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Introduction

 ElectroWeak Symmetry Breaking From LEPEWWG

August 2009

 SM allows for Higgs mechanism | —LEP2 ana Tevatron (prel)
» Manifests itself as a heavy spin-0 boson o
* SM predicts most properties and decay
modes of Higgs but not its mass
* Experimental evidence so far:
— Direct searches at LEP exclude
mg< 114 GeV
— Direct searches at Tevatron exclude
a window around my =160 GeV
— Indirect constraints from precision
measurements (my, and m,) favor a
low mass Higgs: m;<157 GeV o~

* CDF and DO are pursuing direct searches
for the SM Higgs over a wide range
100 GeV <my <200 GeV
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* At Tevatron Higgs boson production
1S @ Very rare process

* The search strategy is driven by the
Higgs boson dominant decay modes:
— H > bb for M; < 135 GeV:
* gg > H not possible due to
over-whelming multi-jet background
* Associated production provides
cleaner experimental signature

H > WW* for My, > 135 GeV:
— Since the leptonic W decays provide clean

final states, can take advantage of higher
gluon fusion production cross section.
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Secondary Channels

Secondary channels

* Di-photon channel
— Low backgrounds

— Good reconstruction efficiency

— High mass resolution

* Di-tau channel
— Higher branching ratio
— Enhanced in MSSM

* Each channel alone has no great

sensitivity

— However, their combination 1s
equivalent to a primary channel
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ppbar collisions at 1.96 TeV
~ Peak luminosity 10** cm?s!
. Weakly integrated lum ~50pb 1
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The CDF and the DO Detectors

Muon systems

EM and Had
Calorimeters

Solenoid

Tracker

Silicon Vertex Detector
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SM Higgs to diphoton

* Advantages

— Clean signature compared to H > bb
— Mass resolution limited only by EM

'H—yy MC Resolution for M, = 120 GeV/c®|

S 90001

calorimeter (1o diphoton width ~3 GeV' § an- ﬂ

compared to 1o bbar width ~16 GeV)  § :::: Mear 20 0m?
— Sideband fits can be used to estimate "l o

background oo =25%

. e e . . 3000 Yy

— Contributes sensitivity in My, range 200

less accessible to primary searches 10001 COF Run I Preminary

S 7080 % T00 110 120 130 140 i

M, (GeV/c

* The Challenge

— Small branching ratio
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vent delection

Use a Neural Network for ID
* trained on Jet vs. Photon MC
validated with Z-> 11+ vy data
Reject candidates with low NN output

Separate candidates between NN 1n
midrange and high

 Categorize events into 4 categories
* Pass, Fail x2 candidates

0.35F- pg preliminary, 8.2 fb'
-
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Fraction of events/0.05
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w
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0

 Using 4x4 efficiency matrix, derive 3
S 5107 reliminary, 8.2 f6'
the number of events from vy,yj,jv.j] B ap e 52n
* Shape from low NN score data sample D * data
10 background
0k o signal (M _=120GeV) x 50
N frl _ E x N Jy 10 ﬂ
Npg Ny; '
Npp Ny v " |,

102 111 I 11 1 I 111 I 111 l 11 11 I 111 l 11 1 I 11 1 l 1
-1 08 06 -04 -02 -0 02 04 06 08 1
MVA output
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Background Modeling

-1

h—- vy CDF Run |l Preliminary, 7.0 fb
» Fit made to sideband regions of M., .f Diphoton Data .
Q10° | Central-Central
distribution A
Qw0
» Use a six parameter polynomial times g 1k
exponential to model smooth QCD £ F
. . . Lu1° E
diphoton background contribution :
06080 100 120 140 160 180 200 220 240
* Fit is then interpolated into the My, (GeVie
12 GeV signal region ]

Residual for M, = 100 GeV/c?
Central-Central

Event selection

* NN for Central region
* Converted photon are recovered

(data - fit) / stat error

80 100 120 140 160 180 200 220 240
M,, (GeVic
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RGRLER

g 80 95% C.L. Limits for h— y v (7.0 fb™)
= = DO preliminary 8.2 fb' = 60 CDF Run Il Preliminary
> 70F T 2 imi
ﬁ - .. ~ - —a— Observed limit
= 60 Observed limit = 50~  —+— Expected limit
§: - -=--=- Expected limit =~ L [ 1 sigma region
@ gof- I Expected limit + 1 s.d. 1 o T 2sigmaregion
e F Expected limit + 2 s.d. ;{ n
g o 5 30:—
2 a0 -
- 20

20— -

O °:'11')0""11'0'"'150""150""14'10'"'1%0"
100 110 120 130 140 " [gov] M, (GeVic)
Limits @ 120 GeV e Expected limit @120 GeV
Expected limit: 11.3 13.0xSM
Observed limit: 12.4 e Observed limit outside 26 band @

120 GeV, but reduced to < 2¢ after
trial factor taken into account
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Combination Results

Observed @ 120: 13.4xSM

Expected @ 120: 8.3xSM
This 1s deepest existing

investigation into this

channel — a channel that’s
very different from H-> bb

Reaching within one order

of magnitude of SM
prediction!

Tevatron Run Il Preliminary H—yy L=8.2 fb"

{

W ftoExpected
[ i2cExpected

Rt
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BSM Higgs (Fermiophobic)

We also consider a “benchmark”
fermiophobic model

A two-Higgs doublet model
extension to the SM

No gluon fusion production
Only VH and VBF
Assume SM cross sections

Branching ratio 1s enhanced
significantly

= 08
o 0.7

o
®

Branching Fractions
° o
> o

e
N

o

bb

Standord Model Higgs
BF(y) < 0.001

2 1

120 140 160
Higgs Mass (GeVv/c?)

Bosonic Higgs
H—>VV
V=9yWZ

2z’

e
—— s s 14—
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Fermiophobic Higgs Results

For comparison:

— LEP Limit: 109.7 GeV

CDF

— Expected limit 111 GeV
— Observed limit 114 GeV

DO
— Expected limit 112 GeV
— Observed limit 112 GeV

CDF limit of 114 GeV is currently
world’s best limit on h, pending

Tevatron combination

7/21/11

A. Kasmi
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DO preliminary, 8.2 fb'
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——NLO prediction
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SM Higgs Searches with T leptons

* Channels: 3%, 3%,
- 6%
H-> 7 - T T TeT 1
* The Challenge 0, ‘3‘ T
€l
— Difficult ID T !
* Multiple decay modes 23%
e Type l: t+/-> a7 v Th‘re

— CAL + TRK and no EM subcluster

e Type2: 7> a"a"v 0
— CAL + TRK + EM subcluster 23 '6' 1"h‘l'. I

* Hadronic T are jets, but narrow with mostly 1, 3 Tracks
— QCD jet fake estimates hard
« Difficult reconstruction T-> 7 + Na’ (1 prong)

— Only part of energy visible T-> wwa + Na' (3 prong)
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Events

Search for H - 77 in VH, VBF, and
gluon-gluon 7, 7, and 7, 7, (BR 46%)

Control regions:
a) Z->7t enriched
b) W +Jets enriched
¢) QCD enriched

Signal regions
a) 1 jetin the final state
b) >= 2 jets in the final state

CDF Run Il Preliminary I Ldi=6.0 fb"

U, =120 GeV/c®

. ® DATA
2 jets channel

Ty de

Z see
| e
[ fakeg from SS data

[EER] 2a3pn Wijets

pon

o

-1.0

-0.5 0.0 0.5 1.0
BDT (Z—str vs H) & BDT(top vs H)>0.0 & BDT(Z—> ee/up vs H)>0.1

Events

10

MissingE

Control Region Njets =0

CDF Run Il Preliminary r Ldt=6.0 it

400

—Z— Tt control region, O—fe't

- DATA
-Z—>1:1:

Z — ee

200~

05

Bz s

- fakes from SS data

-V add-on W+jets
)

B top

- diboson

100
M op[G eV/c?]
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e Search for H - 77" in VH, VBE, and
0
gluon-gluon 7, 7, and 7, 7, (BR 46%) = ‘ |
* Control reg CDF Run Il Preliminary Ldt=6.01b"
= s — : ey
a)Z>tre v 3 Feesied
b)WHlet = . Zihy* =
o1
c)QCDe o
* Signalregi = Missingky
. L :
a) ljetir & g n Njets =0
b) >=2jc E 10
J 0
g  mete G| e
3 3 2 jets channel 5\‘; _ z
o e
w0 °© 1% B e o 23 e
M, (GeV/c?) B3 oson
.
050 -0.5 0.0 0.5 1.0 1 60 o
BDT (Z—stt vs H) & BDT(top vs H)>0.0 & BDT(Z—> ee/pp vs H)>0.1 M, [GeV/c®]
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Higgs boson 1n the jets final state w

* NNs are used to select tau B oo
@ e data
Candldates §250 = nsllgnalxzso
N =$+]ets—> Iv+jets
=0 B zulee okt
 BDTs are used to characterize 150 = DiBoson
differences between events 1o Combined BDTs for uzj
o . . . . 50
originating from specific signal o

-1-0.8-0.6-04-0.2 0 0.2 0.4 0.6 0.8 1

and background processes cBDT

-1

* Information from the individual
trees are combined into a final
BDT to obtain the best possible
overall discrimination

Events/0.2

Combined BDTs for etjj

-1 -0.8-0.6-0.4-0.2 -0 0.2 0.4 0.6 0.8 1
cBDT
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SM Higgs boson 1n the 777~ + 2 jets final state 2 7*5

 NNs are used to select tau
candidat . n _ °
* BDTsar =
differenc 7 rugj
originati X
-~ 1 0.6 0.8 1
and back ® cBDT
B E T o Obsemed Limit )
. Informa - _ ................. . Expected Limit - o .............. .............. yl1=-43fb"
I P — A ——
treesare | -Exgected+25d ...... ;_.._Standardmde, ...... - x et
overall¢ 1
M ot W S W o
100 110 120 130 140 150 160 170 180 I:]ic(laes)oo o=

cBDT
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SM Higgs to Tt in VH channels

| hT case I CDF RUN Il PRELIMINARY @ 6.2 fb™”

| | | . WZz/zZ

. ww
s | e Ry [ Z+jets/Zy

: 1 Top
e b [ W+jets/Wvy

g ] QCD etc.
s ] Total Err.

C —=— Data

=== Signal < 200

Nev

* Signal processes are:
WH > lvtrand ZH > [l

* Select 3 or 4 leptons including at
least one hadronic tau candidate

5

O - N W H 00 O N O ©
R RARARE A

(6] 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9 1
Response

I Lgz LoxbL<LyxL =L,

CDF RUN Il PRELIMINARY @ 6.2 fb™”

* To improve search sensitivity,
use Support Vector Machines
(SVM) to discriminate signals
from backgrounds.

2

—e— Data x

—— Expected -

[:I 68% of P.E. i
------- " [ e5% of P.E.

95% CL Limit/SM

e
(@]

100 110 120 130 140 150
my, (GeV/c?)
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— L —

Expected ttH cross section is small

~4 fb at M; = 120 GeV

— Anomalous top couplings or new

physics however could enhance this

Cross section

ttbar production 1s the main BG

Select events with high p lepton

and large missing E
At least two 2 b-jets tagged

Sample divided into two categories

— Four jets

— Five or more jets

Events

a1

8
Number of Jets

E;>20 GeV
Im|< 2.0
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{t carc

m, = 115 GeV Ensemble output, 4 jets, 3+ tags

CDF Run Il Preliminary, 7.5 " . ~ ttH > ljets.

—+— data

Events

— ttH 120x500

.tfH 120

 Ensemble discriminants trained at
cach mass point

W/Z+jets

. Single Top

. DiTop

* Other channels which consider s
events without a lepton in the final ~ ® o 02 03 o3 s o5 0705 "0s
State are also analyzed (nOt m,, = 115 GeV Ensemble output, 5+ jets, 3+ tags

ﬂ | Preliminary, 7.5 fb”' ] ) ttH > l+jets
. g E : E -4 data
discussed here) i 10
- : 3 — ttH 120x50
i ..................................... ................................. Wit 120
IS R B ; [ Muttijet
6 ; ; N R S LD R e Rt S
A I I R [ piboson
4 __ AAAAAAAAA ; ; I ; W/Z+jets
B : . Single Top
2 .........................
- [oitop

01 02 03 04 05 06 07 08 09 1
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ttH Search

m, = 115 GeV Ensemble output, 4 jets, 3+ tags

§2) CDF Run Il Preliminary, 7.5 " ' ~ ttH > ljets.
c 16C i : i i i i : : :
(20 CE R -4~ data
e E 1 A% 4 4t A 4 750 S A I N N S N
nsem — tiH 120x500

CDF Run Il Preliminary (7.5 fb™)

eachm: = o] e Wi 120

015 jets, allitag categories

60 —EEEEEEN Expected

+10 .WIZ+jets

e Anothei 50 E

95% CL Limit/SM

20 l Single Top
include " Mo
conside -

30 frennttil
: E Is
e i ttH > l+jets
20 : i ' -4 data
10 Feannnzzs wnrnnee®” : . — tiH 120x50
: : R OO SO . tTH 120
1 1 1 1 i 1 1 1 1 i 1 1 1 1 i 1 1 1 1 i 1 1 1 1 i 1 1 1 1 i 1 1 1 1 . Multijet
100 110 120 130 140 150 160 170 ...................................... .
. Diboson
a :_ ......... ; : . W/Z+jets
_ : . Single Top
2 7 | . DiTop

03 04 05 06 07 08 09 1
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Conclusion

* Tevatron still collecting data with very high efficiencies
* Secondary channels contribute to the combination at the 5-10% level

* Light mass searches at Tevatron are improving rapidly
— Sophisticated techniques

— Considering more channels
 Diphoton final state channels
 Di-tau final state channels
 ttH channels
* All hadronic channels (not mentioned here)

— Larger data sets
* Tevatron is still in the game of low mass Higgs searches

Please check the public webpages of CDF and DO for the details of
cach analysis
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