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‘ What do we know about Higgs boson?

My is not predicted by the SM, experimental determination:

uly 2010
T

T
— LEP2 and Tevatron (prel.)

Direct LEP searches: 80.5 ~LEP1 and SLD

» my > 114 GeV/c? @ 95% CL

68% CL
EWK constraints: > ?;‘:’DSA_“P
» In myg o« AMw x M? O, 804 1733 ¢ 11 Gev ‘
z
s THAN 1S
W W W

150 175 200
Precision EWK fits (LEP+Tevatron):

» my < 186 GeV/c? @ 95% CL

e Tevatron searches
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Tevatron, CDF and D0

s Delivered
. * Acquired

5000

store number
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Low Mass High Mass
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High mass region, my >135 GeV /c?

@ Dominant decay to WW

o H — ZZ sub-dominant,

interesting with increased data sample.
] = = =
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H — WW final states

@ At a hadron collider it’s hard to exploit
the all-hadronic final state. (not yet done)

all hadronic

e At least a lepton (e,u) and/or F need to
be required to suppress QCD background

The most sensitive channel is (v/v,
» look for 2 high-pr leptons and Fp J

Additional contribution from:
e hadronic 7’s final states: fvTv

o semi-leptoni decay: fvjj
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‘ Background processes

o Drell-Yan: Z — ¢/ is the

—

S
o
T

. % S b DO 5.4 fb'l égﬁtg}:l syst.
dominant background, suppressed ICH: - — Signal
.. . . <104 |- Z+j
requiring significant £ =10 Sibiboson
@ J‘ [ W+jets
E 103§ [JMultijet
g1
=

After Drell-Yan suppression, the
other backgrounds are:

e Heavy Dibosons - WW, WZ, 7Z: modeled with PYTHIA

o W /Z+jets, with the jet faking a lepton:
data driven modeling at CDF, ALPGEN at DO

e W+, with v faking a lepton:
BAUR at CDF, PYTHIA at DO

e tt and single top: modeled with PYTHIA

All cross sections normalized to NLO calculations
] = = =
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‘ Final State Signature w

e Two opposite charge isolated leptons
e Significant amount of unbalanced transverse energy

o My, >16 GreV/C2 to reduce background from heavy flavor
» CDF analyzes separately My, <16 GeV/c? region

Need to distinguish the signal from uncorrelated WW production

CDF Run Il Preliminary [L=sow’

2 [osouJets e
S 1sofy, L N Example of i
The spin-0 Higgs boson lead to 2 b " Discriminating Variable =5
[ F oY
angular correlated W's i@ 190 I =
— the two leptons in the final state ok Signal
tend to have small opening angles sof- \ + ~—
cof- Background
. . o [
20—
.
4
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‘ Analysis strategy w

e Initial sample S/v/B ~ 0.6: a counting experiment is not enough!

e Both experiments uses Multivariate Analysis Techniques (MVA) to
enhance signal to background separation:

» Matrix Element calculation (ME), Neural Network (NN) and
Boosted Decision Trees (BDT).
» Multivariate discriminant for each analysis channel and my hypothesis.

@ Separate analysis into channels for specific optimization:

» CDF - by jet multiplicity: 0, 1 and 2 or more jets
» DO - by dilepton flavor: ee, ey, up

e Use kinematic control samples to check background modeling

e Validate search techniques by measuring SM processes cross section:
WW, Wz, 22
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CDF event selection

0 jets 1 jet 2 or more jets

CDF Run II Preliminary

JL

5.9 (b

CDF Run II Preliminary

JL

5.9 b~

CDF Run II Preliminary

[c-

5.9 !

My — 165 GeV /c?

My — 165 GeV/c?

My = 165 GeV/c?

143 223 + 066 tt 56 £ 11 [ 169+ 24]
DY 227 + 62 [DY 218 £ 19] DY 80 £ 31
[ww 563 £ 56| WW 151 + 18 WW 336 + 6.1
Wz 255 =+ 3.8 Wz 254 + 35 Wz 68 + 1.3
77 383 + 54 Z7Z 103 £ 1.5 77 3.10 £+ 0.57
Wtjets 215 + 51 Wjets T+ 20 Wjets 267 + 75
W~ 155 + 22 Wy 25.1 + 43 Wy 44 + 1.2
Total Background 1226 + 120 Total Background 563 + 69 Total Background 324+ 50
g9 —1 16.9 =+ 3.0) g9— H 80 =+ 24 99— H 26 + 1.8
WH 0410 + 0.070 WH 113+ 018 |WH 250 £ 035
ZH 0416 + 0.059 ZH 0439 + 0.066 |ZH 1.28 4+ 017
VBF 0.140 + 0.028 VBF 0.74 + 0.13 |[VBF 1.37 £+ 0.23
Total Signal 17.8 + 3.1 Total Signal 10.3 =+ 2.5 Total Signal 78 £ 20
Data 230 Data Data 307
08 0 Jets AlISB-208
CDF Run Il Preliminary Jusom' CDF Run Il Preliminary CDF Run Il Preliminary Juesonm
S Fosodets - 2 Fostlets 3 a0f OS2+ Jets
S M, = 160 GeV/c® - “‘m:m«cevm’ 4 M, = 160 GeV/c?
£ 160F 2 & sf
5" H S
@ 140 . @ 2 b
2
I




‘ Signal Extraction w

@ Use a Neural Network to extract the signal, optimization for each
subchannel:

> different dominant background
» different kinematic variable used
(e.g. lepton pr’s, angular distribution, global event properties)
e NN training for each sub-channel and for 19 considered my.

CDF Run Il Preliminary [Leson CDF Run Il Preliminary
& [0s0Jets, High /B . 8 ,.[os2:dets 2+ fets
S ool M, =165 GeVic? 0 jets S LM, =165 Gevic? J
2 r @ a0F
£, :
o 8o o
60|
wl
ot
0-1 -04 -0

NN Output

o(pp — H) limits extracted from discriminant Signal and Background
distributions.
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D0 main analyses

= -1 * Dat
E ¢ DO541b B.Ié:g?:l. syst. . 1
P e <« ee + py using 5.4 tb™
= X
é’ v Separately trained Neural Network, output
%z[“““'“ combined:
@ 12 topological and kinematic input
variables

002 04 06 08 1
NN Output

eu ch. extended to 6.7 fb~1  »

ep channel: S/vB ~0.7
Boosted Decision Tree used for Signal
extraction. — s ten

P
D@ Preliminary §°
L=5.61b"

ey + MET, 1 jet

Entries

-1
0 0102 03 04 05 06 0.7 0.8 0.9
BDT Output
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‘ Systematic uncertainties

CDF Run Il Preliminary [L=som’
8 [ssi1+dets By
© 10°| M, = 165 GeVic? :g . .
T k... Systematic on signal and background
o
& + modeling can affect:

o Template normalization (rate)

e MVA discriminant output
distribution (shape)

it
— ot

= 1 L 1 1 i L L
-1 -08 06 -04 -0 o 2 04 06 08 1

NN Output
Main uncertainty sources | Signal ‘ Background
C i -

TS S?Ctlon 5%-65% Extract the Limit:
NLO Diagrams 5%-11% o .
Jet By 39%-30% likelihood fit to the dis-
Luminosity 7% criminant output distri-
DY £, modeling 6% bution considering sys-
Fake leptons modeling 1% tematic uncertainties.
W+ data driven modeling 28%
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Analysis techniques validation

Measurement of ZZ production cross section in the £/vv decay channel.

. _CDFRunl Preiminary [Lat-s9m" In a sample with dominant Drell-Yan
S 220
S 220F by
2 2007 FITRESULT I Weets background (S/v/B ~1.5) use a NN to
& 190F _— B extract the ZZ signal.
160 DY TwWwW
1405 mwz
120 mzz
100F 7.7 \ \ \ \
s et
s0E CDF livy 1.45 40334030
E (L=5.91") —_— A
a0
20
E 0 f s CDF I 1.56 £38+0.25
-1 -08 06 04 -02 0 02 04 06 038 (L=4810")
NN Output
CDF (I + Ivv) 1.40 1-8-;3
(L=191") :
_ . DO (I + Iivv) 1.60£0.63 115
O'(pp — ZZ) = 145tgg(1] pb (L=171" —_ e
o(pp = ZZ)Npo =1.21 £ 0.05 pb
. ! ! ! | ! |
Tevatron most, precise measurement. o o5 1 15 2 25 3
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Increase acceptance w

DO Run Il (5.4 fi5') Preliminary

.o Two like-sign leptons in the final state: g ot e
+5% signal 3 s
s [signal x20

» Dominant signal contribution from VH — VWW § Signal x20

» Background from:
wrong charge reconstruction, jet faking lepton

0108 06 04 -02 0 02 04 06 08

BDT output (final)
COF Run I Juesow'

4F WH Signal (Z Removed): M, = 165 GeVie”

.o Three lepton final state: +3% signal

» Signal: VH - VIWW
» Background from EWK WZ

06 08 1
NN Output

m, = 165 GeVic

.o Hadronic decaying 7’s: H - WW — fvty

> 5% of WW decays
» Background from W + jets with jet faking 7
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‘ Semi-leptonic final state w

DO carried out a search for H — WW — (vjj using 5.4 fb=1. w
Signature: one high-p; lepton, large F ., two jets
e BR(WW — tvjj)~ 27%

Process e channel p channel
o Select events with: gg — H 46.3 34.7
> One isolated electron or muons qq — qqH 6.4 44
> 2 well reconstructed jets V+jets 52158 47970
(Er >20 GeV) Multijet 11453 2720
> Fr >15 GeV, top 2433 1598
mr (W) + 0.5 >40 GeV Dibosons 1584 1273
Data 67627 52433

o Large W+jets background: S/\/E ~ 0.26 (mg= 165 GeV/c?)
e Other backgound from QCD multi-jet — fake leptons

» Multijet background tuned from data in kinematic control region.

o
8]
I
i
it
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‘ H— WW — tvjj DS

e channel, Mg = 160 GeV w channel, Mg = 190 GeV
_1 _

> 8000 DO 5.4fb (c) > 6000 - DO 5.4fb" ® | 4+ Data
O V+jets
= 6000 % 4000 [ BYA)
j::_? 4000 E Il Top
3 g 2000 Diboson
5 2000 3 — Signalx200

0 200 400 600 OO 50 100 150 200

WWmass (GeV) pr(W — pv) (GeV)

e Event kinematics input in Decision Tree Random Forest
» Separate optimization for e+jets and p+ jets

10* —+ Data
= 10° V+jets
107 =
= Il Top
¢ 10 Diboson
M — Signal,

10 E . DDA 160 GeV

0 02 04 06 038 1
RF output = =
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‘ Channel results summary w

mp= 165 GeV /c? Exp. Obs.
CDF
OS-0jet 59-fb1 1.67 2.39
0S - 1 jet 2.35  2.46 o
0S - 2+ jets 3.16  6.14 From ea?h c.hanTlel dl‘SCI"lIIl—
low My, 112 7.21 inant dlst.rlputlon s ex-
Same Sign 4.86  5.92 tracted a hml‘? on SM nggs
Trileptons (n0Z) 737 785 production using a bayesian
Trileptons (Z - 1j) 31.8 36.4 approach.
TTllept?ns (Z-24) 916 104 The several channels are
hadronic 7 145 235 . - .
Do combined taking into ac-
cetpntep-54m T 136 155 f;t‘ilglgsfor appropriate corre-
ep - 6.7 b1 1.93  1.99 '
Same Sign 7.0 7.2
lvjj 5.5 3.8

o <@ =y <2 =
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Experiments Combination

@ ee+ pp with 5.4 fb1 e (vfv with 5.9 fb™*
@ ey with 6.7 fb™! @ Same sign with 5.9 fb™*
@ Same Sign with 5.4 fb~! @ Trilepton with 5.9 fb~!
@ (vjj with 5.4 fb~? @ (UThaqv with 5.9 fb™1
DO almost achieved observed CDF reached expected
exclusion @ 165 GeV/c? exclusion @ 165 GeV/c?

CDF Run Il Preliminary, <L> = 5.6-5.9 o™

SM Higgs Combinati = Obseryed P_Exclusion

D@ Prelimi Ioagipy o Expected
reliminary; <L>= 0.

Y o

—
i=1

Expected-+1

Expected £2

95% CL Limit / SM

95% CL Limit/SM
=)

L Standard Model = | 1 '0:,:,;,; o
i3 PR
5’:‘:‘:’:‘:‘:,. i | Julyj19, 2010,
10610120130 140 150 160170186 %6300 100 110 120 130 140 150 160 170 180 190 200
July 19,2010 my, (GeV) o = = = my(GeVic?)
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‘ Tevatron Combination w

Tevatron Run IT Prellmmary, <L>=591b"

% N LEP Exclusmn 1 evatror‘l‘
= - Exclusion
=10 i i
_g — 0];serve =
- M +10 xpected
)J L = P
&}
1SS
Y¢)
=

1 :

L/ - SM=1
Tevatron:Exclusi : : iy 19,2010
100 110 120 130 140 150 160 170 180 190 200

H(GeV/c )
SM Higgs exclusion between 158 and 175 GeV/c?

o
8]
I
i
it
€
€

SM Higgs at Tevatron February 15, 2011

M. Bauce (Aspen '11)



‘ Conclusions & Perspectives

o All the analysis presented will be updated with new data:
follow up at Moriond 11 conference
e New ongoing analyses searching for H — ZZ
» exploit Llvv, £0j], vvbb channels

e Soon will be available 10 fb~! of data per experiment:
some analysis will almost double their data sample.

CDFx2 Heavy Higgs Projections
10? ++ High Mass Expected 5.3 1™
*- High Mass Expected 101b"
------------ High Mass Expected 10 fb " with improvements
s fred -
7
T oY Y Tm——
-
[&]
2
[ I SR AC AT e SN NP SR NS
o
1
L e ;
| IR ISR PP IS PPN PPN PR S B |
110 120 130 140 150 160 170 180 190 200
Higgs Mass (GeV)

=} =
at Tevatron February 15, 2011
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e New heavy quark generation hypothesis

ggs searches within 4 generation model w

g
» ggH coupling is 3 times bigger than SM H
> 9 times larger production cross section 9 tu,.d,
e dilepton+ F; channel searches similar to SM
» Analyses re-optimized for higher mpg ranges
«100 —— — 24 ' ! ' Exp. 93% CL! Limi
S [ CDF+DO Run II —4 Data-Background ) CDF+DORunTl =~ xp. 95% C.L. Limit
Z 80 | L=48-54Mm" [ 4G Signal g & Le4g 54! — Obs.95% CL.Limi
8 60 — 41 5.d. on Background Z 3 I +1 s.d. Exp. Limit
] = G on Backeroun 1 [ +25.d. Exp. Limit
4 = 56¢ 4G (Low Mass)
20 é ) L *— 4G (High Mass)
5
20 °
40 !
60 =200 GeY e
2 18 -1.6 -14 -12 -1 -08 0.6 04-02 0 P P T T T it
log,(/b) 120 140 160 180 200 220 240 260 280 300

my (GeV)

CDF-+DO0 combined exclusion: 131< my <208 GeV /c? 95% CL

(for infinite mass scenario) - - -
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‘ CDF experiment w

m General multipurpose detector
= Excellent tracking and mass resolution:
a Silicon inner tracker
» Drift chamber outer tracker

m Calorimeters

= Segmented sampling EM
and Hadronic

= Muon chambers
= CMU/CMP (jn| < 0.6
2 CMX (0.6<n|<1.0)
m Complex geometry

= Try to maximize Higg
acceptance




D0 experiment

21 Solenoid @ New in Runll
Fiber Tracker e Tracking in B-field
Silicon y-strip Tracker @ Silicon detector
Preshowers @ fiber tracker
Forward Muon
o 2 Tra\c\ki"g”ﬂ?EEF ¢ Upgraded for Run Il

) @ Calorimeter,
@ muon system
s DAQ/trigger

@ Runllb (2006):

: 2 2 Silicon layer 0

@ Cal Trigger

s

’,.’F-Jﬂ‘-

@ Typical coverage
@ Muons n <2

& i @ Electrons
el R . s <11
ot [ i ‘ L il ) g s 15<n<2.5
" Central Muon LAy 1 1 i
Scintillators o o @ Jetsn<25
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‘ CDF results: 0,1,2+ jets

» Analysis using 5.9 fb~! of data

CDF Run Il Preliminary J-L-sslb"
10% ; ; =1 =1 OS 0 Jets Expected
.OSOJetstks
[ Jososeszzs
ﬁ —— 05 0 Jets Observed
©
=
=1 10
o
BN
v
(<]
1
FStandard Model
PR SN BN BN BRI A SR N R
110 120 130 140 150 160 170 180 190 200

Higgs Mass (GeV)

M. Bauce (Aspen '11)

at Tevatron

95% CL limits, ‘
mp=165 GeV /c?
o 0 jet channel:

2-390bs(]—-67exp) XOsM

o 1 jet channel:
2.4601,5(2.356”)) XOTSM

@ 2+ jet channel:
3.16,p5(6.14c,p) XOgM

o My < 16 GeV /c%:
7-210bs(11-2ezp) XOSM
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‘ DO results w

¥ ee + eyt + pp, using 5.4 b1

¥ cu extended up to 6.7 fb—?

2 Oh AT imit
7 C) wbserved Lamit E Dileptan+ MET s Obsaived
: D@ 5.4 -1 __Exr ected Limit : [ D@ Preliminary, 1=6.7.f6 e e Expacted
‘g [ Expected *1 s.d. E \ R Expected 1
= = _JExpected+2o
- Expected +2 s.d. 3 \ w

3 10E
- 10 L S VF
Ok B X S F
® L
ES

1 Standard Model = 1.0
120 130 140 150 160 170 180 190 200
1 | Standard Model = m,, (GeV)

120°130 140 150 160 170 180 190 200 95% CI, limit,my= 165 GeV /c? J

my (GeV) sew 1390 (162p) X050

95% CL limit, mx= 165 GeV/c* Expected sensitivity in ey
1.550ps (1.36¢2p) X050 increased by ~18%

o
8]
I
i
it
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]\[(( S 16 GGV/C2

CDF Run II Preliminary

‘ Separate optimization:

JL£=59m7"

My =165 GeV/c?

Same event selection, but with My, <16

055 £ 0.10
2. Dy 435 + 078
GeV/c*: ww 138 + 13
. . Wz 0.371 £+ 0.052
e Dominant background from W+ with the 77 0139 + 0019
: Wt jets 162 £ 30
photon faking a lepton o R
LI : Total Background 1122 + 8.6
e Neural .Network training for signal o %0
extraction Total Signal 100 £ 020
Data 112
CDF Run Il Preliminary IL=5.9 ' 0 5 CDF Run Il Preliminary .["’ so b’
3 . [0S LowmqI " ° OS low M(ll) 0
§ 5“:’MH=16"41)659\1)/1:2 =§Yle|s % 1f M, = 165 GeVic® ==
£ wf i / wy -évzvz g -
o E w .
i , S Signal
F Slgnal - Data x10
af x10
10 /
o 20 40 60 80 100 120 140 160 180 200

Vector sum of lepton and jet E; (GeV)

6 08 1
NN Output " -




like-sign leptons

Two like-sign leptons in the final state.
Main signal contribution from as-
sociated production:

VH - VWW — (50 + X
Dominant backgrounds:

e wrong reconstructed lepton charge

o jets faking leptons

D@ Run II (5.4 fb"

CDF Run Il Preliminary [L=som"

o F 2 10 VHoIT+X, M = 160 GeV/c?
% Z ;HS:::::‘:V/ & S _‘eu :anenrackqueali:;cui
2 . 8
€ 18- B
g 165 [ ZZ-Avy
n 14 2 6 [signal x20
128 E
10F =z
8t
08 0 02 04 06 08 1
NN Output BDT output (final)
CDF': analysis similar to unlike-sign DO0: two consecutive BDT against
channels. instrumental and ghysical backgrounds
[=] = = = ¢

February 1
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Trileptons

Three leptons in the final state.
s D Signal from associated production

Dominant backgrounds from WZ

3 sub-channels to exploit different event

topologies.
NN for signal extraction.
CDF Run II Preliminary [L=5017" COF Run i [Lesom’
My = 165 GeV/c? 107 WZLjet W2+ jets 4 Stanel @ Removedi, = ZeRovie =
-
it 0372001 0067L0.030 _ 0.081£0.022 _ 35 . T
Wz 5352076 85114 2302052 ] 3 Signal S
77 1302018 3.97£0.57 1.3440.26 x10  [~oe
W +jets 2024072 5113 1414036 29
7 3134062 A14E085  14H03 2
Total Background 131415 218127 6.511.1 15
WH 0.61120.084] 0.028020.0046 0.008520.0017
ZH 01020022 [0203£00382 04910072
Total Signal 0772011 0231Z00% 05001073 05
Data 11 26 16 0

1 08 -06 -04 02 0 02 04 06 08 1
NN Output
o = = E =
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Same Sign and Trilepton: results w

[ D@ Preliminary : — Observed Limit
25 o5 4 te Runia ¥ iib) ] Expected Limit
[ VH- X
20

=N /

Trilepton

CDF Run Il Preliminary

J L=591"

95% CL Exclusion =+ Hioh Mess Epected --

Limit / o(pp—VH-IE+X)

15F

F 3 w / (Tl‘ilepton
100 N — o

o

Standard Model = 1.0

=

[

0 L
110 120 130 140 150 160 170 180 190 200 =
m,, (GeV) ©
3

[Ye]

[<2]

Same Sign

95% CL limits, mu=165 GeV/c? !
72005 (7-0cap) Xosnr (5.4 fb1) '

@ 59... (4.9..,) xosur (5.9 1)

.62 exp. (4.39 obs.) x o, [ ioh Mass + 1=
m =165 GeV/c?  [JHoteece

= High Mass Observed _

- Stan;

dard Model

o 1

0 130 140 150 160 170 180 190 200
Higgs Mass (GeV)

o
8]
I
i
it

M. Bauce (Aspen '11)



Hadronic 7’s final states

CDF Run II Preliminary JL=59"
my = 160 GeV/c?

e Events with one e/u, and

dijet, v+ jet 9 +£ 27

7 —hadrons Z—rr 08 + 04

» ~ 5 % of WW final states Z -t 488 + 64

. .. | Wjets 624 + 77]

» Signal acceptance limited by 7 Wy 33 T 04

reconstruction efficiency Diboson (WW, WZ, ZZ) 253 + 27

) ) i 155 + 28

e Main background from W +jets: Total Background 726 £ 82

: : 99— H 108 £ 010

jet faking a 7 WH 0261 + 0.026

ZH 0.167 + 0.017

CDF Run Il Preliminary det=5.9tb" VBEF 0.095 + 0.011

2 hanmel P | Total Signal 1.60 + 0.11]

k=1 ut m, = eV/c

s Data 741

® data(5.91b%)
COHsww
M Orell-Yan

o Signal separation with a BDT
> optimize separately et and pr
> Use 7 ID and event kinematic
variables

O
[] total Bkg error

0.4
BDT output

o
8]
I
i
it
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H — WW — lvjj Results

= Observed Limit -

==== Expected Limit -
-1

102 DO 5.4 fb [ ] Expected +2s.d. :

[ Expected *1s.d. -

H+tX =L+ 1/v+qq

Limit/SM prediction
>

Standard NModel = 1.0

420 140 160 180 200
My (GeV)

95% CL limits, muy=165 GeV/c?
0 5.2,p5 (5.1exp) xospr (5.4 fb71) J

o = = = = 9ac
February 15, 2011 g
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Systematic uncertainties

CDF H - WW — {vlv - 0 jet channel

Uncertainty Source ww Wz 77 tt DY Wy WHjet gg—~H WH ZH VBF
Cross Section

Scale 7.0%

PDF Model 7.6%

Total 6.0% 6.0% 6.0% 10.0% 5.0% 5.0% 10.0%

Acceptance

Scale (leptons) 1.7%

Scale (jets) 0.3% 1.5%

PDF Model (leptons) 2.7%

PDF Model (jets) 1.1% 5.5%

Higher-order Diagrams 10.0% 10.0% 10.0% 10.0% 10.0% 10.0% 10.0%

I, Modeling 19.5%

Conversion Modeling 10.0%

Jet Fake Rates

(Low S/B) 22.0%

(High S/B) 25.0%

Jet Energy Scale 2.6% 6.1% 3.4% 26.0% 11.5% 3.1% 5.0%  10.5%  5.0%  11.5%

Lepton ID Efficiencies  3.0% 3.0% 3.0% 3.0% 5.0% 3.0% 3.0% 3.0% 3.0%

Trigger Efficiencies 2.0% 2.0% 20% 20% 20% 2.0% 2.0%  2.0% 2.0%

Luminosity 5.9% 5.9% 59% 59% 59% 5.9% 5.9%  5.9%  5.9%
CIRE- =, <=y =
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Systematic uncertainties w

DO H—-WW — tviv

Y Bkgd Signal 7+ jets/y W + jeis/y tt Diboson  Multijet  Nature
+4 -

Lepton identification +4 +4 +4 +4 +4 N
Lepton momentum resolution +2 +2 +1 +1 +1 +2 - D
Jet energy scale +4 +1 18 +1 +1 +1 - D
Jet energy resolution =3 +1 +4 +2 +1 +1 - D
Jet identification +4 +1 +6 =4 +1 +1 - D
Z — pr correction +1 - +3 - - - - D
W — pr correction +1 - - +2 - - - D
Diboson NLO correction +1 +1 - - - +1 - D
Multijet Normalization e*e™ +2 - - - - +£20 N
Multijet Normalization ¢ ™ +1 - - - - +10 N
Multijet Normalization pt ™ +2 - - - - +20 N
Cross section +7 +10 +6 =6 +10 +6 - N
PDF +£1 +1 - - - - - N
Luminosity +6.1 +6.1 - - - - - N
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Systematic uncertainties

DO H—->WW — fvjj

Contribution Shape W +jets Z+jets top diboson g9 —+H qq — qqH WH
Jet energy scale b (s <01 +0.7 +33 i +1.5 2
Jet identification Y +6.6% <01 +0.5 +38 +1.0 £1: +1.0
Jet resolution A% (=Y =<0 +0.5 (5 520 £0.8 £1.0
Association of jets with PV Y +3.2° +1.3% +1.2 +3.2 +29 +2.4 (*33)
Luminosity N n/a n/a +6.1 +6.1 +6.1 +6.1 +6.1
Muon trigger b4 +0.4% < 0.1 <01 <01 < 0.1 <01 <01
Electron identification N +4.0 +4.0 +4.0 +4.0 +4.0 +4.0 +4.0
Muon identification N +4.0 +4.0 +4.0 +4.0 +4.0 +4.0 +4.0
ALPGEN tuning Y +1.1° +0.3% n/a n/a n/a n/a n/a
Cross Section N +6 +6 +10 +7 +10 +10 =6
Heavy-flavor fraction Y +20 +20 n/a n/a n/a n/a n/a
PDF Y +2.0° +07°5 <01® <01 <0.1°% <01% <0.1°%
Electron channel Muon channel
Multijet Background e +6.5 +26
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‘ Discovery potential

CDF+DO0 combined:

2xCDF Preliminary Projection

0.3

7t

i

0y
0
\

0.2

N\

0.1

S

§ 0o T == "Analyzed L=101b" - Uanuary 16, 2009}
o - Fi— Anayzedl=5fb" ¢ E
K] 0.8 (N With-improvements i E
& 07 B ]
8§ 06 g& ;
- Y E
o 05 ki : ; ]
2 04 7\ ]
e} X .
S M 1
o L z
o 1

g
N
’
Wf

M. Bauce (Aspen '11)

0100 110 120 130 140 150 160 170 180 190 200

SM Higgs at Tevatron

m,, (GeV/c?)

February 15, 2011



O N EYE Do

10000

e Can significantly
contribute to:

1000

100

My, €]140, 150] GeV/02
My, > 180 GeV/c2

e Can be exploited: llvv,
L0535, vvbb(, jjbb)
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100

Higgs production cross section

\
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=gg>H ==TotHiggs XS ==XS * BR(ZZ) XS * BR(WW)

e Large contribution to limits on Higgs searches in 4** generation models

» Higgs mass currently excluded up to 204 GeV/c?
» For my > 200 GeV, H — ZZ is as sensitive as H — WW

it
€
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taken disagree

Arguments for using larger than normal scale variations (k=3 or mp /3 <

‘ Treatment of theoretical uncertainties |
large NLO and NNLO contributions

loop particles

Wr 5 fby < 3mp) as opposed to standard factor of two (k=2) because of
» Not the consensus of the theoretical community. In particular, authors of
the papers from which our gluon fusion cross sections and uncertainties are

Arguments for additional uncertainties from Effective Field Theory
(EFT) approach for integrating EWK contributions from heavy and light
than 4%

M. Bauce (Aspen '11)

» Our quoted uncertainties do include a 1-2% contribution for this effect. If
the corrections introduced by the EFT approach are removed entirely
(clearly conservative), the total cross section is found to change by less
the ABKM/HERAPDF models

SM Higgs at Tevatron

Arguments that our PDF uncertainties should account for observed

differences in cross sections obtained using our default MSTW model and

February 15, 2011




‘ Treatment of theoretical uncertainties I1

» ABKM and HERPDF fits do not include Tevatron jet data, which provide
the best constraints on the relevant high-x gluon distributions at Tevatron
energies. NLO theoretical predictions using ABKM/HERAPDF are in
poor agreement with Tevatron jet data

e Arguments for accounting for correlations between scale and PDF model
uncertainties

» Our quoted scale uncertainties do include contributions from PDF model
scale dependence. These contributions are found to be small in comparison
with experimental uncertainties on the datasets used in the PDF model fits

e Arguments that theoretical cross section uncertainties should be added
linearly even if they are not correlated

» Our quoted scale uncertainties do include contributions from PDF model
scale dependence. These contributions are found to be small in comparison
with experimental uncertainties on the datasets used in the PDF model fits

o
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‘ Reproduction of Tevatron Limits

o Independent re-interpretations of Tevatron Higgs mass exclusion ranges
should be received with skepticism

o The examples we have seen are based on incorrect assumptions regarding
the experimental methodology

e Some examples of inaccurate assumptions

» That the effect of an increase in uncertainty on a theoretical cross section
can be modeled using an equivalent decrease in the central cross section
value

» That increases in cross section uncertainties assigned to background
processes effect our final limits. In fact, main background contributions are
constrained directly from our fit to the data more accurately than what
one obtains using even our current theoretical uncertainties

» That it is not important to account for correlations between different
search channels. In fact, these correlations allow us to obtain additional
constraints using the fitting procedure applied to the data
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