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Tevatron Run Il

D '_-l;,!._“ ‘e pp collisions at Vs = 1.96 TeV

e — (1.8 TeVin Run I).
1.96 TeV o Runll:
Booster - Summer 2001 - Autumn 2011.
[}*1 .. B . Collisions at world highest energy
e 0 until Nov 2009.
PN R T & | « Energy frontier for ~25 years!!
g o Two multi-purpose detectors (CDF

p source

Main Injector
‘e & Recycler

and DO) for wide range of physics
L e studies.

e o R 9 * Delivered: 12 fb.

oo S — Recorded by CDF: 10 fb.

— Recorded by DO: 10 fbL.



Collider Detector at Fermilab
Multi-purpose detector

e Tracking in 1.4 T magnetic field.
> Coverage |n|<~1.
 Precision tracking with silicon.

» 7 layers of silicon detectors.
« EM and Hadron Calorimeters.

T > Op/E ~ 14%NE (EM).
N e > og/E ~ 84%/VE (HAD).
\ - « Muon chambers.

I’ \ \
Tracking Chamber \ Interaction Point

\
Silicon Detector




SI\/I nggs Propertles at Tevatron

cross section (pb)

1.0, ,'_'—"\ ‘!b
. \/_ =] 96 TeV 2 B . / WW
""f Standard Mode
o BR(h...)
c
:
c
o
0.1 S
100 120 140 160 180 200
my, [GeV]
OO N\ * Production cross section: 0(0.1) fb.
F « m_ <135 GeV/c? (low mass):
oNeNe) — Look for WH/ZH with leptonic vector boson decays.
e m_>135 GeV/c? (high mass):
q A H (hig )
“TZT\ — Easiest to look for H>WW with one or two W
i H decaying to lepton.



Status of CDF Higgs Search

CDF Run Il Preliminary, L < 10 fb™' March 2012 CODF Run Il Preliminary, L < 10.0 b
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*s At CDF in the high Higgs mass region (m,>135 GeV/c?):
— We had a state of art analysison H - WIW — lvlv channel.

— Search in the high Higgs mass region were dominated by this
single analysis.

— Not many other channels had been explored.
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Motivation and Analysis Idea
H-> WW -2 |\

H->WW is a promising decay mode for SM Higgs search for
m,2135 GeV.

The branching ratio of WW =  Ivjjis 6 times larger than
ww -2 vl

It has a huge QCD WH+jets background.

We can take advantage of the decay kinematics of the Higgs
(spin=0) in reducing background.

Finally compose Likelihood discriminant for S/B separation.
- Angular distribution between lepton and down type jet.

- Dijet mass, reconstructed higgs mass, .......
W Decay Mode

ﬁH #
Iv~10 %
ud, cs ~ 30 % <—<}%<7 (vy,+




H 2> WW=lvjj and H 2 WW=>Ivlv

by Comp

H=> WW = bl

Easy to obtain very clean search

sample.

— Backgrounds: dibosons (WW,
Wz, 22) , Z/y*, tt, Wy, W+jets

Dominant high mass search mode

at CDF.

2 neutrinos in the final state

— Event reconstruction is very

difficult.

arison

H> WW - |vj

Challenging to control the huge W
+jets background.

— Backgrounds:W+jets,
dibosons (WW, WZ, ZZ), single
top, tt, non-W

Addition of this mode will enhance
CDF sensitivity.

1 neutrino in the final state

— mass reconstruction not too
hard.



Event Selection

* Using 4.6 fb! of data.
* Signal topology: H—> WW = |vjj
* Event Selection:
— One electron or muon
—E; (p;) >20 GeV, |n|<1

— MET>20GeV L
— Exact 2 jets
— E;>20GeV, |n| <2.0

— 60 < M(l, MET) < 100 GeV



p,Y Reconstruction (1)

Can’t measure p,vin a hadron collider!!

We solve this equation:
m(e,v) = my, (=80.419 GeV).
Pick up the solution with smaller absolute value |p,Y|.

Take the real part for events with imaainary solution.
Reconstructed Higgs Mass - ¥
500

400
F All
Correct

300

200~

100
(Input m,;=170)

0,,-|~|-|n|-|u _Lu_;_l_.u_“__- . o NP T
0 50 100 150 200 250 300 350 400 450 500



« Some results of the reconstruction method:

p,Y Reconstruction (2)

input my

imaginary solution

correct fraction

mass resolution(GeV)

150
170
200

16%
30%
31%

62%
49%
48%

14.9
14.4
21.9

Correct : the picked solution is closer than another to MC truth p, value.

* Fit of Reconstructed Higgs Mass to Gaussian:

mH=150

| *”;"W_“.UM.M;“ m H_17O MINROM MM MMRAES 300 a8
Mean ::32: Mm mes
'?’snd w27 ( %‘Ms 817
X dnir 00 ] o I nat 372517
Preb 05105

Constant 2671:84 Conatant 85431124
Mean 1552205 Mean 167203

" 400

Sigma M =052 | Sigema 1435+00

Reconstructed Higgs Mass (GeV)

mH_ZOO "o MM Mathadl bos sn
Eﬁwm 111

Mear 2071

RMS a1

2 I nct 216101

Prob 002709

] Constamt WE4+83

M s 184205

_m 21872058




Higgs Spin Properties (1)

Higgs spin=0 results in strong angular
correlation between the lepton and

up/down-type jet.

* This kinematic properties provide a
strong tool to reject background.

H>WW (m,=170) =)
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Higgs Spin Properties (2)

°» We tag the jet closer to lepton
in Ag as down-type jet.

* Such a jet-parton assignment
reconstructs the event
correctly 88.4% of the time.

H
w W
E£H8 26
q(U) " q(D) :
Up-type quark jet
A (lep,jet) Down-type quark jet =
240 ——
220? —H . E‘-—j
200F- TN |
wo? 1 o | ANE
1405

: SR

1005

80~ M {
| S b
40 = : ‘—L I,_F ,
| |
20 } 1 { 2oy U
OFI P N P PP P o P IS PO W
-4 -3 2 1 0 1 2 3 -



COF RUNN Preliminary (4.6 1)

M, jj

by

gow
50.“
ks

e

o0

CODF RUNI Preliminary 4.6 1)

AR(j,J)

sbl‘
=014
012
01
L
200‘

gou

Likelihood Composition

We compose a likelihood discriminant using six kinematic
variables, in order to improve the S/B separation.

We used W+2 jet MC events to model the background

template.
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Background Estimation (1)

e At CDF, we usually normalize QCD multijet and W+jets
backgrounds by fitting the MET distribution to data.

— QCD multijet shape is modeled with data.
— WH+jets shape is modeled by ALPGEN.

H-WWi—kjj CDF RUNIPrelminary 46 b°) i
a E . Weeg
2 5000— W+q950
& , B Wiaq
s t CEM -
§ 2000 B f B non-W
E3 - E
E | i R T howw im_=1700,
3000 e ==
2000 | -
1000 :— T
r"

°°]
-
=

70 80 S0 100

MET (GeV)



Problem of W+jets bkgd description

We were having a problem describing the W+2jets events
before b-tagging.

Events/(8 GeV/c?)

s 385883

0= 100

—— CDF data (4.3 M)
Bl WWeWZ 4.5%
B W+Jets 80.2%
fow Top 6.5%

B Zjets 28%

S QCD 5.3%

l\ﬂ%\\\\“mm&\\w ——

M, [GeV/c?]

Events/(8 GeV/c?)

L) l T . L] L] I L L} L] L)

150} .

- m—— Bkg Sub Data (4.38™) :

100} | Wz o big syt ]
50¢
off

-w - A l A A A l A A A A
100 200
M, [GeV/c?]

Phys.Rev.Lett.106:171801,2011
“Invariant Mass Distribution of Jet Pairs Produced in

Association with a W boson in pp Collisions at Vs = 1.96 TeV”



Background Estimation (2)

MET fit to obtain crude W+jets/QCD normalization.

Fit the final likelihood discriminant to data with signal and
each background fluctuated within stat. and syst.
uncertainties.

— Break down W+jets into W+qq/W+qg/W+gg, and each
subprocess is floated independently.

— # signal events is also fluctuated.
e The fit returned zero-consistent signal contribution this
time.
— Systematic uncertainties are taken into account in the fit,
including JES and Q? of W+jet subprocess.



Input Variables to Likelihood Discriminant

 Data-MC agreement with this background estimation is good
for these kinematic variables!
— Some other unused variables (jet Et, jet 1, Mt(l,MET)) still suffer

discrepancy, though improved by this procedure.

FLNW. A COF RUNS Pretiminary 6 B

M,

MWW A COF e Premenary KA D)

AR(. )

Number of Events

MWW LA ] COF RUNS Preliminary LGB

—
Wedip

100 150 200
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T
T
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% o5 1 15 2 25 3 Lﬁ"“t""“l"l““

E
ul

Numter of Eveats

MWL COF RUNS Praliminary 6 &)

AR(1,j1)

MW COF R Pratmenary KA R)

lep
p T

2 ¥ &N 0 # N

ie{Lapton HadWy Lapton Pt {Oeic)
Open red histograms show 100xsignal for m =180 GeV/c?.



Likelihood Discriminant

H—-WW-ljj CDF RUNII Preliminary (4.6 ﬂ)") . Sva:z/m
I B V+gg
© 4000~ W+qggq
& F B VV+qq
5 3500 B 2+ Jets
; - | non-W(antiele)
2 3000 B ek
E E e sianalx100 (Mh=180 Ge\/c?
2z =
2500
2000
1500
1000
500
o : l 1 L L l L ' ' [ 4 1 4
0 8 6 4 -2 0 2 4 6 8 10

Likelihood Discriminant
Open red histogram shows 100xsignal for m =180 GeV/c?.



H — WW) = [vjj analysis

Systematics Table

CDF RUNII Preliminary (4.6 fo—1)
Systematic Uncertamnty (%)  signal Electroweak W+qq W+qg/gq W+gg W+H0/lp Z+LF non-W
~  Lummosity CDO 44 4%+ &
Luminosity (levatron) 38 38 38
Tng. EX., Lepton 1D p) 2 )
Ewk Cross Section 6
Signal cross section
Scale mclusive 134
Scalel +Jet -23
Scale2 +Jet 0
PDF 7.6
TSRFSR T |
Jet Energy Scale 3~ 8
‘W+qq Normahzation 20
W+qg/gq Normalization 20
W+gg Normalization 20
W-+)/1 parton Normalization 20

A

W-ets JES quark +10 +0.6s  —2.8s  —5.55 +10.4s
W+jets JES quark —1o —2.0s +2.1s +58s —12.6s
W+ets JES gluon + 10 —85s  —0.5s  +7.0s +15.3s
Wets JES gluon — 10 +9.1s —0.7s —9.0s —0.0s
W+jets Q= shape Q“ = 2.0 +0.2s —6.1s +0.8s  +22.9s
W+jets Q2 shape Q2 = 0.5 +0.7s +9.7s —-4.1s —34.3s

Systematics that also arrect
the background shape

z+jets Normalization 395
non-W Nomalization 40




Higgs Cross Section Limit with .
H —» WW® — [vjj Channel 46

CDF RUNII Preliminary (4.6 fb™)

@ F ggH — WW — Ivjj
- =eee=ss Expected Limit
E BN Expected Limit £ 1o
= 0k Expected Limit £ 20
%) = w— Observed Limit
& [
v —
10

1 llllllll

1 - T I ] l | B . ad Jd o J i 41 l Rl l b l Vi e &
140 150 160 170 180 190 200 210
Higgs Mass (GeV)

*s Excludes o(gg — H)>9.0 X o), at 95% C.L for m, ;=160 GeV/c?.
* Excludes o(gg — H)>19.9 X o), at 95% C.L for m,;=200 GeV/c?.
* QOur student obtained his ph.D with these results.



Summary

*s We searched for H 2> WW - lvjj in 4.6 fb'! data obtained in
CDF Run 1.

* Our analysis composed a likelihood discriminant from six
kinematic variables, in order to improve the sensitivity.

 We set an upper limit on the production cross section of the
Higgs boson:

— o(gg = H)<9.0 X 6, for m_ ;=160 GeV/c? (95% C.L).
— o(gg — H)<19.9 X 5, for m,,;=200 GeV/c? (95% C.L).



backup



H - WW) - lvjj analysis

Likelihood Discriminant

*« H—> WW® - [vjj analysis composes a likelihood
discriminant from 6 kinematic variables in order to improve
Signal/Background separation.

* Signal template is modeled by PYTHIA Higgs sample, and
background is modeled by ALPGEN W+2jet sample.

 For an event with a value for ith  Corfumpmmesy 45%) | jth variable for S/
variable as shown in right plot, the é::jﬂ___ . B separation
likelihood for this single variable is  Zosf | signal

. ' Z oql¢— -
definedas: ; _ i foui; | ] kgl
: B,‘ °°o.oc} :
3 .
. . . . . . z " |

e The likelihood discriminant is J oL

defined as: T T e
o Z ik Z | value for the event being analyzed
() — () — () I_}

(i runs through all the variables considered
in the likelihood composition)



Dijet Mass Spectrum in /vjj Final State

* Spring 2011 analysis using 4.3 fb-1. % 700 Eéﬁi‘ﬁf’
— e/u with Pt>20 GeV, |n|<1. %} g =i
— MET>25 GeV. S 400
— 2 jets with Et>30GeV, |n|<2.4. 300§
— Mt(e,MET)>30 GeV. ﬁ
— A(MET,j1)>0.4. ol
— Pt(jj)>40 GeV. S ook
8 ot
* An excess is seen. g :gg"
* 3.20 deviation from estimated ek |
background, after considering el
the systematic uncertainties on 2"
background modeling. A0

2
M, [GeVicT]



H - WW®) - lvjj analysis

Likelihood Templates for CEM

*» Signal and background templates for central electron (|n| < 1).
* For m_=180 GeV/c?.

COF RUMN Prefminary (4.6 &)

‘ou;

El
foo

COF RUMNN Prefminary 4.6 )

W (Ceic’)

LEARGH)

‘ o

w0

-

CAAAT A AAA TR AL A A Al R A

om

RN ARTAD e o S

e~ e

COF RUNN Preliminary (45 b)

COF RUNE Preliminary (4.6 07 O g ) - 0 —
gonL e
F : A e -
o |
Soce— ,l M..
Hig ji
006
-
b
i

O —

ioiz

Joock J"JJ
z -
- .
g e L TE e ) } ) S
o 1 ] 3 4
AR

A

In the presentation is the CEM one.

: FAP(Lj))) E—
ot

E“'E" J’:I/j:{\‘(

fucel- -t N

- - r.:f

LT P g

o

A: A ' A
S e =

A - ——)

COF RUNE Preliminary (4.6 15

3 8 — . —
;,ou;»— S Ay
gou;— ] d I
50-:;— |
AR(,j1)
!ou;— ;
Towsf~ ,
oui— _'! £
of- r 5
- " 4 L .. — ; e
’ N ARfLepton 1)
COF RUNS Preliminary (4.6 b O e s e o B
Jouf e

012




Likelihood Templates for CMUP

H — WW ) - lvjj analysis

*» Signal and background templates for central muon (|n| < 0.6).
* For m,=180 GeV/c?.
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H — WW ) - lvjj analysis

Likelihood Templates for CMX

*e Signal and background templates for intermediate muon

(0.6<|n| < 1.1).
* For m,=180 GeV/c?.
Rl e B o T
ity = E —
L i:::
fuuf i




MWW b g COF RUMS Srefminary (461 )

HoWW ) COF RUNE Prelinary (04 1)

'm,=150 GeV/c?

HOOWW A COPF RUME Pretessary (48R

* m,=160 GeV/c?

M WW-h§ COF RUNN Profmimary (461 )

m,=170 GeV/c?

WA COF RUNE Pretesnary (440 )

- m, =180 GeV/c?

oW g COF RUNE Pralinary (08 )

'm,=190 GeV/c?

4=200 GeV/c?




Background Summary

Estimated number of background:
CDF RUN 11 Preliminary (4.6 fb— 1)

process # events
Ewk 1884 + 166
non-W QCD 325 £+ 122
Z + jets 880 + 345
W+ qq 12912 £ 1453
W +4q9/9q 7712 £+ 1045
W + gg 7788 + 452
W+0/1p 6180 =918
Total Background 37685 + 2101
Observed 37670
Expected signal yield:
CDF RUNII Preliminary (4.6 fb—1)
Higgs Mass (GeV/c?) 150 160 170 180 190 200
Expected number of events 22.0+6.5 38.6+11.1 36.1 =103 280+80 189+54 149+43




H — WW ) - lvjj analysis

Higgs Cross Section Limit with
H — WW®™ — [vjj Channel 4.6 fb™

(with Table)

CDF RUNII Preliminary (4.6 fb™)

c’,' - ggH — WW — Ivjj
> | meeeeee Expected Limit
£ B Expected Limit = 1o
3 10tk Expected Limit = 20
o E — Observed Limit
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140 150 160 170 180 190 200 210
Higgs Mass (GeV)
CDF RUNII Preliminary (4.6 fb~ h
Higps Mass (GeV/c) 150 160 170 180 190 200
—20 8.17 262 308 408 6.15 7.11
—lo 177 493 544 761 112 119
median UL /ogy 359 897 936 136 195 199
+1o 638 156 159 231 327 325
+20 932 272 266 389 536 529
Obs. UL Jogy 525 588 569 130 245 238



