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The Case for the Higgs NE  sept 25", 2007

X Many years of work have led to our current description of matter
and its interactions: the Standard Model

ELEMENT ARY Cast of characters includes
PARTICLES Matter particles (fermions): quarks

and leptons

- Force carriers (bosons): photon,
i gluon, W*/Z°

Highly successful predictive model

But there’s a problem!! No
explanation for particle masses

H IH

lhlu. Generations of Matter
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The Case for the Higgs NE  sept 25", 2007

Electroweak model is very powerful

SU(2), XU(1), well-tested at collider experiments

But it is not a symmetry of our vacuum — otherwise
gauge bosons would be massless

Higgs mechanism provides a natural solution

Add one complex doublet of scalar fields in a ¢*
potential

Symmetric solution unstable: broken EW
symmetry creates non-zero vacuum

expectation value Quark and lepton masses
W*/Z° longitudinal polarizations absorb three must be added “by hand” via
degrees of freedom, remaining one becomes Yukawa-type terms in the

Lagrangian. The Higgs
mechanism is convenient,

but may not be the complete
Higgs mass not predicted: m, o picture.

neutral scalar (Higgs boson)

Ground state VEV parameterizes W/Z masses
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Evidence for the Higgs N Sept 25", 2007

M e = 144 GeV

X Direct searches and indirect evidence have ° y
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Luminosity (/fb)
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Dataset "M Sept 25", 2007

w Run Il Integrated Luminosity 19 April 2002 - 5 August 2007
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The DO Detector DE  Sept 257, 2007

Calorimeter

n=>0 M ij-"f
Muon Scintillators o
\E.HUH? E|:r-1a.r'|“|tﬂrsl\l | | I/ | | -r.//‘f
L | | \l / | ]] =H_%_,.
// |
a—-"""'-'_'-.
~— n=3
protons S & : Z = Pp-bars

/v |I Calorimeter \
Tnn:n id

=\“ﬁl

Preshowers

yl
Muon ID ~2 The CDF detector has similar
Tracking ~2.5 features of detector design

EM / Jets ~4 7
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Fine Hadronic

Hectromagnetic

. Solenoid

Central Fiber Tracker
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Particle Detection: Electrons DL Sept 25" 2007

Muon Detectors

Coarse Hadronic

Fine Hadronic

Hectromagnetic

e ———————————r_ e
®
o
. Central Fiber Tracker
| . N B . -
o Slicon Microstrip Tracker
o




A o * MSU HEP Seminar
Particle Detection: Muons D&  Sept 25, 2007

Muon Detectors

Coarse Hadronic

Fine Hadronic

Hectromagnetic

e —————————————r_ e
®
o
. Central Fiber Tracker
| . N B . -
o Slicon Microstrip Tracker
o
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Quarks & Gluons

Muon Detectors

Hadronization signature ||

referred to as a "jer’ D Coarse Hadronic

IS, I | N€ Hadronic

Hectromagnetic

Central Fiber Tracker

Silicon Microstrip Tracker
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Muon Detectors

Coarse Hadronic

Fine Hadronic

— necioma
—_— et
/A

gnhetic

7 Central Fiber Tracker

- Silicon Microstrip Tracker
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Proton-Antiproton Collisions & sept 25" 2007

g dd
u d gug Proton

I e 4 980 Ge

Transverse Variables

“missing” neutrino

*——

MET=\|Y. Px[ +]3 Ay
Summation performed over

calorimeter & muon energies

Signature of non-interacting
neutrinos

Capitalize on momentum balance in
transverse plane

“Transerverse momentum”, pT

Antiproton
-

980 GeV

Coordinate Systems

Based on relativistic invariance

Allows for consistent description of
z-boosted events

Azimuthal angle ¢ is manifestly
invariant under boosts, but 0 isn't.

Introduce invariant “rapidity” and

zero-mass limit “pseudo-rapidity”

I In(E+P
Rapidity=— n( 2

2 In(E—Pz)
n=—In (tan ())

13
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SM Higgs at the Tevatron "RE  Sept 25", 2007

—
=
L |

Production :
gg—H :

Guon fusion dominant at hadron collideb

Large backgrounds restrict many
useful Higgs decay channels

Cross section (pb)

o

Next largest is associated production of
W/Z + Higgs

Leptonic decays of W/Z bosons
\ provide tag for trigger and analysis/ 100 120 140 160 180 200
my (GeV/c2)

| Excluded by LEP,

S

Decayi

éw—mass Higgs (m <135 GeV) prefers to decayb

bottom-quark pairs o1}

Branching ratio

Need efficient identification of bottom quarks
to reduce backgrounds

At high mass (mH>135 GeV), search for HH-WW

10-2£

Off-shell W boson allows off-resonance

\ production / 10°3 ,ﬂ .
100 120 140 160 180 200
my, (GeV/c?)
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Search Channels DE  Sept 257, 2007

/ Associated Production: Low mass only, 3 final states \

ol
ol

b

\ WH-—1vbb ZH—-vvbb ZH-I11bb /

/

Gluon Fusion Production:
Maximum sensitivity at high mass,
also useful at low mass

.
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Backgrounds & Rates DE  Sept 25%, 2007

H->WW "
oXBR = 380 fb @ mH=160

ol

WH (H-bb)

oxXBR =130 fb @ mH=115

16
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Backgrounds & Rates DE  Sept 257, 2007

H->WW L
oXBR = 380 fb @ mH=160

WH (H-bb) b

oxXBR =130 fb @ mH=115

q
q g -
q
d
q W/Z

W+qq or “Gluon Splitting”
W+bb: 0 XBR = 4X10* fb
W+cc: oXBR = 1X10° fb
W+qq: oXBR = 2Xx10° fb

17
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Backgrounds & Rates DE  Sept 257, 2007

H->WW L
oXBR = 380 fb @ mH=160

WH (H-bb) b

oxXBR =130 fb @ mH=115

q
q g -
q
d
q W/Z

Top + anti-top

W+qq or “Gluon Splitting”
W+bb: 0 XBR = 4X10* fb
W+cc: oXBR = 1X10° fb d q
W+qq: oXBR = 2Xx10° fb

oXBR = 6800 fb

Single top
oXBR = 3000 fb 18
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Backgrounds & Rates DE  Sept 257, 2007

H->WW L
oXBR = 380 fb @ mH=160

WH (H-bb) b

oxXBR =130 fb @ mH=115

q
q g -
q
d
q W/Z

Top + anti-top

W+qq or “Gluon Splitting”
W+bb: oXBR = 4x10* fb

oXBR = 6800 fb

W+ce: oXBR = 1X10° b a q
W+qq: oXBR = 2x10° fb Diboson
w WW: oxBR = 13000 fb
b t  WZ: oxBR = 4000 fb
_  ZZ: oxBR = 1500 fb
Single top

oxXBR = 3000 fb 19
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Backgrounds & Rates DE  Sept 257, 2007

v

WH (H-bb) b ===
oxBR = 130 fb @ mH=115 oXBR = 380 fb @ mH=160
g
d g _ _
q q |
g j—
b
q Wiz - .
= -

W+qq or “Gluon Splitting” op * anti-top v
W+bb: 0 XBR = 4x10* fb oXBR = 6800 fb _ w* I*
W+ce: oXBR = 1xX10° fb q qg A
W+qq: oXBR = 2X10° fb " Diboson

Large rate of @QCD multi-jet production b WW: o XBR = 13000 fb

t WZ: oxXBR = 4000 fb

(“fake” lepton + neutrino)
ZZ: 0xBR = 1500 fb

Simulations notoriously poor J Single top

= Measured in data oXBR = 3000 fb 20



Searching for H—-bb

Rely on W—-lv and Z—-11 provide handle to

reduce backgrounds

Start with high-pT leptons: pT > 20 (15) GeV
Neutrinos manifest as missing transverse energy
WH-lvbb: MET > 20 GeV
ZH-llbb: MET should be small!!

Vector boson resonant mass is very important

va,a”S:\/Zp]TMET( 1—cos(Aqg))

c | L=17f"
L%‘ | D@ Preliminary

1000

W+ 2jets
® Data
DW + jets
Baco
[ |SM bkgd

W Transverse Mass (GeV)

0 20 40 60 80 100 120 140

Events / 2 GeV

* MSU HEP Seminar

"BME  Sept 25", 2007

-_L=1.7fb'1 W+ 2jets

| DO Preliminary e Data
DW + jets
Baco
| |SM bkgd

~"60 80 100 120 140 160 180
P; of Lepton (GeV)

—Data

Preliminary (920 pb") = QCD

— Z+jels
=Z+2b
=it
W77
=Wz
—/H115

200 250
Mee (GeV) 21



Events/ 5 Ge\

[

[=]

o
T

800
600
400

200

Searching for H—-bb

X For ZH—vvbb the search is more difficult:

no charged leptons!

Rely on large MET (neutrinos!)

“Physics” Bkgd: Z+jets, W+jets, top-pair, ZZ, WZ

“Instrumental” Bkgd: QCD multijets with
mismeasured jets

* MSU HEP Seminar

"BME  Sept 25", 2007

N\ A

= Asymmetry between MET and jet recoil isolates QCD

=3
=3
=]
T T 1

Leading jet pT

N Cipra
20 40 60 80 100 120 140 160 '13 2

D@ Run Il Preliminary
(0.930 fb™

T

Missing ET

X

D@ Run Il Preliminary

(0.930 fb™)

" .50

100

L dobolel 1 1 1 1
150 200 250 300

MET (GeV)

Background reduction:

Trigger on large missing HT
(vector sum of jet ET),
select large MET:>50 GeV

Select two high-pT jets to
define final state

(pT>20 GeV, Inl<2.5)

Veto back-to-back jets: A¢
<165°

22
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Searching for H—-bb "RE  Sept 25", 2007

X Select quark-jets consistent with Higgs decays W+dJets:1 b-Tag
[ L=1.7fb" W + 2jets/ 1 b-tag
At least two high-pT jets ( pT>20-25 GeV ) L=171

- D@ Preliminary ® Data
Angular separation consistent with scalar particle

Events

400~ COW + jets

Dijet invariant mass provides great discrimination
Signal X10

2

X Remove light-flavor jets via heavy-flavor “tagging

Identify via displaced vertex due to b-meson lifetime

100

X Two main categories T 1%z
1t lusi
Impact parameter based ag exclusive

W+Jets: 2 b-Tags

Secondary vertex based

Vertex Tagging

(transverse plane)

__ L=1.7f" W + 2 jets / 2 b-tags

DJ Preliminary ® Data
i W + jets

Events
g8

(Signed) Track -5 < W& Decay
g - V ~¢
Impact Parameter (dca) 3

Hard Scatter Vertex
-2 tags




Searching for HHW'W

X Select only leptonic W-boson decays
Select high-pT leptons (electrons & muons)

Use Z-peak for normalization (ee/uu), veto

region near peak

Require large missing transverse energy
signature from neutrinos, restrict sum of
MET + lepton pT (scalar and vector)

Preselection removes W/Z+jets, but Standard
Model W'W™ production remains

X Scalar higgs (spin-0O) provides natural
discrimination due to spin correlation

Leptons prefer to be collinear

)%

W+

e+

=D = =D
S R —— I —— T

\%

W -

e-

| Preselection |

-1_
107020 40 60 80 100120140160 180

* MSU HEP Seminar

"BME  Sept 25", 2007

10%¢
10%
102§ |

10¢

e data
Bz
Bz
[ 1 QCD fakes
Cww
[CIw=ev
B 2z w7
[t —see

—— 160 GeV Higgs (x10)

Invariant Mass (GeV)

0 [[]Z =1t

| [ ]ZZ — incl

[]QcD
BZ—ee
WZ—upn
PBW—ev
[JWW —s incl
OW-nv
[ ]Jtt —incl
W=tV
WZ — incl

+ Data
H160

3
A¢(e,p)[rad]
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Searching for WH-WW W NE  Sept 25" 2007

D@ Run Il Preliminary

W
(=]

X Very rich spectrum in leptons

N
(=]

Events / 20 GeV
T T c T T T T T T T T T T T

Three W-bosons give 1-,2-,3-lepton final states

First version of analysis reduces backgrounds by
selecting same-signed lepton final states

0 100 200 300 400
. . . . my, (GeV)
Di-lepton mass, angles, MET all good discriminators =

—=—(ata
Wl flips
Eaco
w7
C1zz

X WH-I'I"+X has few backgrounds

Physics Bkgds: WZ, ZZ, W+jets (fake lepton)

0-1

]
Instrumental Bkgds: QCD (fake leptons), charge-sign

“flips” =)
1 —=—dat
¥ Instrumental backgrounds carefully measured o i
il
Flips: Use multiple sign measurements for 7z
orthogonal “non-Z” events. Diagonalize matrix of 1
Same-Same, Opposite-Same, & Opposite- 10"
Opposite events 0 50 100 150 200

B, (GeV)
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Final Variables DE  Sept 257, 2007

X In the past, analysis challenges forced analyses to estimate search
sensitivity from single kinematic variables

Data/MC agreement, sample statistics, background uncertainties
X Significant reduction in potential search power
Low mass: Dijet invariant mass

High mass: Dilepton angular separation

" - T n ([]Z =T
c 60 L=171fb" W + 2 jets / 2 b-tags — [ ]QcD
g D@ Preliminary * Data S MZ— ee
] - W + jets - Z—
Socs s e
M S B
[ Ev\tf b s [ WW — incl
a0l other |
OwH = W —nv
B 115 GeV (x10) %’ I:’-n —3 |nC|
| W —tv
i =5 |[WZ —incl
20 ] |[[]Z£ — incl
- « Data
—H160

-2 tags

26
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Advanced Analysis Techniques "D Sept 25", 2007

H-WW Search

X Several multivariate approaches have emerged =2 ruvwoenn e
.0 _ D@ Preliminary, L=1.1 f5' —— Sum of Backgrounds
Neural networks, likelihood discriminants, Matrix " | —— Sana m =160 Gavic)
Element discriminants “E +
Techniques demonstrate 20-50% improvement in T T [ 5
signal isolation ]| _I_u—'_F il
Analysis refinement & optimization still ongoing bl L. 6_-;—.'7 NURTIUI 3 T RO
NN Output
WH Search ZH Search . o WHOWWW Search
I _)re iminary, L=1.0 f&' e
% - L=1.7fb" W +2jets/ 2b-tags 8102§ DO Preliminary _8?:;[% ,_% 25:_DQP ! ".L=1016 —— Background
Q . . ° o i g F —— Signal (m, =160 GeVicljx5
2 | D@ Preliminary [l\l:ﬁ)\!alajets = o Z+]etS 2o
a0 mQCD 9 ol = Z+bb(cc)
5& B S F “ 15[
- m MR 2 f M4 i
11]
UWH —— i [ ] ZZ 10—
115 GeV (x10) o 15_ _ZH 115 E
- g i g s
%U";‘ o O iseriminant Value
P | | | | |

L L1l 111 111 | 111 |l L1l Ll | Ll
10:20.4 -0.2 -0 0.2 04 D6 08 1 1.2 14 1.6 18
Neural Network output

0.4 06 08 1 12 14

NN output - 2 tags
27
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Advanced Analysis Techniques "D Sept 25", 2007

X “Matrix Element” analysis technique

Developed in Tevatron top-quark search/measurements

Utilized in both CDF, DZero single top quark & Higgs analyses as well

Use signal/bkgd production Matrix Elements (tree-level) to form likelihood
discriminant: over 35% improvement in sensitivity!

Can be combined with complementary analysis techniques

300 D@ Run Il Preliminary, L=0.9 fb' 35 D@ Run Il Preliminary, L=0.9 fb'
- —&- Data
250 > WH (m=115) x10 30- Egmﬂm "
= - tt
B I biboson
200 -y 25/ =
B Diboson 20:_ [0 Multijet
150 [ | W+bb/cc E
0 W +jj C

[ Multijet
100

085 09 095 1
WH ME Discriminant

28



Summary of Analyses

WH—-lvbb: ev, mv, single-tag, double-tag

RunllA+RunlIB: 1.7 fb! (4 analyses)
ZH—-vvbb: ZH and WH(missing lepton) signals
RunlIA: 0.95 fb’! (1 analysis)
ZH—lIbb: ee + mm, single-tag, double-tag
RunllA: 1.1 fb! (4 analyses)
H—-WW: ee, em, mm

RunllA+RunlIB: 1.7 fb (3 analyses)
WH-WWW: ee, em, mm

RunllA: 1.0 fb’! (3 analyses)

15 analysis channels, 11 Higgs decays!

29



Testing the Higgs FC MSU HEP Seminar
, "BME  Sept 25", 2007
Hypothestis

X Assuming we've assembled all the pieces properly, proceed to test our two
hypotheses: HO and H1

X Tevatron = utilize both Bayesian and as-Frequentist-as-possible treatments
Uncertainty on nuisance parameters generally only has a Bayesian interpretation

Access to the subsidiary measurement isn't guaranteed, generally nuisance
parameters are some number for which we apply a non-Frequentist belief
distribution

X Bayesian treatiment: choose an appropriate prior and integrate likelihoods
over nuisance parameters

Choice of prior: flat in non-negative number of expected signal events (Heaviside
step function / Jeffrey's Prior)

X Semi-Frequentist approach (CLs): use likelihood ratio as a test statistic and
simulate pseudoexperiments to populate distributions for HO and H1

Vary nuisance parameters according to their Bayesian credibility distributions in
the pseudoexperiments to obtain the “prior predictive ensemble”

We find CLs usually gives slightly better sensitivity, and fewer coverage issues
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The CLs Approach RE  Sept 25", 2007

X Adopt Bayes-type definition of confidence levels

This normalization can help remove ambiguity of poorly modeled bkgds

CL

CL =1-—22
; CL

b
X Use likelihood ratio for search test statistic

Not a discovery tool!

Distributions of simulated outcomes are populated via Poisson trial with mean values
given by b-only or s+b

Systematics are sampled for each Poisson trial, correlations propagated

s—l—b

N N crannets N bins ( g+ b ) ' b i lJ
Q( ’ b’ ncand> H ' / |
i=0 =0 nij' nij'

Log likelihood ratio monotonic in number of candidate events

Channels btns

~2In(Q)=2s,, -2 2, 2. n In(1+ ”)

i=0 j=0 blj
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CLs in Pictures B™E  Sept 25" 2007

X Model repeated outcomes of the experiment via Poisson distribution

Simulate Signal+Bkgd and Bkgd-Only outcomes based on predictions

Uncertainties on nuisance parameters folded in via Gaussian smearing

Black line: Observed LLR value
(LLRobs)

Determined by data
Green: Bkgd-only hypothesis
CL, is region to right of LLR

Equals ~50% for good
bkgd/data agreement

Red: Signal+bkgd hypothesis
CL__ is region to right of LLR

o
=)
N

Probability Density
= o
=] =)
e h

0.03

0.02

0.01

— S+B LLR
B-Only LLR

= Observed LLR

32



h MSU HEP Seminar

CLs in Pictures B™E  Sept 25" 2007

X Model repeated outcomes of the experiment via Poisson distribution

Simulate Signal+Bkgd and Bkgd-Only outcomes based on predictions

Uncertainties on nuisance parameters folded in via Gaussian smearing

Black line: Observed LLR value
(LLRobs)

Determined by data
Green: Bkgd-only hypothesis
CL, is region to right of LLR

Equals ~50% for good
bkgd/data agreement

Red: Signal+bkgd hypothesis
CL__ is region to right of LLR

= S+B LLR

o
=)
N

— B-Only LLR

== Observed LLR

o
(=]
B

Probability Density
=
th

0.03 . .................................. CLs+b ....................
n-nz | 2 . ..................................... ........................................
0.01 ..................................... ........................................

O 10 15
LLR

“Data excess” scenario 33
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Profile Likelihood DE  Sept 25", 2007

X Now we can get serious about systematics and limits
First define the best fit of our MC model to data

> k
Assume background transforms as: X = X l, Hk ( l+o ; S k)

Where S_has a mean of 0 and width of 1 (unit Gaussian)

Our “educated guesses” to size of uncertainties must be taken into
consideration along with data/MC shapes

These can (should) be limited via our previous discussion

Need to change our estimator to penalize departures from input
distributions

Minimize estimator by varying S_values!

Likelihood now a function of nuisance parameters

X

X’=2) (X, —D)—D In

T2,

l

D

34
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Sidebands in CLs "M Sept 25", 2007

X The CLs approach does not have sideband constraints a priori

X But we'd still like to benefit, otherwise significance can be severely
degraded via marginalization

X Several solutions exist in statistical literature, we choose to maximize
likelihoods over nuisance parameters:

A

L(x|0 , 0 Two maximizations performed
RI’VS P
Q — = <«—independent of physics parameters,
once for each pseudoexperiment

L(x|6,.0)

x 0 z; - Physics parameters in H1, 0 ro - Physics parameters in HO

x 0 g Nuisance parameters which maximize L for H1

¥ @ :Nuisance parameters which maximize L for HO

S

X If sidebands are unambiguous, optionally maximize just once per
pseudoexperiment — introduces bias in sideband selection

35
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Maximum Likelihood Fits "W Sept 25", 2007

X Nominally, finding best fit for nuisance parameters makes both H1
and HO match the data better

X In practice, improves separation of

@ 450 F | 5
H1 and HO in -2InQ distributions: g ‘3"5’3 -
effective constraint on size of ::ct sdly
nuisance parameter uncertainty :g ol
X We rely on MINUIT for fitting, ke 1(5)3 g
assume same answer for identical "60 40

problems

—

o0 S

(= (=

(=) (=
I I

X Question: Doesn't this mean your
uncertainties are overestimated?

N

(=3

(=)
\

Pseudoexperiments
[\ [
[l [l
(=) (=)
I I

X Answer: In many cases this is true, but
subsidiary experiments for constraint 60 -40
are often unavailable.

o
T
-

36
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LLR

LLR, 2-6

5 LRy 2¢
- W LLRg 10
datd deficit wwer LLR

-0.5

datg, . . WH (H—bb) Combination ; | | | _ _ ,
| . DO Preliminary, L=1.7 f6 S D@ Preliminary, L=0.9-1.1 fb'

L 1 I | 1 | | ! [l [l 1 [l E [l | 1 [l E L 1 1 E 1 L [l L | L L 1 1 L L 1 L 1 L L E L Il L L | L L 1 1 | 1 L L 1 | L 1 Il 1 1 L 1 L L E Il L L L
115 120 125 130 135 140 145 105 110 115 120 125 130 135 140 145
m,, (GeV/c?) m,, (GeVi/c?)

1 1 1 1 ! Il 1
105 110

. LLRg2wo
5 M LLRg 1o
3_ ............... ,., .................... , ........................... , ...... LLHE

i “ e LLRg g
Py SR . — LLRggs

LLR

X LLR profile vs Higgs mass

Dashed lines show S+B and B-Only
mean value

Shaded bands indicate 1- and 2-0
variation of B-only distribution

Solid black line indicates data § HoW'W +§WH—> w

- | D@ Preliminary, L=1.0-1.7 f5’
_I L L 1 I L L | 1 I L L L L I 1 L L L I 1 L L 1 | L L L 1 I L L | L I L L L L
-420 130 140 150 160 170 180 190 200

m,, (GeV/c?)

observation




Limits on Htggs Production

S °E LLRg2c
- 4:_...5...-LLF== 1o
SR T LLRg
3:__ .I.IILLRS-Q-B
2 1 + i
1 ______
0
-1
-2
30 A
- D@ SM Higgs Combination
-4 :
- | g Dﬂ Prellmmary, L=09 1 ?fb
1 Ll 1 1l I Ll Ll I Ll 1 | i ’
510 120 130 140 150 150 170 150 190 mc
mH{Ge‘JIc]

Limit / o(pF—WH/ZHH)=BR(H—bb/W W)

-
Q
|

-k
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"BME  Sept 25", 2007

... SM Hi 5 Combination......... ' N
Dﬁ .................. gg ................... bl .............. " ........ m— Observed Limit ...

mH = 115. GeV

- : : ' : ::5:::Standard Mnd&l::;;::.’l;ﬁ::::::
D s SO oAt o
110 120 130 140 150 160 170 180 190 200

m,, (GeV/c?)

Combined results for 15 analysis channels covering 0.9-1.7 fb™!

Results reported as ratio of 95% CL limit on o XBR to standard model

expectation = Sensitivity to SM achieved when R<1.0

Analyzed luminosity depends on analysis channel & understanding of bkgds
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Combined Tevatron Limits "DE  Sept 25", 2007

CDF+DZero combination evaluated by the Tevatron Higgs Working Group
CDF adds similar search sensitivity in all analysis channels

Total luminosity per channel varies between experiments: “snapshot” of progress

. (y Tevatron Run II Preliminary
= 1
2 00 ----- DO Expected [=0.9-1.9 fb .
) T CDF Expected '
B e Tevatron Expected
S 10 % — Tevatron Observed
[
451 N,
o SN
B
4 SM
ﬂ PRI IR SN NN S TN N SN SN T S [N T S S NN SN W AT S A NS T S A NS S A
[10 120 130 140 150 160 170 180 190 200
m(GeV/c™)

Obs (exp) = 7.8 (4.3) @ mH = 115 GeV
Obs (exp) = 1.4 (2.5) @ mH = 160 GeV 39
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Combined Tevatron Limits "DE  Sept 25", 2007

CDF+DZero combination evaluated by the Tevatron Higgs Working Group
CDF adds similar search sensitivity in all analysis channels

Total luminosity per channel varies between experiments: “snapshot” of progress

Tevatron Run II Preliminary L=0.9-1.9 fb"'
L B L B B LN B LA N AL IR IR R
15 R DO Expected (LP-07) ]
T - CDF Expected (LP-07)
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— DO Expected (Updated Sep-07) .~
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)
b
.
-
u
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bbbbb
.......
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95% C.L. limit 6(Higgs) /SM
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Obs (exp) = 7.8 (4.3) @ mH = 115 GeV

Obs (exp) = 1.4 (2.5) @ mH = 160 GeV 40
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Missing Pieces "DE  Sept 25", 2007

L. SM Hiaas. ﬂomblnatmn ........ T
_m .................. gg ........ = Observed Limit ...

Do Prellmlnary, L=0.9-1.7 fb'

General Issues

Many channels systematics-limited:
growing dataset reduces uncertainties

More powerful analysis techniques
become feasible with growing dataset

| mH - 115 Gev
Currently have only ~55% of desired I s S S SN S N S—

branching fraction C | ' Standard Mudel::;::.‘l“ﬁ::::::

Limit / o(pp—WH/ZHH)xBR(H—bB/W'W)
=

-

ll]l]]lIlllll]l]JJILIJ.llJlJJlIJ.|J.llJ|.JlJJJ.IJ.ll

110 120 130 140 150 160 170 180 120 200

Recovery of efficiency via fiducial volume m,, (GeV/c?)
Low Mass Higgs (H—bb) High Mass Higgs (H-WW)
Dijet mass resolution drives sensitivity Initial neural network treatment
suboptimal

ZH-vvbb: Only using 0.9 fb!, updated
analysis in approval process Tau channels and hadronic W decay

analyses under development

WH-tvbb: Analysis under development
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Major Challenges NE  Sept 25", 2007

X Low mass: dijet mass resolution

Still dominant variable in NN & ME analysis techniques
X Currently at ~18% = goal closer to 10%

Studies indicate ~14% is achievable soon

Largely determined by calibration of calorimeter

NN-Weighted Dijet Mass

Effective Lumi

1] . = 2.2r
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i =QCD 2 18
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: molhS, S 1.6F
C OwH o
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0
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. 1
b3 0.8
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NN output - 2 tags 42
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Challenges

ajor

M

-Tag NN Output

B

— Background

04

0.2

X Current b-Tag algorithm is

NN shape not used in analyses

NN based

due to modeling of tracking

Studies show ~30%

improvement in sensitivity

possible
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Major Challenges NE  Sept 25", 2007

X High Mass: uniform background reduction

Signal kinematics change significantly over 100<m <200 GeV

Dominant background(s) change as a function of mass
More data statistics needed for careful optimization

x Studies indicate 20% improvement possible for 100<m <140 GeV

Events

mH=160 GeV mH=140 GeV
- H->W'W—ev,uv —e— Data "E - HoW'W ey, —e— Data
102 D@ Preliminary, L=1.1 f5' . Sum of Backgrounds Q .. D@ Preliminary, L=1.1 f' Sum o Backarounds
= Ll =
= —— Signal - e Sig Nl
10 _+_ 10 =
1 —L— -+ -+ [ IWM— 1
107 E—I- |—| 107 =
10_2 _n o et b b by bl by 10_2 _. L L
0 ©01 02 03 04 05 06 07 038 09 1 0

NN Output
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Senstitiwvity Projections "N Sept 25", 2007

Can project sensitivity as a function of analyzed luminosity

Analyzed luminosity = ~80% of delivered luminosity
5.5 fb! = ~7 fb" delivered in 2009; 6.8 fb! = ~8.5 fb! delivered in 2010 (if funded...)

Two benchmark scenarios:
Coasting: no improvements beyond what we have TODAY

Known improvements: achieving potential for known sources of improvement

Coastlng Known Improvements

B Dﬁx 2 Lummosrty Prolectlon

e ==—95% GL Limit -

| =35 Evidence

Analyzed Luminosity / Experiment (fo")

Analyzed Luminosity / Experiment (fb™)
=

_l_l‘ll‘1l1l111ll1l‘1lll1I1l1|l‘1|’1l1l‘|l1ll

110 120 130 140 150 160 170 180
m,, (GeV/c?)
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Sensitivity Projections AE  Sept 25, 2007

What if we're lucky (or unlucky)?

Analyzed Luminosity / Experiment (b

Shaded bands indicate regions enclosing 68% of simulated data outcomes

As expected, depends strongly on what we observe!

Region near mH=130 GeV still difficult...

3-Sigma Evidence
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LHC Timescale ™E  Sept 25" 2007

LHC predictions show broad discovery potential in 10 fb™' (exclusion requires less)
Low mass Higgs is particularly challenging at LHC
First LHC Higgs search results should be available by summer to fall 2009

Tevatron search will be very mature at this point
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Conclusions DE  Sept 257, 2007

X The Tevatron experiments have demonstrated a robust Higgs
program in their first 2 fb™' of recorded data

DZero Only: Observed limits at a ratio of 8.3 (2.5) to the SM at
mH= 115 (160) GeV

Tevatron combined: Observed limits at a ratio of 7.8 (1.4) to the SM at
mH= 115 (160) GeV

Expect 7-8 fb' by August 2009, more if 2010 running approved

Working to demonstrate “faster-than-lumi” increases in sensitivity

X New analyses and improvements frequently available

CDF & D@ will soon update low mass analyses, D@ will update at high
mass, CDF will deliver WH-WWW

X Higgs physics in Run II of the Tevatron is very exciting

Timing of first data from the LHC will make this an interesting race
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