)
"*°F D@, 2.27 f6" preliminary
Also contributes to SM Higgs search! o F - Brpected Limit

|2 120 [ ]Expected Limit+ 1o

1S ook [ Expected Limit + 2 ¢
data 13827 : E sk
2/~ — ee 740.9 = 102.3 s
jet+jet 4778.6 = 1264.6 2 F
v+jet A4677.2 + 1245.8 & .

QCD ~~ 3400.5 = 711.0 E
total background|13597.2 4+ 2548.5 P00 i20 f30 40 150
SM Higgs mass (GeV)
Andy Haas
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* Associated 2
Fermiophobic Higgs »
pp—VV —hy—yw+x T \

pp — hfWi(Z) — v+ X \:\

* Analysis overview
e 1.1 fb1; DZero Run Il Preliminary, 1.1 fb”

P E— BR*s, LO
’ : 0.7 - RR*
e 2vy's with: E;>25 GeV, b IR
|r] | <1l.1, MW> 65 GeV 706 —— BR*09:€E/°:?L expected
. % —— BR*c®® *C- observed
* Two regions o Y] R SO N
e Signal: g;>35 GeV ©
. Control: qT<35 GeV ) et e —————
°® BaCkg rou nds W’ VJ ) JJ (1| e S PSS AL e
0.2 ................................................................................................................................................
° LE P: m y > 1 09 . 7 GeV 0.1 N M) S g f ...........
R e

m,,, GeV/c’®

(COLUMBIA [ JNIVERSITY Andy Haas

mm—m—= [N THE CITY OF NEW YORK MOI’iOHd EW 2008 Shde 10



Results from the first 1-2/fb of data MSSM Higgs bosons
show very promising sensitivity bbo(- bb), ¢ =h, H,A
100F DO
Expect up to 6 fbl by 2009 i A T Nomiing
P P y % gg? | ] Max. mixing
’3:3& et s . 1fp—!
Exclude € -' ey | i
e up to m,~250 GeV for high tanp = dof. 2 i e BEECE e .
HE
« down to tan~20 for low m, RN 77 o
R R PSRttt il Do
140 Each,
Combined

Or make a discovery!

No-mixing,L <0

of- | D& $—1t Projection
ol B AnalysedL = 1361b™
o B Ler

M, (GeV) M, (GeV)

100
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CDF and D@ experiments in Runll

» Both detectors are highly upgraded in Runl|
» New silicon micro-vertex tracker

Forward Mini-drift

: e Forward Scintillator
» New tracking system chambers [ Centat scmitator] | y |
T o ff
» Upgraded muon chambers W

] | - |
| : | F & [H I
- | | L
} 2 i i )
= m e S
Bpim T fpe s E e | i E | ST R
P - s s | afl 1] Je R
H 1L {ILEH H | [S | 1| | .
e Coryriry i1 i SIS {
S R R S Ty e R P TR TR R i

New Solenoid, Tracking System | | , . . , | , | , . . . |
5i, SciFi,Preshowers ; s

+ New Electronics, Trig, DAQ

swaraist |\ » D@: new solenoid, new pre-
w—r Muon nhgrﬁb;m'scintillaturs showers, L& for SMT in Runllb,

» CDF: new Plug Calorimeters, new TOF new L1Cal trigger
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+ Tau = narrow isolated jet with low track and =° multiplicity

« Taus decay inside detector: f-\l)
— BR(t—e/u+w) ~17% EM
— BR(t—hadrons+v) ~65% TracV /

(Typel) (2) (3) (QCD—Jet)

+ D@ uses one Neural Network per tau type to discriminate taus from jets

tau type 1: isoiation [ 7= Simuation | [ o type 1: NN output | [ 7 simutaticn
Z 20 § ool
0 Tau Monte Carlo

— QCD

i = QCD
anf

0 road Tau Monte Carlo
BGND (from data)

1 BGND (from data)

E .

-E. IEIIIE!!!EE!E!!!E!!!

o IR} Lz a3 04 a5 26 or o8

=2

'.1 a2 0.3 o a5 [ 1] aT nE [ K] 1

o4
iecdatian HN output

COLUMB[A UN IVERSITY Andy Haas

== [N THE CITY OF NEW YORK Moriond EW 2008 Slide 14



h-Jat Efficiency (%)

Vertex Tagging
(transverse plane)

s T STIGHT

g - (eff=48%, fake=0.3%)
- -~ 30|/ :

. - [ [ Py=15and b= =25 | |
(Signed) Track AR TS O P e P PR T
Impact Parameter (dca) PRI R A e Rate ()

Hard Scatter *
Combine in Neural Network:
* vertex mass
- i * vertex number of tracks
Several mature algorithms used: e yertex dacay length significance
3 main categories: * chi2/DOF of vertex
. * number of vertices
) SGft-|EptDI‘I tagging * two methods of combined track
- Impact Parameter based impact parameter significances
- Secondary Vertex reconstruction
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Fermiophobic Higgs — 37 + X

» In various extensions of the SM (also [ Observed 3/.X Events and Expected SW Background | . 7y:p.026:0.002
MSSM) the coupling of h might be % 1o D@ Run 2a Preliminary, 0.83 fb"_ E’ Eg’?}iﬂng
suppressed to Fermions G F .y o Daas

» Search for the channel: g E 4 : I

pp>h H* > h h W= > yyy(y)+X "}

,m-rg_. S ' e .. T8 o DLt

» Good photon identification is crucial : s L4

p Cuts: 3y within |n|<1.1 v e
E-12a530, 20 15.GeV 100203050 50 100 1™ 140 760 180

m, , GeVic®

» Backgrounds: Jets or electrons .

i 5 : _ D3 Run 2a Preliminary, 0.83 fb
misidentified as y and direct 3y prod. g | N
—— Tan|i=

» Background is estimated from data with ™= ;52 TS
efficiencies &, P(j—v), P(e—v) £ | I )

N, (MC) x | &
3y prod.: N¥ =" "2 N _(Data)* o 10 | %
i p JM‘__{EH-C:I' ( :I' p E { [—— 2 | .1‘-._\‘ |
2 ; - 15 GV e T

» Cutonp;” >25GeV gives 1.1 events in 5 ey A

background and 0 in data c 'H. . W |
S L 0/ i 24 30 40 50 60 70 80 9
» Upperlimit: o =25.3 fD (95%CL) myy [GeV]
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