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Stalking the Higgs

Lower mass bound from direct

searches at LEP: New precision measurements on the
114 4 GeV @ 95%CL top and W mass from the Tevatron
. 6 March 2003 m .= 1'63 GeV
. 1 (5)
The SM relates my, m:, mw via 54 WAL oo e |
radiative corrections: - -
t 4 . T hees incl. low Q< data —1
= 3- i
b H <]
H )

W/Z ~bnin W/Z W/Z ~n i W/Z 2- .
Indirect constraints on the Higgs - )
boson mass from global EW fits: | . |

0 Excluded o /o Preliminary
o T T ! T ! ' !

m, [GeV]
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Stalking the Higgs

Lower mass bound from direct

searches at LEP: New precision measurements on the
114 .4 GeV @ 95%CL top and W mass from the Tevatron
. 6 March 2003 m .= 1'63 GeV
. 1 (5)
The SM relates my, m¢, mw via 5 WAL oo e |
radiative corrections: e N 012
t 4 - ; -+ incl. low Q° data -
x 3 |
b H <]
H )

W/Z ~Finn WL W/Z ~nninnn W/Z 2 .
Indirect constraints on the Higgs - |
boson mass from global EW fits: 1 _ , |

0 Excluded o /o Preliminary
o T T T T T T

A light Higgs boson might be around m,, [GeV]

the corner (if the SM is correct)!
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Tevatron collider in Run |l

gla xgmnl LOHI

WANTED

MR MASYE PROSLEME

e —— g i

.-Pm. DO
S

Tevatron

s

— s

. .

y “ ‘
a0 - A
& 2 > ~ |
V/ r -
) )"" b pli == _ 0= - PETER JGCS
X ;- . . ~- l

p source . S
/ Main Injector sl aM HEWAH
, i & Recycler
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Data set

Tevatron delivers a data set equal to Run | (~100 pb') every 2 weeks
+ Well understood detectors with data taking efficiencies of ~90%

w Run Il Integrated Luminosity | 19 April 2002 19 April 2009 |
6.5
6.0
5.5 r::] //
" e—| Upto4.2fb" of data anal d\| L_J/'/
| p 10 4. ~' Ol dala analyse /
:: | (after data quality requirements) ) Va4
g 3.5 _/.f/;/ r5.72 B
VisyZai
§ 25 //,/
20 [j//
1.5 /."__/
1.0 L] ol — Delivered
0.5 L — Recorded
00 1 1 |

t
Apr- Aug- Dec- Apr- Aug- Dec- Apr- Aug- Dec- Apr- Aug- Dec- Apr- Aug- Dec- Apr- Aug- Dec- Apr- Aug- De
02 02 02 03 03 03 04 04 04 05 05 05 06 06 06 07 07 07

" Similar for CDF
Expected to ~double this data set by the end of Runll
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Tevatron performance

More data with higher instantaneous luminosities

Collider Run Il Peak Luminosity
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=
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X - |
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Q
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5 00E+31 5.00E+31
0.00E+00 0.00E+00

08
08 4
0

0

07/0
10/0

4 Peak Luminosity = ®Peak Lum 20x Average
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Challenges with high luminosity

A zero bias event @ 60E30 cm?s™! ... and @ 240E30 cm?s™!

LHC : L=2 x 10¥ cm?s™! <Nint.>= 3.5
TEV : L=3 x 10*? cm?s™! <Nint.>= 10.3
LHC : L=1x 10* cm?s! <Nint.>=17.3

Average number of interactions: 0.18

LHC: initial “low” lumi run
(L=2000E30 cm?s1): <N>=3.5 ot

o
=a
[=2)
NN III]III]III]IIIIIIIII[I'

TeV: (L=300E30 Cm28‘1): <N>=10 0.06—1 - L N - S . WU WU .

-\ 11 - bd b L I | ——— Ll i Lol l Rl lonl l - ) I - W
O0 5 10 15 20 25 30 35 40 45 50
Number of Interactions
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Challenges with high luminosity

A zero bias event @ 60E30 cm?s™! ... and @ 240E30 cm?s™!

4 A
To cope with high luminosities:

New techniques to improve calibration

Average number of interactions:

LHC: initial “low” lumi run
(L=2000E30 cm?s'): <N>=3.5 | Improve / redesign algorithms for
electron, photon, jet, tau and missing
TeV: (L=300E30 cm?s): <N>=10 \transverse momentum reconstruction)
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Higgs production at the Tevatron

Events
-1 with 1 for"
- Total inelastic
3, 1.4 x 10"
c 10
S rmb
g 10" 1 -
" bb 1x 10
8
Y 10° -1tb
10-8 w 6 x 108
-nb Z 6 x 105
10" )
1 t 14,000
10 pb\
14 ~1007?
10 Higgs (ZH + WH
-fb
10"
100 120 140 160 180 200
Higgs mass (GeV)/c2

only one in ~10"? events
will be a Higgs boson
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Higgs production at the Tevatron

Events
~ 1 with 1 fb!
< Total inelastic
3 P 1.4 x 10
~10 £ CDFRunll,L=32f"
S b o 10°} @ B Single Top
= -m w i W+HF
5 4 - 10° | 5 { It
n 10 bb 1x 1011 L QCD+Mistag
o Other
3 6 —— Data
10 Fub
W I
]0'8 6 x 10° 0 02 04 06 08 1
Super Discriminant
—10- no Z 6x10° 2 500 1 Data ¢
10 g L D@ 2.3fb th+ tqb w
’[;[ . 400+ W+jetts;_ :
-12 44,000 g | Multijets
10 b i 300 75
[ 50
200~
]0_14 1 f ~100? I ¢ 2;6 0.7 0.8 09’ .1
Higgs (ZH + WH) co T
1 0-16 02 04 06 08 1
100 120 140 160 180 200 Combination Output
Higgs mass (GeV)/c2

only one in ~10"? events
will be a Higgs boson
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Higgs production at the Tevatron

Events
— with 1 fb-!
- Total inelastic 4% 10%
210 1.0f Ao=196Tev E
% . mb (pb) gg—H 4 \q'_ ]
§ 10" bb 1 x 107"
0
Y 10° -1tb
16 W 6 x 106
b 7 6 x 105
10" ) 100 120 140 160 180 200
tt 14.000 my (GeV/c2)
' R ~100? Higgs production cross sections are
iggs (ZH + W . .
e 99 small: 0.1-1 pb depending on mu
1090020 140 160 180 200 . . .
Higgs mass (GeV)/c2 Dominant production mode is
gluon fusion

only one in ~10"? events
will be a Higgs boson
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Higgs decays

135 GeV

T T T

-
......
-~
e
~

BR for SM Higgs

T B —— L —
50 100 200 500 1000

Higgs Mass  (GeV)
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Search strategy at the Tevatron

135 GeV

-
......
-~
s
~

BR for SM Higgs

A

50 100 200 500 1000
Higgs Mass  (GeV)

Investigate different production mechanisms
and a large number of final states

— Focus on the main search channels in this
talk
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Search strategy at the Tevatron

135 GeV
1 — .

&
oo N
T 9 |
= ¢
z W v
= i
s T
= g

\_ ),

105 .,.100 ‘ ‘260 500 1000
Higgs Mass  (GeV)
4 N
my > 135 GeV:

gg—H production with decay
\to WW

J
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Search strategy at the Tevatron

135 GeV

\_

Associated production WH

and ZH with H—bb decay y

Krisztian Peters

_b 1
A ~
T — // A e
50 100 200 500 1000
Higgs Mass  (GeV)
4 ) 4
mu < 135 GeV: mu > 135 GeV:

\to WW

gg—H production with decay

~

J

Searching for the Higgs at the Tevatron

14



Searches for a low mass Higgs

Krisztian Peters

-

-

\_

my < 135 GeV:

Associated production WH
and ZH with H—Dbb decay y

Searching for the Higgs at the Tevatron
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Main low mass search channels

MET+I+bb: WH — [vbb
Largest VH production cross section
More backgrounds than ZH — [lbb

I+bb: ZH — [Ibb
Less backgrounds
Fully constrained
Smallest Higgs signal

MET+bb: ZH — vvbb
3x more signal than ZH — [ibb
(+WH — lvbb when lepton missing)

Large backgrounds which are
B difficult to handle

Krisztian Peters Searching for the Higgs at the Tevatron 16



Signal and backgrounds

Experimental signature:

/ Two high prjets,
~ acoplanar, b-tagged

T
Main backgrounds:
- Physics (from MCs): W/Z+jets, diboson, tt and single top
- Instrumental (from Data): Multijet events with mismeasured missing E; or jets
faking leptons

= Constrain and test background modelling in sideband regions

Krisztian Peters Searching for the Higgs at the Tevatron 17



Searches for low mass Higgs

A three step approach
Example: ZH — vvbb

N 2 high prtb-jets

First step: select events consistent with W/Z and 2 jets

d1a
o
—w

X
Io - 1 1 T 1 I T T Ll 1 I T 1 1 1 H 1 1 1 T I 1 1 1 T I 1 T 1 1 l Ll T Ll 1 -
. 3 D@ preliminary (2.1 fb’ - —
s °F Dopr ry 21107) bt -
o [ Ty - .
) - Z+blcets ]
ch ST zejetsi) ]
> B Wib/c-jets T
L - Wejets(lf.) s ]
2— Diboson ]
C I Multijet i
L —— Hx500 (115 GeV] .
1.5— ; g
- W+ijets .
1= . —
n Signal x500 =
0.5 —_— =
- — - -

25 3 3.5
min A¢(Jets, ET)
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Searches for low mass Higgs
Second step: b-tagging

» Exploit B meson lifetime, mass, fragmentation and
decay modes to separate b from light-quark jets

secondary vertex | DO NN Tagger ‘

tracks impact parameter + Run lla Preliminary

- g 80: J Run 11b Preliminary
- vertex track multiplicity g | ]
s |
- soft leptons 2 | /
Loose ---go---%1
Jet ‘
Displaced tracks Tight --- 50;_7, Similar
- " i for CDF
Decay lifetime OF 404
Lxy L /; Secondary vertex ‘ P >15and 0<ff<25 |
Primary vertex . =/ 0 T2 4 6 8 10 12
O / fake-rate (%)
=/
do
Prompt tracks » Use neural networks for optimal

combination of tagging information
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Searches for low mass Higgs
After b-tagging

Backgrounds dominated by: W/Z+bb and top

Most discriminating quantity: dijet invariant mass

Krisztian Peters

Events / 12.00 GeV

60

50

40

30

20

10

rTTr1r1rr1r1r]y rrrr T rTT T T TT T T T T T T T
I I I I I l

100

" D@ preliminary (2.1 fb") -

150

— Data

I Top
Z+bic-jets

0 Z+jets(L.f.)
W+b/c-jets
W+jets(L.f.)
Diboson

I Multijet

— Hx10 (115 GeV)

llllllllllllllllllllllllllll

250 300
DiJet Invariant Mass (GeV)
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Searches for low mass Higgs

Third step: Optimise separation power with multivariate
discrimination

Most common techniques:

Neural Network, Decision Tree and Matrix Element
- Exploit information from several final state variables and correlations among them

DeC|S|on Tree dlscrlmlnant

lﬂ [T | T I LELEN B LI UL

= - DQ prellmmary (0 9 fb )_

o 30— — Data
; N B Top :
E - Z+bic-jets -
) - Z+jets{lf) ]
> 25 = W+dlc-jets -
w - Weets(l.1) 7]
N Diboson -1
20 — I Multijet ]
™ w— \VHx25 (115 GeV) -
15[ *Jr =
1o = 3
5F =
: | T_l_l‘"_f_i Load l Lolod 1:
0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 09 1

DT discriminant
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Control regions

Understand modelling of main backgrounds in control regions:
Example: ZH — vvbb

- Multijet enhanced: MET aligned with jets
- EW,\top enhanced: require isolated lepton

Dijet Invariant Mass, CR1, ST+ Dijet Invariant Mass, CR2, ST+ST

_ CDF Run Il Prelimi COF Bun Il Braflminary. 2.1 5"
- —@— Data 24 — —@— Data
70— ) E
C . Muktjt E . Mt
C -T“P"s E .Tc\p Pair
60 C -Sirgb ® ﬂ e -Sirglerop
- Dioso E v Dioson
= 2z V7
50 :— Y vesans
401 .
C M U ItlJ et C R Dijet Invariant Mass, Signal Region, ST+ST
300 _ CDF Run Il Preliminary, 2.1 fb"
~ - —@— Data
E 22 :_ . Muktijet
20 205 [ [
L C -Sirglerop
10f 18- .
a 16~ ZWH F.
[ v E 7/, Background
- nl SO 14 VIS
100 200 300 400 500 600 700 50 100 150 200 250 300 350 400 : !
M, (GeV) M, (GeV) 120

100

Once control regions well understood, _— . |
“open the box” perform search in signal region ¥ _.lm . |

C m I A | A
50 100 150 200 250 300 350 400 450
M, (GeV)
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Signal acceptance

Electron ¢

Increase signal acceptance with
looser lepton identification criteria

Example: ZH — [lbb

- Selection of lepton pairs consistent
with Z mass gives handle against
backgrounds

e 3
Electronn

Lepton+track selection

=3 3 ]
2 [Centra Muon | D@: electrons in inter-cryostat
1 kChamber Extensionﬂ reglon
ot CDF: MIP’s without hit in muon
-1 — chambers
-2 L :‘ [ [ [
3l Bhen ; Up to 15-30% increase in signal
-3 - -1 2 3 '
b ; yields
Forward MIP Central MIP Track in Crack

Searching for the Higgs at the Tevatron 23

Krisztian Peters



Dijet mass resolution (1)

w Jet
Example: ZH — [Ibb fully reconstructed, no
intrinsic missing Et
= use constraints to improve di-jet mass
resolution W Jet

Gives up to ~10% improvement in the limits

+— Data
% . DO Run Il Preliminary (3.1 fb') 5 & F DO Run Il Preliminary (3.1 f6') 1: ,}f
- o ~ b M, =115 Gev | I Tog
o 3% M, =115 GeV 9 Bp B Diboson
€ € : Mulfiet
g 2 g 0 uig|e
— ZH x100
W . . LYo '
kinematic fit_
2 >

0 20 40 60 80 100 120 140 160 180 200 % 20 40 60 80 100 120 140 160 180 200
M, [GeV] M; [GeV]
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Dijet mass resolution (Il)

w Jet
Example: ZH — [Ibb fully reconstructed, no
intrinsic missing Et
= use constraints to improve di-jet mass .
resolution W Jet
Gives up to ~10% improvement in the limits
different cone SR
algorithms o
]et\ndth
] Example: ZH — vvbb (CDF)
/ ‘ ; Improve dijet mass resolution with
\ improved information from the tracker

|et

\ ;“‘/
presho“ er ’7/’( .\‘:\Il W
//i\y,m

<

\ track/e

\’l‘\

Up to ~10% improvement in the limits

\

|
|
|
|

Lot of efforts ongoing to achieve further
def'mlt mass resolution improvements

jet
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Maximise benefit from S/B variations

Split data into several sub-samples with different S/B to increase
sensitivity
- Tight/loose lepton definitions

- Number of jets
- Number of tagged jets

- b-tagging operating point
= Different sample compositions increase multivariate discrimination
Example: WH — lvbb

P

% 50 100 150 200 250 300 350 400
DiJet Mass (GeV)

Krisztian Peters

P

DiJet Mass (GeV)

Searching for the Higgs at the Tevatron

T~

9 700 . @ F _ F
c [ L=27fb" w c [ L=27fb" w % C L=271fb" W + 3jets / 2b-tag
o - _ o 90— . 80 - =<
3 0o D@ Preliminary S Daier Z D@ Preliminary ® Daie S L' D@ Preliminary .
- CIW +jets 80F (W +jets w 70 W +jets
Bl multjet E Bl muttjet u Bl et
500 I 70 Wi 60:— T
W' ; Oweb = Ewob C [ web
400 JJ Eother 60 Eother 50:_ Motrer
- Owxx 10 sob Owhx 10 E Owxx 10
300~ aoF- Wbb 40
200" 30 o
201 20
100 F -
10:— 10
(b 50 100 150 200 250 300 350 400

% 50 100 150 200 250 300 350 400

DiJet Mass (GeV)
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Multivariate techniques

Final _dlscrlmlnatlon with multivariate Example: ZH —> llbb
techniques

- Boosted decision trees

- Neural Networks

- Matrix Element Likelihood

= Combination of several methods for further

2D NN output for ZH

sensitivity increase o
Z+Jets
Example: WH — [vbb
L -1 [ WH(115) P WH (m = 115 Gev) (x 10)|
CDF Run Il Preliminary 2.7 fb vight CDF Run Il Preliminary, L = 2.7 fo Wabb
‘2 g Weeham [ Wscham g F ~2Tag = m.cc. Wi
g) 10 | W+LF L [@Non-w o 102 TapJJ
w 5 - g’&,son [WDicoson u>J E Othe
5 10 Zijets w ool || ETT T T T ] mzees B —— Data
. Non-W - [t
5 10° —— WH (110 GeV) (x 20) 5 nle-top 105‘* *M }
—s— Data op_pair E N 4
'g " Background Error > ata L *:-i T‘ | 1
é 10 L — WH(115)x1 1 4u- .J:U-LL:‘L[ H
% z ) F el L‘”J’?Qf-"'”"“:] z
o 3 “ 10 bk 3
g :
© 12 2| -\- g
(&) ol 102 %
_g F y %
g 107 g
v bt b b Pl b b b b b e b By . Euu\uul I N N B SO A P A |
0 01 02 03 04 05 06 07 08 09 . . 0 0102 03 04 05 06 0.7 08 09 1
Neural Network Output (M=110) ME+BDT 2tag NN Output

Typical sensitivity gain compared to single variable is 15-20%
Additional sensitivity gains from smart combinations typically 5-10%
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Final states with taus

Increase overall sensitivity with additional channels

H — tt1: second largest BR in low mass region

Example: zzjj final state. Sensitive to ZH (Z — tt, H — bb),
VH (V — jj, H — t1) and vector boson/gluon fusion with H — 77
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Final states with taus

Increase overall sensitivity with additional channels

H — 17 second largest BR in low mass region

Example: zzjj final state. Sensitive to ZH (Z — tt, H — bb),
VH (V — jj, H — t1) and vector boson/gluon fusion with H — 77

Combination of several NNs trained for different backgrounds and signals

KS prob = 68.4% CDF Run Il Preliminary

-
(=]

—=— Observed (L =2.0 fb™)
[ 7] Jet > 1 (QCD+Wijets)
10° [ Top
Diboson/Z — Il

""" i [ Z— v +jets TT]]
Higgs(M =120)x30

c) D@1 fb’

Events
—r
F =Y
|

[y
N
T

TT]j

[y
o

Entries per 0.05

_l_
_+_
_'__
_|_

%

6 08 1
NN output

0 01 02 03 04 05 06 07 08 09 1 -
Min(NN(Sig __Z),NN(Sig Top),NN(Sig _QCD)) 0 02 04 O

9-10% additional sensitivity from tau final states

Krisztian Peters Searching for the Higgs at the Tevatron



Individual low mass results

Limits on individual channels a factor of 5-10 away from SM cross section
at mp=115 GeV

- Combination of all contributing channels crucial

Limits for WH Combination CDF Run Il Preliminary 2.7 fb™
= T § [ os+oree
z DG, L=2.7 tb 'E 10 [ ]eeworee
£ WH=s Ivbb; 243 Jei : = <22 Mocan Bxoct W o g
] 3
<Cid o serve ombination
Single channel = 2 o aro
. . . o S P T o
limit example: 10
...... 10
. = Observed Limit
WH — lvbb e At S ST Expected Limit
.E
1021'"'105'"'116'"115'"'126"'125'"'136'"135'"'146"'145'"'1250 1™ 900 70 1200 130 140
m,, (GeV/c?) Higgs Mass (GeV/c?)

Main systematic uncertainties for low mass channels:
- Signal (total 15%): cross section, b-tagging, ID efficiencies

- Background (total 25-30%): normalisation of W/Z+jets heavy flavour samples,
modelling of multijet and W/Z+jets background, b-tagging

At high discriminant values S/B typically 1/10 - 1/20 for the most sensitive
low mass channels
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Searches for a high mass Higgs

—nl h

]

I

I

1

I

1

i
ﬁ

4 )

my > 135 GeV:

gg—H production with decay
\to WW

J
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H+X — [*[-+ missing ET

Dominant decay for g
mu>135 GeV: H—=W*W

Clean environment can take

I'I-

advantage of gg — H production r
Signal contribution also from -
W/Z+H, ggH production "’

Backgrounds: Drell-Yan production, diboson, tt, W+jets/y , multijet

LI L B L LI L B B

173 2} E' T T T
@ 5 c . ——
£ 10 D@ Preliminary R S 10°E D@ Preliminary — | =
s Runll, 4.2 fb™ ® E Runll, 4.21b™ 3
10 Ho WW - ee - A =
= 3
10° E 3 |:|Dibo
102 105_ _E |:|W+jets/y
10 1; |:|mumjet
1 E D
— tthar
y 107
10 e (H+X) X 10 MH=165
PR YN T O T T S I N S Y
0 20 40 60 80 100 120 140 160 180 200

T R P
0 20 40 60 80 100 120 140 160 180 200
Minv [GeV] Minv [GeV]
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H+X — [*[-+ missing ET

. CDF Run Il Preliminary JL:s.a i’
Dominant background of Drell-Yan 3 oo 0510 s
production reduced with cuts on \f\_ S
missing E1 and its significance e o

/

oA A" or Cut at 25 (15 for ep)
H- WW - ee Dbe ol already applled
B :
- A T
4l |:|m ‘‘‘‘‘‘‘
n D ‘‘‘‘‘
0202060 80 100 120 140 160 _'180"200_( | o Ad)(lvl) .
ET**[GeV] CDF Run Il Preliminary IL:a.s i
S [O0SO0dJets e
$100[ M, = 160 GeV/c? i
Spin correlation gives main discrimination g | +'gz
against irreducible background from non- “F wWw ow
resonant SM W pair production > 80
- Signal
R W+ L N
1 > > > "
(—(}::— < —<a—
W- e % s 15 2 25

Krisztian Peters
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H+X — [*[-+ missing ET

C D@ Preliminary, L=3.0-4.2 ft'
140 —

. L. N —+-Data
To increase sensitivity: % PoE L ass Sgnal (47165 GeV)
100:_ I Diboson

Events / 0.05

. . . E 0 W+jets
D@: Split the samples according S Foprimmy s Bz Zoom
to lepton flavour and combine 3 UF i
result i "F
100 B ‘
Neural Network Wlth 11 klnematlc 103%_ | 85 055 06 065 07 075 08 085 0.9N1\?.(9)5uput1
and topological input variables s
CDF Run Il Preliminary L=361b" NN Ouput
8 [0S0 Jets, High S/B w
© - ?_MH = 165 GeV/c? =tvf\;
E Eone o, CDF: Split samples into jet multiplicity
1]

-
o

= Ty """ﬁ'i.' g
L i

and lepton ID criteria: different signal
ll and background composition

10" Veto events with tight b-tagged jet
102 I Neural Network with additional ME
08 06 04 02 0 02 04 Iois;\.;,,‘[éit,;,; input for the O-jet NN
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Systematic uncertainties

Main systematic uncertainties:

i - Signal (total 10%): cross section, lepton ID/
trigger

- Background (total 13%): cross sections,
jet—lepton fake rate, jet ID/resolution/calibration

o 0

fractional uncertainty
(=] (=] (=]
o
IIII IIIIIIII]IIIIIII

, 9
o

& & &
(=] ' ~N
LYY JLLEY LB

=]
IIIIIIIIIIIlI ‘
IIllIIIIIIIIlIIIIIlllIIIlIIIlIIIII

i
4
@

T Systematic uncertainties change rate and shape of
B S R X S X X R R R

AN the signal and background predictions
Change of NN when p(WW) changes

. . § %0 E_ —+4- Data - Background
SM signal expectation and data 3 ¢ I Higgs Signal (M =165 GeV)
. = 60
after background subtraction s o — — +1 5.d. on Background
Constrained total systematic :}J’ + ‘l’
uncertainty 0

TT §

e,
R

Expected 165 GeV SM Higgs
signal would be visible over
background uncertainty

D@ Preliminary, L=3.0-4.2 fb'

o
=]
III|III

o0
-~
L
b |
O_
rof
S
WL
oL
Ny
oF
o[
of
af
ok
oo
=k
of
_F
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H+X — [*[-+ missing ET

Exclusion limits per experiment:

I L=36%"

------- OS All Jets Expected
——— OS All Jets Observed =
I OS All Jets + 1o
b, ] OS All Jets + 20

h.+ ME] m— (hserved. Limit 102 |-
L=3.04.2fB | e Expected Limit
. Expecled t1-0
: Expec

gDi]enm
WIDQ Preliminary

Limit / SM

95% C.L ./,
a

R is?lwlﬂ '332;,?;"’ e ik T4 ik 1% iss .1?:9;' n;so(c:s&) 200
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Exp(Obs): 1.7(1.3) X Osm Exp(Obs): 1.4(1.5) X osm

At high Neural Network values S/B at the order of 1

With additional luminosity and improvements (e.g. additional channels)
expect single experiment exclusion around my = 165 GeV in the near future
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Limit setting

Full combination of all channels from CDF and DQ for best sensitivity
- Combining more than 30 different channels per experiment
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More than 50 different sources of systematic uncertainties are considered, and
constrained in sidebands

Use different techniques to cross check calculations (Bayesian, modified
frequentist) — Results agree within 5%
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Combined Tevatron limits

Tevatron Run Il Preliminary, L=0.9-4.2 fb™

Krisztian Peters
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Combined Tevatron limits

Tevatron Run Il Prellmlnary, L=0.9-4.2 fb™

% | ‘ ,,,,, B ,‘Tevatron‘ )
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The Tevatron experiments reached sensitivity to the SM Higgs boson
around the mass region of 160-170 GeV. First direct exclusion since LEP!

At mi=115 GeV Exp(Obs): 2.4(2.5) X Gsm

Effective luminosity for current analyses in CDF+D@d combination at the low
mass region: 2.55 fb-’
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SUSY Higgs sector

2 Higgs doublets and 5 physical Higgs bosons SM Higs production crosssections

VVVVVVVVVVVVVVVV T T T

- 3 Neutral (A,H,h)—¢ and two charged H* amffa_\ o
Coupling of neutral Higgs to b-quarks enhanced by tang
- Large cross-sections for Higgs production at high tanf

Neutral MSSM Higgs decay: et oves==

- bb ~ 90% (Large backgrounds) eV
- 77 ~ 10% (More distinct signature)

10 qq —>Zh

MSSM Higgs Production cross sections
—— e B R . —3
F  Tevatron, Vs = 1.96 TeV —h 3
w1

— A =

Main search channels at the Tevatron:
- Associated production with b(b) with ¢ — bb,rt
- Enhanced gluon fusion cross section: gg — ¢ — 17

® production cross section [fb]

g

1 PR A . i L L L L
@ 100 150 200 250
M, [GeV]
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SUSY Higgs searches

Visible mass or dijet invariant mass most discriminating quantity

Interpretation within MSSM: limits on tanfB as a function of ma

- In the region 90 < ma< 200 GeV, tanf3 values down to 40 are excluded for the no-
mixing and the my™@* benchmark scenarios

gg — ¢ — 17 bd — b — bbb
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+ Many other BSM searches not presented here...
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Conclusions

The Tevatron experiments have achieved sensitivity to the SM Higgs boson
production cross section

- Started to exclude the Higgs at LHC’s most sensitive mass region (~160 GeV),
reach of sensitivity will be expanded greatly

- Higgs mass range below ~130 GeV difficult also for the LHC experiments and the
decay to bb will provide complementary information to LHC results

With additional improvements and luminosity will be sensitive for the Higgs
over the entire mass range preferred by EW fits
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= \ery exiting times ahead at the Tevatron in the next 1-2 years!
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Backup slides
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Tevatron sensitivity at my = 165 GeV

Tevatron Run II Preliminary, L=1.1-4.2 fb™
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Cross section calculations

Using up-to-date cross section calculations (arXiv:hep-
ph/0607308 except where noted):

* gg—H: NNLL QCD, b quark contribution at NLO, 2 loop ewk
corrections, changed since last Summer (arXiv:0901.2427 [hep-
phl), newer PDF set, consistent choice of a_, 10% uncertainty

s +12% at M =100 GeV
s -8% atM =200 GeV
s -4% atM =170 GeV

* WH/ZH: NNLO in QCD, NLO ewk, 5% uncertainty
¢ Vector boson fusion: NLO QCD, 10% uncertainty

CDF and D@ using common values (and correlated
uncertainties) for cross sections of background processes: tt
and single top (10%), diboson production (6%)

W/Z+jets(heavy flavour): considered uncorrelated
(constrainted from data)

Multijet background: estimated from data (uncorrelated)
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Decision Trees

Idea: recover events that fail

criteria in cut-based analysis

o Start with all events (first
node)

@ For each variable, find the
splitting value with best
separation between children
(best cut).

@ select best variable and cut
and produce Failed and
Passed branches

@ Repeat recursively on each
node

@ Stop when improvement stops
or when too few events left.
Terminal node = leaf.
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Matrix elements

@ Use the 4-vectors of all reconstructed leptons and jets

@ Use matrix elements of main signal and background diagrams to

compute an event probability density for signal and background
hypotheses.

@ Goal: calculate a discriminant:

P.Sf nal’(‘;‘:)
Ds(X) = P(SIX) = y
(X) ( |X) P.S'fgna-’(f) + PBackground(f)

@ Define Pgjgna as properly normalized differential cross section

— 1 = =
Pngnaf(x) — EdJS(x) s = IdUS(X)
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CDF and D@ experiments in Run |l

Two General-Purpose Detectors:

Forward Mini-drift
chambers

| | Forward Scintillator ‘

| Central Scintillator

Precision tracking
Hermetic calorimeter
Muon system

New Solenoid, Tracking System L L
Si, SciFi,Preshowers °

+ New Electronics, Trig, DAQ

VB S205

\

\
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! | s 4
[ 4 e ';i‘ Y

R

Both detectors are highly upgraded
in Run |

Pl '

e //_
.{lyﬁ

SVXII + ISL

Well understood, stable operation

cot Muon chambers/scintillators and eff|C|ent data tak|ng
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