Hunting the Higgs at CDF
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ostandard Model Higgs

What we know:
eDirect search at LEPII:

Mh > 114 GeV/c2 @95% CL

ePrecision EWK meaurements (top mass, W mass, etc):
M = 89.0%3 6 GeV/c?

M < 158 GeV/c? @95% CL

6 July 2010 m . = 158 GeV July 2010 . |
1 G H 1 — LEP2 and Tevatron (prel.)
© Ohag = 1 ....
= t L 0.02758:0.00035 } 80.57 ~ LEPT and SLD
- 3 % - 0.0274920.00012 68% CL
- % e incl. low Q2 d . —
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Production and Decay [
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Production and Decay

. Production |
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Production and Decay
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Production and Decay [,
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Production and Decay [,
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£ f ’ v 1 : = : — - !
Q 1.0: : = -
= | Production 2
O gg-—+=H §
e ~
(. —
y SREPRH |
A :
w
@)
| -
o
107~
L : i . . 1 N 1 . S S \
100 120 14 1 200 T 5 A
0 60 180 ol ’ U g

100 120 740 160 180 500
My (GeVsic?)

my (GeV/cd)

b
Low Mass Decay

Tuesday, March 22, 2011



Production and Decay [,

bb | [ H->Www
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Low Mass Final States

Prir}larily: H — bb
P




Low Mass Final States [

WH — fvbb

Prirparily: H — bb
| I’

== 1 High Pr Lepton + Er + b jets




Low Mass Final States [ ]

Prirparily: H — bb
| I’

WH — (vbb === 1 High Pt Lepton + F1 + b jets
ZH — (lbb =wp 2 High Pr Leptons + b jets




Low Mass Final States [j

Prir}larily: H — bb )
| |

WH — (vbb === 1 High Pt Lepton + F1 + b jets

ZH — (lbb =w» 2 High Pr Leptons + b jets
= 0 High Pt Leptons +/Er + b jets

8




Low Mass Final States [j

Prirparily: H — bb )
' 4 |

WH — (vbb === 1 High Pt Lepton + F1 + b jets

ZH — (lbb =w» 2 High Pr Leptons + b jets
= 0 High Pt Leptons +/Er + b jets

VH, VBF,H — 77 + 2] =1 Lepton + Trk(s)+ jets




High Mass Final States [,

Primarily: H — WW

p— VH — VIWWW?

Decay of W’s will determine final state configuration

7




Higgs Bosons by Process Lo

Double tags:
100- —a— \WH-|vbb 1.~5 evts/ 6fb-1
a0l e ZHowbb | 2 .~10 evts/ 6fb-1
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The Challenge... i

Cross Sections at 1.96 TeV

pa— |

E Total inelastic oHigces Production
5 o5
c 10 . 1 t
5 is a low rate process
5 4 -mb
510 bb .. at the Tevatron.
8 WV A -/
5 16° L ub ® Backgrounds are
o w 2000 many orders of
b 7 i magnitude larger.
10
t ® eChallenge:
17 .
o - - Separate Signal
10" Higas (ZH + WH) from Background
fb
16
10
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The Challenge... i

Cross Sections at 1.96 TeV

pa— |

E 7 Total inelastic oHiggs Production
0| is a low rate process
% 10* bb .. at the Tevatron.
5 6% Lub ® Backgrounds are
o W p_— many orders of
b 7 b magnitude larger.
N | ti ® eChallenge:
0 kpb i Separate Signal
10" ,“,,,; o T from Background
- fb
10466720\ 740 760 180 200 ‘Before Anything :
Higgs mass (GeV)/c

_ SB~ 1.10%
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Strategy pusiy

e Select High Pt leptons (e,u,T).

e Select Events with Missing Energy (neutrino(s))
e Select Events with jets from b-quarks (low Mp)
® Details for each analysis slightly different

Now
S:Bi-btag ~ 1:400
S:Bo-ptag ~ 1:50-100 ; ‘

- WW~150 | b




Strategy w0y

e Select High Pt leptons (e,u,T).

e Select Events with Missing Energy (neutrino(s))
e Select Events with jets from b-quarks (low Mp)
® Details for each analysis slightly different

f Now )
So the first factor of
~1 billion is “easy”.

. WW-~150




Modeling of Backgrounds

W+2 jets;

2 Jets -1 Tag

lllIIIIIIIllffl]lll]lllllllllllll

1 B-tag

CDF Run Il Preliminary 2.7 fb™!

-+-Data
M Top
BWbb
BWcc

Fwc
[IWqq
L |EW

lQcb

x?/ ndf = 63.69 / 45 KS prob = 0.092
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Events/0.20
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Using Advanced Algorithms gilalin

* Variety of methods: Artificial Neural Networks (ANN), Boosted Decision Trees
(BDT), Matrix Element (ME)

« Example: ANN can be used to combine information from different kinematic
variables: both Energy-based and Shape-based

* Improved discrimination and less sensitive to systematic effects

Neural
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Using Advanced Algorithms glalin

* Variety of methods: Artificial Neural Networks (ANN), Boosted Decision Trees

(BDT), Matrix Element (ME)

« Example: ANN can be used to combine information from different kinematic
variables: both Energy-based and Shape-based

* Improved discrimination and less sensitive to systematic effects
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B-jet identification (1) P

® ~45-559% Efficient

® Erand m dependent
® Mistag rate ~ 1-2%
® Loose tagging helpful
in double tagging

Jet

Displaced tracks

Decay lifetime 3
¥ Lxy k. //QISecondary vertex

Primary vertex  _ « /]
/
9\ /
do~ “B-tag” =
Prompt tracks Identify 2nd

vertex

SecVix Tag Efficiency for Top b-Jets
v .7 .

B Loose SecVix
Bl Tight SecVix |

0.6}
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0.1
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Jet Eta
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1-ST CDF Run Il Preliminary (5.7 fb™)

Qata
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13

Tuesday, March 22, 2011



B-jet identification (1) {80

® ~45-559%, Efficient

® Erand m dependent
® Mistag rate ~ 1-2%
® Loose tagging helpful
in double tagging

Jet

Displaced tracks

Decay lifetime ¢
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/
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B-jet identification (2)

* Look in double b-tagged dijet

events

* Background is derived from

data

* Signal distribution from
Monte Carlo

* Fit returns
> Signal Evts: 5674 + 448
»b-JES: 0.974 + 0.011

i CDF Run |l Preliminary L=584 pb"’ |

° 12000r— e Data

= ',
8 [ Beat background # '.
‘: 10000:[:1, bb MC w O.
] L
2 cooof
T 8000 —
g 1
:or
.P'
|
GOOOIL
i:,
4000/
5
B
2000r—
»
O;I_I I l | | ..A.,L,\ { — ot NI - z '
0 20 40 60 80 100 120 140 160 180 200

M, (GeV/c®)
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A"
&4

e Two High Pt ee or pu
® No (direct) Missing Er
® 2 jets

® Split up 1 and 2 b-tags

p
Features:

1. Small o°BR

2. Several tight constraints
1. My = My

77

ii. “¥1t” — improve jet resol.
3. ~1evt/tb!

Q-I

ZH — (¢/bb Channel “;

-

Primary Backgrounds

Zbb, Zce, Zqq'
tt
WW +99, W24, ZZ

[ —TT

v

15
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Selecting the Z Sample Fam

* Require at least one tight muon
»Pt>18 GeV/c
> |nl <11

* Require at least one tight electron
> Et> 18 GeV
> |nl <3.6

* 76 GeV/c?< M <106GeV/c?

* Require another loose lepton of
same flavor, opposite sign

* At least two tight jets

* Require at least one tight electron
> one with Et > 25 GeV/c
> one with Et > 15 GeV/c

Number of Events

Number of Events

CDF Run Il Preliminary (5.7 fb™)

2500 PreTag (High S/B) e data B WW.WwZ.zz
Z+1f jets D Fakes
2000 D M,, = 120 GeV/c? x 1500 . Z +bb D i
Z +c¢c
1500
1000
500
CDF Run Il Preliminary (5.7 fb™)
10° PreTag (High S/B) e data B WW.WZZ7Z
107 Z +If jets [ Fakes
10° W z+bb "
10° Clz+ec g zu 20

> |n|l < 2.0 0 1 2 3 4 5 6 7 8 9 10
° -1 '|'09 Number of Tight Jets
16
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Improve the Dijet Mass (1) iy

uses a NN, with inputs of
observed jet energies and
directions, MET magnitude
and direction, to correct the
two highest Et jets

L5 Jet 1 ET
L5 Jet 2 Ep
Jet 1 n
Jet 2 7
Ao(jetl, jet2)
Ao(Er, jetl)
Ao(E., jet2)
Jet 1 Projection onto E.
Jet 2 Projection onto E,
F+ magnitude

Number of Events

Number of Events

10°
10’
10°
10°
10*
10°
10°
10
1
10
1072

CDF Run Il Preliminary (5.7 fb)

PreTag (High S/B) o data I WWWZZZ

[ Z + 1 jets L] Fakes

B z+vb
ClzZ+ecc g zH(120)

[

) |
20 40 60 80 100 120 140 160 180 200

Missing Et (GeV)

0003 PreTag (High S/B) ¢ dua  EEVWW.W2ZZ

: Z+ lfjets D Fakes
4000 _-l D .\1" = 120 GeV/e! < 1500 . Z +bb D tt

] Z+cc
3000 -
2000 -
1000 -

100 80 -60 -40 20 O 20 40 60 80 100

L B B B

Missing E_projected onto Jet 2
17
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Number of Events

Improve the Dijet Mass (2)

Higgs mass | L5 jetcorr | Gen 5 NN | Gen 6 NN
110 17.2 % 10.8 %
120 17.7 % 10.5% 10.5 %
130 17.3 % 9.7 %
150 16.8 % 10.0% 9.5 %
CDF Run Il Preliminary (5.7 fb™)
1200 - PreTag (High S/B) ¢ data [l WWWZZZ
1 [ M, =120 GeVic? x 1500 After NN Corr. 8 7+ fjets [ ] Fakes
1000 ] [ M, = 120 GeVie? x 1500 Before NN Corr. [ Z + bb tt
. ] Z+ce

800 -
600 -
400 -

200 .

250 300 350
M;; (GeV/c?)

400
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* Default trigger for Z—p*u-
requires at least one muon
with "stub” in muon
chambers

°* The other muon can be
"loose”

* Allowing two loose IS
possible - but requires a
different trigger - MET

+jets

Adding Trigger Acceptance  [o;

TIGHTpy __—EE | B B\

LOOSE * -

EM CAL HAD CAL MUON
DETECTORS

12 Jet 1
(~30 GeV)
Muon1
(~10/GeV
deposit),
il " 1 Jet 2
ISSINGA\ET B ~30 GeV
(~40 GeV) Muon2 )
- (~10 GeV
- deposit)

19
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Adding Trigger Acceptance

* Default trigger for Z—p*p- WL (=
requires at least one muon
with "stub” in muon
chambers e .

EM CAL HAD CAL MUON
DETECTORS

°* The other muon can be

"loose”
* Allowing two loose IS e
possible - but requires a
different trigger - MET
+|ets e

EMCAL HADCAL  MUON
DETECTORS

19
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~— ZH Signal Monte Carlo
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Fraction of Events

Looking for Loose Muons

0.7

0.6

0.5

0.4

0.3

0.2

0.1

——— ZH Signal Monte Carlo Same-Sign Muon Data (Fakes)
1 A l | Aed l A 1 l ' 1 A 1 1 A 1 } > . ' m 1 Hf‘ | 1 =_I{T
1 -08 -06 -04 -0.2 0 02 04 06 0.8 1

Muon NN Output
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Impact of new muons

Reconstruct Z candidate using two loose
muons AND non-muon trigger!

g N — CDF Run Il Preliminary, 5.6 b
7] N
- No Muon ID NN Selection
&y 1200
.S Muon ID NN Accepted
= 1000
-8 N Muon ID NN Rejected
g 800
=

600

1

Lo

rwr "] , T R B R
20 40 60 80 100 120 140 160 180

Reconstructed Z Mass (GeV/c?)
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Event totals - double tight tags

High S/vB Low S/VB

ZH 0.7 =% 0.1 0.1 <+ 0.02
tt 99 =+ 1.5 44 = 0.7
ww 0.02 £ 0.003 0 =+ 0.0
wz 0.1 £ 0.02 0.03 %= 0.004
V4 3.6 =% 0.5 0.7 =+ 0.1
Z—-ll+bb 221 =% 9.2 4.6 =+ 1.9
Z— Il +ccC 2.4 = 1.0 0.5 + 0.2
ZU+lf. 12 =+ 02 05 =+ 0.1
fakes 09 =+ 0.5 2.1 =% 1.0
Total Bkg 40.3 =+ 94 12.7 =+ 2.3
Total Data 37 14

ST Category LJP Category

DT Category

Z + qq (Mistags) 33.8 + 4.8 2.18 + 0.8 0.22 + 0.06
Z + cc 85+ 34 1.8 £ 0.7 0.20 £ 0.08
Z + bb 17.1 £ 6.9 5.1 + 2.1 2.29 + 0.93
tt 3.9 + 0.8 2.3+ 0.5 1.33 £ 0.28
WWw 0.03 & 0.004 0.01 £ 0.001
WZ 0.66 + 0.09 0.08 + 0.01 —
YA/ 1.82 & 0.24 0.75 £ 0.10 0.32 £ 0.04
Fakes 0.24 + 0.12 0.01 £ 0.005 :
ZH2 0.25 £ 0.02 0.14 £ 0.01 0.08 £ 0.007
Total Background 66.1 & 9.1 12.2 + 2.4 4.36 £+ 0.98
Data 68 5 4

“Standard”

/=y and

/—e’e-

“‘Loose” Z—p -

22
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Discriminant IHPLITS pion

Single Tight SecVtx Loose SecVtx + 5% JetProb Double Tight SecVtx

, P;; E; E;

jJ
’ P-zh Ptt Ptt
| bt 1')_)3 P
M ; Pr(jet 1) + Pr(jet 2) Pr(jet 1) + Pr(jet 2)
Karlsruhe Output N jets

¥ projection on Jet 2 Sphericity
P'[(jet 1) -+ P'z‘(jet 2)

— - — — i —

Start with a large number of possible discriminant variables
- Loop over these to find the single best 1-input NN
* Loop over remaining variables to find the best 2-input NN

- Continue this process, adding variables until the addition of inputs not longer
improves the testing error.

Once the algorithm has found the optimal inputs for each b-tag category the final
NNs are trained.

23
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5

Discriminant s

N\

CDF Run Il Preliminary (5.7 fb™)

Double Tag (High S/B) ¢ data B Ww.wz.zz

i | Z +1f jets
101 [J M, = 120 GeVie? x 25 After NN Corr. jets [] Fakes
(] M,, =120 GeV/c? x 25 Before NN Corr. Bz+op [t

8: Z+cc

Number of Events

0 S0 100 150 200 250 300 350

M;; (GeV/c?)
CDF Run Il Preliminary (5.7 fb™)
Single Tag (High S/B) o daa  [WWWWZZZ
80 . Z 410 jets D Fakes
D M, = 120 GeVie* x 150 Wzivv [On

Z*«

Number of Events
8 888 3

20
10

— e ——— e T

0 20 40 60 80 100 120 1 160180 200
% jet P (GeV/e)
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2D Neural Network for ZH

0.6
0.4-

0.2-

ZH— libb NN OutPut Binning

0.8-

Z+et

S

: ..0.2..

04

0.6

0.8

Y
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Discriminant Output

CDF Run Il Preliminary (5.7 fb)

@ P
- 1  Double Tag (High S/B) o data [ WWWZ.ZZ
@ 257 Z+f jets [ Fakes
E - |:| M,, = 120 GeV/e® x 25 Wz+ob [t
) 20 Bl Z+ce
h -
2 :
15 -
£ >3
- -
£ 10

|——

0.2 04 0.6 0.8 1

NN Output Projection On To Z+jets vs. ZH axis

80

8 88 83

CDF Run Il Preliminary (5.7 fb™)

Double Tag (High S/B)

M,, = 120 GeV/c* x 25

0.2 04
NN Output Projection On To ZH vs. tt axis

® data . WWWZZZ
0] Z+1f jets [ ] Fakes

Bz+vp [Jn
Z+cc

0.6 0.8 1

26

Tuesday, March 22, 2011



Discriminant Output IS

. . . s s -1
CDF Run Il Preliminary (5.7 fb Y CDF Run Il Preliminary (5.7 fb™)
« Double Tag (High S/B) e data [ WWWZZZ | 25 Dpouble Tag (High S/B) o dan [ WWWZZZ
25 ZHfjets [] Fakes ; ZAfjets [ Fakes
M,, = 120 GeV/c' x 25 Wz [Du 20- M,, = 120 GeV/e' x 25 Wz+vb [Jt
20 [ Z+ce E Z+cc

15- 157

Number of Events

1 0 0.2 0.4 0.6 0.8 1
NN Output 10% Slice along ZH vs. tt axis

' top contribution |
reduced |

‘reduced ]
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Displaying Data in bins of S/B

Combination of All ZH—Ilbb Sub-Channels

104 4 data fake
] Z+ce [ WW,ZZ,WZ
10° B z+bb [ tt

Wzar WMZHM =115 GeV/c? x 6.0)
CDF Run Il Preliminary (5.7 fb™)

Number of Events

10 3
1
10
3.5 -3 2.5 2 1.5 -1 0.5
logm(S/B)
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Decoding Limit Plots 101 &4

CDF II Preliminary

I 1 1 1 1 1 I 1 I
m—— WHIlvbb Central 1.9/fb

------ Expected WHIlvbb Central

=== WHivbb Phex 1.9/fb
------ Expected WHIlvbb Phex

=== WHIvbb for 1.9/fb ‘
U0 Expected WHIvbb:26 7~ %
...... Expected WHIlvbb + 10 “‘.“,u

| J

-
<
IIIIIII

10

! I ! ! !
110 120

1 I I I
130 140 130
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Decoding Limit Plots 101 &

CDF II Preliminary

=== _WHIvbb Central 1.9/fb
------ Expected WHIvbb Central

=== WHivbb Phex 1.9/fb
------ Expected WHIlvbb Phex

=== WHIvbb for 1.9/fb ‘
U0 Expected WHIvbb:26 7~ %
...... Expected WHIlvbb + 10 “‘.“‘u

10°

| J

10°

10

I I I I
110 120 130 140 150

1

Higgs Mass (GeV/c?)
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Decoding Limit Plots 101 3}

10°

CDF II Preliminary
I ' I

I I | I |
=== _WHIvbb Central 1.9/fb
------ Expected WHIvbb Central —

-

o-B 95% CL upper limit[< "

SM o - B

bb Phex 1.9/tb

b for 1.9/fb -
ted WHIvbb=20 " -
ted WHIvbb+ 16~ /7~ _.+=*"

| J

IV

10E

110 120 130 140 150
Higgs Mass (GeV/c?)
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@) Decoding Limit Plots 101
Solid Lines represent observed
" — wman limits from data analysis.

—  ss=maus Expected WHIvbb Central
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95 % CI; Limit/SM
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95% CL Limit/SM

10

ZH — gébl_? Limits O

CDF Run Il 1fb-1

I LB | I I EEUm

1 II*III

1

-

....... ZH Muon Analysis, 1.0 fb™,

ll II IIIIIIIIIIIII Illllll'l Illll

loo 7

05 110 115 120 125 130 135 140 145 150
Higgs Mass (GeV/c?)

95% CL Upper Limit/SM

-
o

N
aiaaal

—_
o
aal

14—

CDF Run Il Preliminary (5.7 fb™)
ZH — I'T'bb (all sub-channels)

Expected
Observed |
+10

+ 20

100

120 130 140 150
M, (GeV/c?)

10

Channel Lum |Obs/SM |Exp/SM
Old ZH — ¢¢bb [1.0 b1 [26.0 26.0
New ZH — 00bb |5.7 b1 |75 6.4

29
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‘lll\ : :
€15 Analysis Improvements vs Time
Lum Impr'ove 95%CL Improvement | Improvement
T . beyond Lu beyond Lu
Date (fb_l) ments Limit/SM (Rely’ro JulOng) (RelyPr'evio:;)
Neural
Jul2006 | 10 | e | 26
Tagging
Jul 2008 2.4 Toyesories e 145 15% 15%
Lepton categories
ZJ(-)%nQ 2.7/ Looser b-tags 12.2 30% 11%
Aug 4 1 fj,c\idTJ.eTPlr'ob Tcirgs, o o
2009 Lo e | 89 ol% | 16%
Jul2010 | 57 |hdemasr | g4 70% 13%
u . muon NN ID y ° o
30
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CDF: tight double tag (TDT) high s/b ZH — ££bb channel relative uncertainties (%)

Contribution Fakes Top WZz ZZ Z +bb Z +cc Z+mistag ZH
Luminosity (@inel(pp)) 0 3.8 3.8 3.8 3.8 3.8 0 3.8
Luminosity Monitor 0 4.4 4.4 4.4 4.4 4.4 0 4.4
Lepton ID () 1 1 1 1 1 () 1
Lepton Energy Scale 0 1.5 1.5 1.5 1.5 1.5 0 1.5
ZH Cross Section 0 0 0 0 0 0 0 5
Fake Leptons 50) 0 0 0 0 0 0 0
Jet Energy Scale (shape dep.) 0 o T R B - S & 0 18
Mistag Rate (shape dep.) 0 0 0 0 0 0 0.8 0
B-Tag Efficiency 0 8 8 8 8 8 0 8
tt Cross Section 0 10 0 0 0 0 0 0
Diboson Cross Section 0 0 6 6 0 0 0 0
o(pp— Z+ HF) 0 0 0 0 40 40 0 0
ISR (shape dep.) 0 0 0 0 0 0 0 ol
FSR (shape dep.) 0 0 0 0 0 0 0 —o
31
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Some Interesting Events

Run, Event: 229879, 3787664

Dijet Mass: 113.06 GeV/c?

Z Mass: 86.22 GeV/c? S—
N Jets: 2

MET: 8.52 GeV ____

ZH NN: 0.95, tt NN: 8. 6x [t
S/B @ 115 GeV/q?: 0.42

Lepton 1_- ———Lepton 2

P 1530Cevc PRI Gevie

/% 88.0 GeV/c

CDF Run Il Preliminary
Dimuon Event

\

" ™~
H f O ) U
v,‘ N

Dijet Mass = 113 GeV / c?
Z Mass = 86.2 GeV /2
MET = 8.5 GeV

NNzg = 0.95; NN = ~10-2

Dijet Mass = 116 GeV / ¢2
Z Mass = 92.8 GeV /2
MET =10.9 GeV

NNz = 0.96; NNy = ~10-°

M

Run, Event: 230010, 12199215
Dijet Mass: 115.98 GeV/c*

Z Mass: 92.75 GeV/c?

N Jets: 2

MET: 10.9 GeV
ZH NN: 0.96, tt NN: 3.9x10~%
S/B @ 115 GeV/q%: 0.42

CDF Run Il Preliminary

i 5 GeV/c
Leépton 2 ‘\
P} 41.5 Ge\‘};(c_ J/

Le ptoq%\._\ //

Pr 115.4 @QV&\_/%/
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€Iz Adding Acceptance: NN gisy

All Dimuon Events: No NN Selection

Dimuon Events Passing NN Selection
Dimuon Events Failing NN Selection

* Current analysis uses muon
NNonly for & Lo e —"

> Loose muon which is . |
partnered with tight muon __hﬂl
from muon triggered events N - ~
> Loose-Loose muons which i: ) 5-.-"."""’-’-:-;_:""g %L‘L

Events

come fr'om MET"‘JQ*S 120‘ S 8000 100 120 ’ '140"-‘ 160 HéoLi_ '2()0
. Dimuon Mass (GeV/c )
Trlggered evenTS CDF Run Il Preliminary, 6.4 fb"
. . ,2 10°F AR(u, jet) > 0.4
* Will remove tight cut $ = ji
r'eq u i r'emen-l.s 104 Previous Cut AR > 0.4 / :2—-—' L‘m

» All muons passed through e r .................. o
muon NN 10\

muon Mass (GeV/c)

RS 5B 2 OB @ iR A

Minimum AR(u, Closest Jet)
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* Current analysis uses
specific triggers coming
In on two streams:

»High Pt Muon trigger in
muon stream

»MET+jets from MET stream

* Will Switch to "stream-
based” trigger selection

» Accept any trigger from the
above streams

»>Play two streams off one
another to measure trigger
efficiency

Improving Trigger Selection [ J,

o 1600 [
- .
8 1400 [ T ‘ Default Triggers
> m Inclusive Trigger Selection
L1 1200 =
1000 | ja—
800 |-
— 1 __r_r—’_'
400 T
200 |
i | 1 s 1 1 1 l 1 1 1 L 1 l 1 1 [ 1
QI 0 15 20 25 30 35 40 45 50
CDF Run Il Preliminary, 6.4 fb" Muon p_
2 F
g ; :_ / Can probe areas of phase space outside of original triggers!
10 |o— ;
= -
1.
10 15 20 25 30 35 30 45 50

=

_§PIot shows impact»of addﬁin
| of MET Triggers PLUS |

Stream Triggers \j

34
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/W
€15 Mass Dependent Improvements [}

* Currently: Use single
discriminant tuned for a
higgs mass of 120 GeV.

* Improvement: Use mass
dependent discriminants

»Impact is modest at low mass:

"'50/0
» Substantial impact at high
mass: ~50%

Non

Comparison of Limits

100

80—

70(-

60}
50
a0
30}
20

10—

’—lllll' Llllllll A Llllllli klllllllx) ‘Llllllx‘j
100 105 110 115 120 125 130 135 140 145 150

ZH MUON ANALYSIS IMPROVEMENTS

Data Increase 12%

Adding Loose + Loose Zs ~20%
Adding Muon NN ID ~20%
Stream Triggers ~10%
ACCEPTANCE IMPROVEMENTS ~60%

Mass-Optimized Discriminants

~53:‘ |‘ W mass). ~ CJ:: [N N mass)
Sensitivity Increase low mass), ~50% (high mass]

EXPECTED LIMIT IMPROVEMENT 30% (120 GeV) - 60% (200 GeV)
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Expected Impact oy

* The plot below shows the full impact of these improvements on
the ZH muon channel alone.

* Demonstrates that significant improvements are possible using
existing tools and techniques in a very mature analysis

CDF Run Il Preliminary

E ............................ B s 2 e o By e Tovn s s Sy MR L T e B i o e T .............. Ry e
<2 i i i § .
£ 10° Erminpinnnin s e
& e e Erp, S, SR s St e R 4 S
oo R [ — Jecescccsscsscedsccnsccnsccnscdrscnnscnnsannss besessssssssssshosccsccsnsnnccfosccnccccccnnefeoonnns . .’.
== I S S —— 2 e
T T L e e o B e S
o ST PPy e A PN e ."‘.‘ :P ...............
\o ._.‘ ...................................................... '.-P..‘H‘.... ...4..“...4."!....‘. ...........................
o : e SIERRE L
8 : i .................
L T e S
.".".';'.';.".i'-""'"""".".”'"'"' L e TN TN SN NN
b.. ............................ : ............................................. B SO ; .............. | .............................
ZH-uubb
1 F """"""" ZH Muon Analysis, 6.4 b, AN Improvements (Spring 2011)
[, wessssssssnns ZH Muon Analysis, 5.7 fb", Prior To Improvements (Summer 2010)
G i Jossuss s ittty Rttt o o ootics Fobhonty

100 105 110 115 120 125 130 135 140 145 150
Higgs Mass (GeV/c?)
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e No High Pr Leptons
® L arge Missing Er
® 2/3]ets, 1/2 b-tags

" Features: - A
1. Trigger is more challenging Primarv Backerounds

2. Large QCD/Fake Bkg: Difficult
QCD Heavy Flavor,

to Simulate: use data

3. Use tracks to help bkg b /CE

identification. . ,
4. Large contribution (~50%) Single Top,
from WH ZZ, WZ, WW

5. ~10 evts/ 6fb1 (double tags) N y
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ZH — vvbb

e No High Pr Leptons
® [ arge Missing Er
® 2/3]ets, 1/2 b-tags

" Features:
1. Trigger is more challenging

2. Large QCD/Fake Bkg: Difficult

to Simulate: use data

3. Use tracks to help bkg
identification.

4. Large contribution (~50%)

from WH

5. ~10 evts/ 6fb-1 (double tags)

Neutrino

QCD Heavy Flavor,

tt, W/Z + bb/cc,
Single Top,
24, Wz, WW

& _/

\ j

37
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e High Pt Lepton
® Missing Er
® 2/3 Jets, 1/2 b-tags

Primary Backgrounds
7. .~

(Features: : '\WCél,‘ Waqq'

1. Good Acceptance

- _ ingle t
2. Final state similar Single top

to single top prod. - ;/\zN ?;I/II;
3. ~5 evts/ 6 fb'l (dbl tags) :
i g — TT

36
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e High Pt Lepton
® Missing Et
® 2/3 Jets, 1/2 b-tags

4 )

Features:

Primary Backgrounds
7. .~

1. Good Acceptance
2. Final state similar
to single top prod.

3. ~5 evts/ 6 fb-1 (dbl tags)

U

s, e, W

Single top
non — W QCD
Wz, WW

L —TT

36
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Other Low Mass Channels

ZH — vubb

W + 2 Jets, SVSV  CDF Preliminary, L = 5.6 fb "

--CDF Data

3 [JWH (115 GeV
10 IS_ing(Ie Top )

Candidate Events
Normalized to Data

O 02 04 06 0.8 1
Event Probability Discriminant

Events/(0.20

” f l
’ .

’ J

7

W H — fvbb

60

40

CDF Run II Preliminary, 5

I I

0000000
00000000000

I I I I [ I -

B Higgs SS 1
B Multijet s
B W-+HF

Z+HF -
- Diboson
P Single Top
B Top Pair
— DATA i
s Signal (x10) |

0000000000
00000000

39
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Other Low Mass Channels
ZH — vubb WH — /vbb

CDF Run Il Preliminary, 5.7 fb" CDF Run Il Prellmmary (5.7 fb'l)
= | g i .
'2 - : 68% Confidence interval —
= I~ BN 95% Confidence interval é 10°
E ' -~ Expected 95% C.L. limit l .. == Obsarved Limi
:‘: - Observed 95% C.L. limit _i weseee Expactad Limit
d Q I Pseudo-Exparment 4 1o
°\u: ?}: B - Pseudo-Experiment + 2¢
o [*))
10 — I
B 10— ::;
; NN Analysis
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
100 110 120 130 140 1502 1 Standard Mogel
FRQUEIRENE 100YE0 <) 100 110 120 130 140 150

Higgs Mass (GeV/c?)

Experiment [Lum Obs/SM |Exp/SM
CDF Metbb |5.7 fb1 |23 4.0
CDFWH |[5.7fb! |3.6/45 |3.5/34

39
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Other Channels... ol

tEH — fuqq bbbb :
WH— WWW* @ Other decay chains
VH, VBF,H —17+2j are also being
& COF FunlProbminary _______[Lai=23t’ considered
i Ty ® IF the SM is correct,
3 il these are not as
% sensitive
g 10 ® BUT, every little bit
o : helps and nature could
g e be different.

M, (GeV/c?)

40
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Higgs Production via ttH

12

—
o

o(pp—~H+X) (pb)
vs=2TeV

M, =175 GeV
CTEQ4M

.--~
5 ~~~~--.-.-
- - -..-
—

-1

6(pp — H+X) (pb)

.y,
...........

Rl LT
................

..............

. J
A 180 >
0
120 140 16
100 >
30

o q
,f"',-.::l;. - _,»"'/
L -,;‘ 145 <
t W" “'\ ; q’
. ‘-/- — B b
g8 -
’F'-'_'.’.ﬁ,'.l_t'ﬁ_':':'“‘-"..‘ H s ’
e ~—
«
00000

21
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€Iz ttH Search Strategy 5

lII
° Take advantage of the fact that ftH has 4, .- Tghtdets |
b's in the final state, plus many jets S § r "
> Require W in final state (hi pt lepton plus 5 ttH120
met) 3 W
» Require >=5 jets 02
JEt > 20 GeV (L5 corrected) 0,123 o
J|Detector Etal < 2.0 0 o w L e i)
> Require >= 2 tags S .'\"3""”?4"'”:0
Separate samples based on tagging 2 __IEVIAG + Z*JPTAC_;_ |
categories: 3":2:‘ 11SV — tt
“triple SVX tagged: SVSVSV ;EO:: 1 ogy | ttH120
“double SVX+ single JP tagged: 2 o.25f I
SVSVJP .
2single SVX + single JP 3 | 3sv
“etc 00:0 Fo [Lu LU0 I:]ﬂ,a N FNTO
TaglD
52
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Lepton+MET+>=4Jets+>=2tags...Mostly top [

N\

dijet mass (untagged jets) HT
2 @ =
c 4 € 45—
3] - — 1t @ - —
> = > »
w40 w 40—
s asi —— Wevbb2 ‘s - —— Wevbb2
o = e Data; events=340 o 35: e Data; events=340
2 = : 2 E ' -
£ 305 £ 30;
3 - 3
Z 25 Z 25—
20 20-
15 155
10/ 10=
5% 52—
o:l 11 i1 1 1 | : » SN EE WS WS S .- I l-l-l boa b 4 ye ._‘.."
0 50 100 150 200 250 300 P00 200 300 400 500 600 700 800 900 1000
Dijet Mass (GeV) HT (GeV/ie"2)
dijet mass (untagged jets) HT
) » 16—
€ 121 ‘c&; e
L : — 1t > - ¢ — R
2 i 2 14_
L B — W
.- 10 X Wevbb2 “?- 12F Lo-LL 'evbb2
g T ¢ Data; events=109 -8 E .r ¢ Data; events=109
£ g 10—
3 = - _I-
z 2o
6

IIIITI

I

N R
T
_,lrl

[YYS D [‘_ . I l +

= - r shaa do o oo b ool g g =) M o BT | el

200 . 250 3'00 ‘?00 200 300 400 500 600 700 800 900 1000
Dijet Mass (GeV) HT (GeV/eA2)

[T
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Lepton+MET+>=4Jets+>=2tags...Mostly top

dijet mass (untagged jets) HT
4 7)) =
t 45 T a5
o - c— @ - —
> C o > c "
'S B ~—— Wevbb2 ‘s - —— Wevbb2
v 35F =~ 35F
= - e Data; events=340 @ F e Data; events=340
Ko 30 - Q -
£ = g 30
3 - 3 :
e 25 Z 25—
20 20
15 155
10/ 10=
5% 5
O:A 11 ll b — 1 | : > S WS S WS W G S - - i l-l.l - A3 . — ‘—‘"
0 50 100 150 200 250 300 900 200 300 400 500 600 700 800 900 1000
Dijet Mass (GeV) HT (GeV/ie*2)
dijet mass (untagged jets) HT
. o 16—
= A2 c B
c N u
TR e -
‘6 10 B e Wevbb2 S o Lakd tthH120
g 1 ¢ Data; events=109 3 - J-ﬂq. ¢ Data; events=109
£ = 10_—
3 g -
= 8:_
6
-
eoe . 2:_
el U [ S - T IR . a0 AR
200 . 250 3'00 ?00 200 300 400 500 600 700 800 900 1000
Dijet Mass (GeV) HT (GeVie"2)
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Tagging Contributions for ttH [ §;
higgs decay, tight lep, MET>20, >=5 jets | &':ED‘“Y“" ::a'u _ —

e = e ttH, Mh=120 mes o daa || - :
k. Lt Mhe140 = Requiring 1 tight lepton, MET,
s = n plus >=5 jets:

= |
e 1) It is clear that H->WW

— 1 1 + =

Other b-bbar W+/- tau+/- glu-glu c-cbar 73 diphoton decays Contr|bute ALOT to

13 sy | >=2 tags (>20% of bbbar
“E ¢ ttH, Mh=120 mee 3| | decays) even at Mh=120

- — ttH, Mh=140 latogral 13560404 GeV
on = '2) They are even significant

— , —

* ~ Other b-bbar ' W+/- ’ tau+/- glu-glu c-cbhar ZZ diphoton for > — 3 tags at 120 GeV-

| higgs decay, tight lep, MET>20, >=5 jets, >=3 tags | %ﬁ*‘ﬁﬂw':“; |
o « ttH, Mh=120 .. 3| |3) WW decays dominate at
s ==l Lol ==, =] 140 GeV for >=2 tags and
CE are about equal to b-bbar

’ - Other b-bbar l W+/- m c-cbar ZZ diphoton

44
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4th Step...Channel Combination

45
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4th Step...Channel Combination

No Single Decay Channel Has Sufficient
Power to reach the SM prediction.

45

Tuesday, March 22, 2011



4th Step...Channel Combination

No S @ Statistically Combine Channels.

fficient

CDF Run Il Preliminary, <L> = 5. 6 5.9 fb

L L L I LI 1 [ | L ] | L I L L | I | DL L l I
———  WH4+ZH4+VBF-jjbb 4.0 fb™' Obs _
3 LEP .. WH+ZHsVBFjjbb 401" Exp = =====
10 " | Excl. ———  H-t231b" Obs -
. eeaa- Hott23 ' Exp == eeee-

ZH-lIbb 5.7 ib” Obs
ZH-lbb 5.7 tb” Exp

-t
o
N

95% CL Limit/SM

10

1 s M :1 \\\’ ="

I L L I U |
WH+ZH >METbb 5.7 b Obs -
WH+ZHMETbb 5.7 b Exp
WH-:lvbb2j 5.7 fb” Obs
WH-lvbb2j 5.7 fb” Exp
H-vy5.4 1" Obs

Hovy 5.4 1" Exp
WH-lvbb3j 56 fb™ Obs
WH-lvbb3j 5.6 fb" Exp
H->WW 59 1b™” Obs
H-WW 59 1b™ Exp
Combined Obs

Combined Exp

] lllllll

lllllll

1

-

111111111 JL

[, July 19, 20101

100 110 120 130 140

150 160 170 180 190 200

m, (GeV/c )
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4th Step...Channel Combination

No S:
P oUse a procedure to properly

e Statistically Combine Channels.

fficient
LON.

account for correlated uncertainties.

CDF Run Il Preliminary, <L> = 5.6-5.9 fb S
— AU RN D DARAE RAREE BARRE B f
7)) LEP Exclusion =
= & =
----- Expected "
g 10 — Obzerved : —
- TV P #1c Expected —
- C +2c Expected O
0 s
2 o)
nH
(o)}

100 110 120 130 140 150 160 170

I

[a—
-

= Observed

SM nggs Comblnatlon :
mmma Expected

...................................................................................................................................

Standard Model = 1 0

100 110 120 130 140 150 160 170 180 190 200

July 19,2010 m,, (GeV)
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Final Step...Tevatron Combination il

95% CL Limit/SM

[y
&

Tevatron Run II Preliminary, <LL>=35.9 b’

1 : I 1 | | 1 1] | 1§ ] 1 ] 1 | 2 ] : | | 1 | | ] 1 ] 1 |
LEP Exclusion | Tevatron
¢ | - Exclusion_
----- Expected : . |
e ()bserved GO s /
I <10 Expected | -
- +20 Expected

EWK Fits

‘SM=1

(—-——-—-—-——lu atron l xclusion

Jul\ 19 2q10

100 110 120 130 14() 150 1160 170 180 190 200
m_(GeV/c )

48
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Latest High Mass Combination

Tevatron Run II Plehmlnaly L<82fb"

[
-

] 1 | | 'l | | '..“ [l | | | l I | | |
;; l _ Eﬁfﬁ% R Tevatron
= BN +1o Expocted ~ Exclusion
E 3 | IZC xpecte /
— | ,
—
@
N
X
1

March 7, 2011

130

140

150

160

170

180 190 200
m,, (GeV/c)

Range Excluded at 95% CL: 158 <m, <173 GeV
Expected Exclusion: 153 <m, <179 GeV

W‘““_pfz

n
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73
S
\3

"
; If Higgs is there..what would limit plots look like? [ il

[
]I

CDF II Preliminary (5.7 fb)
L I B B S S R —

* lvbb, METbb, and lIlbb channels
. | d d ......... Expected Limits = 10
include 102

S pa—

* Inject SM*1.0 signal at m,;=115 GeV  [=2 o
on top of SM backgrounds, and = RS
generate pseudoexperiments with Expected with Injected M, =115 GeV/e
that. ol |
* Analyze 115 signal+background o -

pseudoexperiments at other test

masses —100 GeV to 150 GeV :

* Find the median expected limit 1 _ I
with injected signhal and compare i T
with the distribution of limits when 100 110 120 130 140 150
the signal is completely absent. Higgs Mass (GeV/CZ)

48
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Future Expectations

R a1 --L

Delivered luminosity now ~9 fb-!
per experiment

Tevatron will deliver ~11 fb-! per
experiment by September 2011

2xCDF Preliminary Projection, m,=115 GeV

Sensitivity to SM Higgs with 10 fb-!
per experiment
= Better than 2.4 ¢ expected
sensitivity from 100 — 185 GeV
= 36 @ 115 GeV

1)

2

0100 110 120 130 140 150 160 170 180 190 200
m,, (GeV/c?)

With Projected Improvements

—
(L) ~—  Summer 2005 December 2008
= Summer 2006 —— November 2009
E i\ —— Summer 2007 —— July 2010
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Department of Energy
Office of Science
Washington, DC 20585

Office of the Director

Professor Melvyn Shochet I
Chairman, High Energy Physics Advisory Panel “
Department of Physics

University of Chicago
5630 S. Ellis Ave
Chicago, IL 60637

Dear Professor Shochet:

_ ‘ - aiiiting to copveythe Office o ience’s resnonse o the re High Fperoseo L

Unfortunately, the current budgetary
climate is very challenging....operation

of the Tevatron will end in September...

PIORTaNT Oy 11T . 1I'D UICICIVUIC TCCOINIICHUCU UTdl CX LT OI1 O1 tIIC Oporation O I ’7”

Tevatron be approved only if additional funds were available to HEP, and encouraged the ‘
funding agencies to find the necessary resources. Unfortunately, the current budgetary [
climate is very challenging and additional funding has not been identified. Therefore, ]
based in part on the P5 recommendation, operation of the Tevatron will end in FY 2011, \
as originally scheduled.
|
|

most important scientific questions in three broad areas of the field: the Energy, Intensity,

@ Printed with soy ink on recycled paper

The strategic plan for the U.S. particle physics program, developed by P35, attacks the ]
v
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9 Conclusions

* Tevatron program continues to play a strong role in Higgs
Physics

* We are continuing to expand the exclusion of the Higgs at
high mass

* We are continuing to push on a variety of improvements at
low mass

* The experience with the ZH search discussed implies that
there are still large improvements which can be made to
existing searches at the Tevatron

* Broader implications for searches in progress at the LHC
are left o grad students in the audiencel
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