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The Case for the Higgs ‘Fdh 3’22?3”“2333

The Standard Model of particle physics
Describes known particles & interactions
Does not describe mass generation

The Higgs mechanism may be a solution

The mass of the Higgs boson is not
predicted

If it exists, the mass must be
determined experimentally
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Experimental Constraints ME  June 3 2009

X The interactions between SM particles and the Higgs give indirect evidence

Direct search at LEPII resulted in lower mass bound: MH>1 14.4 GeV

Refinements of top-quark and W-boson masses can indicate Higgs mass

Mtop CDF+DZero: 173.1 * 0.6 (stat) * 1.1 (syst) GeV

M : Tevatron measurements on track to dominate world average
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Indirect Experimental Evidence DL June 3 2009

X The interactions between SM particles and the Higgs give indirect evidence

Direct search at LEPII resulted in lower mass bound: MH>1 14.4 GeV

Refinements of top-quark and W-boson masses can indicate Higgs mass

A fit of precision electroweak data yields: M < 185 GeV at 95% CL
(M, < 154 GeV not including the LEP II limit )
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Indirect Experimental Evidence DL June 3 2009

X The interactions between SM particles and the Higgs give indirect evidence

Direct search at LEPII resulted in lower mass bound: MH>1 14.4 GeV

Refinements of top-quark and W-boson masses can indicate Higgs mass
A fit of precision electroweak data yields: M < 163 GeV at 95% CL
(M, < 191 GeV including LEP II limit )
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Probing the range 100 < M < 200 GeV is the crucial next step |-
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X Generations of physicists are eagerly awaiting the next chapter

The Tevatron is most sensitive to the Higgs in the range 100 < M, < 200 GeV

Dedicated lab-wide efforts are making this goal a reality!

Steadily Improving Accelerator

& Detector Performances
b b

The Tevatron:
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SM Higgs at the Tevatron ‘Fdh poniiinsisd

Production]
gg—H ]

—
o
T

ﬁiggs production via gluon fusion \
dominates at the Tevatron

Large multijet background makes fully
hadronic searches difficult

Cross section (pb)

o

Next largest rate is associated production
of W/Z bosons + Higgs

Leptonic decays of W/Z bosons provide

tag for trigger and analysis 100 120 140 160 180 200
K / my (GeV/c?)
\.-‘___—‘

Decay?

| Excluded by LER

Gow—mass Higgs (M <135 GeV ) prefers to \

Branching ratio

decay to bottom-quark pairs 0.1}

Need efficient identification of bottom
quarks to reduce backgrounds

At high mass (M _>135 GeV ), search for H-WW

10-2¢

Potential for an off-shell W boson allows

non-resonant production ‘0'310:7%0 T80 200
my, (GeV/c?)
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Higgs Search Channels DG June 3 2009
/ Associated Production: Low mass only, 3 final states \

ZH—-vvbb

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

.

These are the major search channels, but the Tevatron has a
comprehensive search program exploiting many other production
and decay modes in an effort to maximize search sensitivity.
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X Identify events consistent with W decays

Trigger on electrons or muons

Select significant missing transverse energy
(MET) as a signature for neutrinos Jet

X Select events with 2 or 3 jets

Eventually require b-tagging, but much effort e Hadvonic
. . i . .
goes into understanding W+jets modeling at ) Calorimeter
pre-tag levels Electromagnetic
Calorimeter
) r CDF Run Il Preliminary 2.7 o
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. . £ — =
X Di-lepton Z boson decays make this channel: & 220 D@ Run Il Preliminary (3.1 f5")
. o . g 2000 uu
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multijet background, reconstructed Z 1600

. . 1400
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X Select two leptons & at least two jets

Require little or no MET
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X For ZH—-vvbb the search is more difficult:
no charged leptons!

7

Rely on large MET (neutrinos!)
Jet 1

Backgrounds:

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

“Instrumental”: Multijets with mis-measured jets Jet 2

Trigger on large MET + 2 jets, veto on leptons,

remove events with back-to-back jets. Multijet Control Sample
Exclusive Single-Tag
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b-Tagging

Decay lifetime

Primary vertex

Displaced tracks
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Background reduction
via the identification
of displaced jet decay
vertices ( b-Tagging )

Typical tag efficiency:
50-70% real b-quarks
0.5-5% light quarks

Categorize events based on
number and quality of
b-tagged jets. Select
orthogonal samples of:

Two b-tagged jets
Exactly one b-tagged jet

Wade Fisher
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[ J [ J [ J
Multivariate Analysis e June 37 2009
Multivariate techniques are used to S sl T g prefiminary (1.2 fb)
improve signal to background ratios P ;EEI
= B Z+jets(.f.)
Boosted decision trees z i e
Neural Networks e 5

Matrix Element Discriminants
Typically achieve S/B of ~1/10-1/50
S/B ~1/100 for dijet mass alone
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Searching for HHW'W

bt

x For M _>135 GeV, Higgs decays to W boson
pairs is the dominant decay mode

Gluon fusion is the dominant production
mechanism

Also can include “cross efficiency” from
associated production
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X Select only leptonic W-boson decays to reduce
the very large multijet backgrounds

Use Z mass for normalization, veto region near peak

Include all Higgs production/decay processes: W/Z+H,
vector boson fusion, etc.

IElectron + Muon Invari|al1|nt Mass

LA LI L L L L L L Y L L BN |

Di-Electron Invariant Mass
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X Require large missing transverse energy signature from neutrinos
Preselection removes W/Z+jets, but SM W'W" production remains

Two-neutrinos = cannot directly reconstruct the Higgs boson mass

X Scalar Higgs (spin-0) provides discrimination due to spin correlation

Leptons prefer to be collinear

Missing Transverse Energy

Significance
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X Neural Networks are used to enhance the H-W"W" search

Input variables derived from: p_ of leptons, MET, A¢(L1), A¢p(MET.,]), M™(L,])

L a) E T P _ -1
P - D@ Prehmmary, L=3.0-42 fbl Y _CDF Run Il Preliminary _[L_s.s 1b
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15

10
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NN Ouput

1 9

NN Output

X Can also optimize this signature into final states of # of jets
O jets: almost exclusively gg—H—-W W' signal
1 & 2 jets: ~equal contributions of W/Z+H, vector boson fusion and gg—-H—-W"W" signals
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Results presented at Moriond 2009
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Combined results for all Higgs search channels for each experiment

Both experiments find limits within ~2.0XSM at M_ = 165 GeV.
MH=115 GeV: CDF / DZero 3.6/3.7 (3.2/3.6) observed (expected)

MH=165 GeV: CDF / DZero 1.5/1.3 (1.6/1.7) observed (expected)
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Tevatron Run Il Prellmmary, L=0.9-4.2 fb™ +
t% W LEP Exclusmn ' Tevatron
2 / I o Exclusion
E10 [0 = .gbgg*;';;’cted__ B .l T — J F Tevatron RunII Prelmnnal}' . = 1-CLs Observed
d et T P Te00:4260 L ek 1:CLs Expected.
2 - March 5, 2009 T Expected £1-6
& (£ - o Epected 420
1 0055 _95%C.L.
bt pen i pn oo 'I."'.i!:Marchszaog_
100 110 120 130 140 150 160 170 180 190 20 0.9 . 20%C.L. |
mH(GeV/c ) 5 5
0.85
: SRR | Ll L.l

150 555 160 165 170 175 180 185 190 195 200
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Combined CDF+DZero results in 0.9-4.2 fb™!
Higgs boson with mass 160 < M_< 170 GeV excluded at 95% CL

MH=1 15 GeV: 2.5 (2.4 ) observed (expected)

MH=165 GeV: 0.86 ( 1.1 ) observed (expected)
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Tevatron Run Il Preliminary, L=0.9-4.2 fb™

.‘rr[ "-'.",'f .......

5 N LEP Exclusmn HSAALG Tevatron ==
'.E ' M’... Expected Exclusion
Z10 — omeved / S —
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Sensitivity-weighted lumi analyzed:

M =115 GeV: 2.6 fb!

H

B 150 155 160 165 170 175 180 185 190 195 200
M_= 165 GeV: 3.8 b m,, (GeV/c?)

H

Combined CDF+DZero results in 0.9-4.2 fb™!

M =115 GeV: 2.4 expected

MH=165 GeV: 1.1 expected
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Can project sensitivity as a function of analyzed luminosity
~5.5 fb! analyzed in 2009
~10 fb™' analyzed in 2011

Benchmark scenario:
Assumes analysis design will remain similar to today's designs
Assumes we achieve potential for known sources of improvement

We expect to improve a broad range of analysis aspects including: dijet mass
resolution, detector acceptance, add missing channels

Tevatron Run Il Projection 1 Tevatron Run Il Projection
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Beyond the Standard Model # poniiinsisd

The nominal SM Higgs mechanism may not be the truth

Reality could be a refinement of SM or more exotic theory, such as Super-Symmetry
Two Higgs doublet models: Total of 8 degrees of freedom results in 5 Higgs bosons:
3 Neutral: h, H, A 2 Charged: H*

MSSM Higgs Production Cross Section

tan (B) = 30

10

In the Minimal SUSY Model (MSSM):

e
tmy
e
twg
......
fm
‘w
Pug
.
‘mw
'

LI \III}'

--------
e
""""""
.....

Need at least 2 parameters to calculate all
Higgs masses and couplings at tree level:
M, and tan(B) (ratio of vacuum expect'n

h/H/A cross-section (pb)

=

values for the two Higgs doublets)

Coupling of neutral Higgs bosons to bottom 10

quarks is enhanced by tan(B), production
enhanced by tan?(8)

MSSM bg—> ¢b (¢ =h, H A)

2 L L Ll I L 1 L
1U1m 105 110 115 120 125 130 135 140

m, (GeV)

In 2HDM extensions to the SM:
Scalar field mixing angle « can lead to different couplings to fermions for h and H
sin(x) for H and cos(x) for h

Limit of x—1/2 yields a Higgs that couples only to bosons: a Fermiophobic Higgs

Wade Fisher Tevatron Higgs Boson Searches
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X Neutral MSSM Higgs decays
bb ~ 90% ; s
” R ¢ il T o
Large background ~
b g Y
T ~ 10% b — TT
More distinct signature
b ——=----- h b e 7
X 3 channels best suited to | 4
benefit from enhanced b-quark g BTOOS—>— ) g
coupling bp — 3b/bTT
b - TT
G o000 Yy—— b aq s |
b¢ — bbb \ -
______ h_ &
b — TTb $ ) _ 1
7 BEET—— b 7 i

bb¢ — 4b/bbtT

X Good b-jet and T
identification are essential Similar overall sensitivities
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xSignal definition: ¢ - TT
1000——————————————1—— ' R
¢ — t7: Isolated e or u separated from 200k CDFRunll 1.8 fb1] |
opposite-signed hadronic v (7" MSSM ¢t Search
600l Preliminary ]
. + had .
b — brt: Isolated y +7** and b jet | observed
400r I:I A—TT T
X Main backgrounds: L]zt
200 [] other EW, tt -
Z—- 717 (irreducible), multi-jet, W+jets, Z—pupulee [ jet fake
0

0 50 100 150 200 250 300
m, (GeVl/c?)

X Z resonance provides built-in calibration DG Runll Preliminary, 1216 by — brT w
B finc.

Z—771 peak helps control normalization

I Single Top

B Z+ouut
Zbb+j—pubb+
e
W+HF+j—lv HF +

BN QcD

B 7+t

' Z+HF +j—>1tb+HF +

- _Daa

and tau energy scale

Top quark backgrounds become
important for b¢p — bt

All Tau Types

oQ
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D@ Prelim., L=1.61 fb™ w
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Train kinematic likelihood
CDF Run Il Preliminary (1.9/fb)

Separate 3, 4 and 5-jet channels N W bbb
S ©00 B bbx
Keep multiple jet pairings G 500 B bcb
T M bgb
Cut on likelihood = 400
Use dijet invariant mass to set limits E 300
a
i 200
X CDF: Winter 2008
100
Use dijet invariant mass to set limits
uﬁﬂ 100 150 200 250 300 350
m., (GeV/c?)
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Limits on MSSM Higgs # poniinstiind

X Limits on MSSM set in MA vs tan(p) plane

X Two common benchmarks
Max-mixing - Higgs mass close to max possible for each tang ¢

No-mixing — ~zero mixing in stop sector — small mass for h 60F

D@ Preliminary, 1.2 fo'

x Reaching interesting point of tan(f)) ~M_/M ~ 35 a0l [ Observed limit 3
top b £ — Expected limit ]
with a fraction of the final dataset 308 LEP 2 E
20F —
10> -
¢—TT + bpobTT %6“"9'0"'1'66"1'1'6"1'56"1‘3'6"1‘5%'1‘(%3;\;'}0
A
-+ —_
%‘1 00 b[b](b bbb 100 MSSM Higgs —t1 Search, 95% CL Exclusion
B i i = - ! : - . y b
- D@ Preliminary, L= 1.0-2.6 fb 90 = @) [Rum I Riielimaiinaiy, A58y
80—
i 200 GeV 80
L m, max,p=- e
i 70
60— o 60
c
I 50
40 -
30 —
L eved it 20 ]
Expected limlt .
B cypectod it £ 2 o 10 -
1 1 IR AR RN RN AT AR RN RNATARR AR RARRRR RRRRA) NRNR) RARARNRRRRRN WRRA
100 120 140 160 180 200 220 0 100 120 140 160 180 200 220 240
m, [GeV/c?] m, (GeVic?)
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Fermiophobic Higgs DL June 37 2009

D@, 4.2 fb preliminary w

X For this scenario, H—yy can be greatly
enhanced. Thus, search for yy mass peak

~3% mass resolution : d:ata
> [ direct yy
X Backgrounds g Bl iv+ii
Direct production, y+jets/dijets, Drell-Yan ‘% []zhy->ee
>
i

X Selection: 2 photons

-y
o

D@: Central, pT(yy) > 35 GeV
CDEF: Central\Endcap, pT(yy) > 75 GeV 10

40 1 180

0 120 1
M,.(GeV)
Adding one EC electron ~doubles acceptance Fermiophobic h— vy (3.0 fb™)

-t
TTIT

CDF Run Il Preliminary

X No excess observed in data, set limits on:

Br(h—vv)

SigmaxXBR vs M|

=9
=]
L
' >
o\
.
~
-~
«

CDF: M _>106 (106 ) GeV obs (exp) L

D@: M, >102.5 ( 107.5) GeV

-
______

E | —*— Observed limit
Benchmark prediction

Expected limit

BR(HHyy) VS MH E 1 sigma region

2 sigma region
----- LEP limit

TeV expts access regions unavailable at LEP 10355090 Son 1o 20 S

m .., (GeV/c?)
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[ 4
Conclusions ™ June3* 2009
é - Te\fatron_RunII Prelumnaly — ]-Ci;s Observed
¥ We are working hard to find a Higgs boson ~1.05; B T

Expected tl-o
Expected +2 i

excellent Tevatron performance 0.95

95%§c.L.

We exclude a Higgs mass of 160 <M _ < 170 GeV 0.9"-“ 90%CL

Progress in MSSM searches is reaching region 0.85)
interesting for theory '

180 185 190 195200
my; (GeV/c?)

150 155 160 1 175

X It's an exciting time to be a Higgs hunter!

Tevatron Run | Prolectlon

1 T T L i e
SM: We expect >3.3x more lumi to analyze for % 0.9 ':::,::';“ ;2000 va /\\\
= : -
M <140 GeV ( >2.2x for higher masses ) g o N\ /NN
H L 07 N
S os ~ "/ \_\
BSM: We are now driving world's best limits in 2 05 @\ // \\\\ -
MSSM & Fermiophobic Higgs 5 NN
2 0.2 NN
& O == AglyzZed LET0 T 7ERp: 3
0.1 == Analyze:i L=5 b l-xp E
o BORUNE, 1, ARy
Expect constant improvement in all areas et .lfofmlz.'n’,pﬂlﬁﬂml“" RN n:a"(G:\',’,cz)” ’
H

as our data samples grow
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