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/H—>vvbb

antiproton

WH—lvbb

Signal Signature

Searching for:

» Large missing energy
» Two b-jets

» No reconstructed isolated
leptons

Two dominant channels
> LoVV
» W—lv with missing lepton

e Two searches

antiproton N p > DO 8.4 b
b > CDF 7.8 fb!
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Instrumental
> Multijet (MJ)
» Large background

> Difficult to model
Estimated from data

e Physics
> V+jets (V=W/Z)
> Diboson

> Top

60

Define four samples:
Signal sample
Multijet model
Multijet Control
Physics Control

FT Er+b-jets 7.8 fb™: Electroweak CR, SecVTX + SecVTX (SS)
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Analysis Strategy

P - [ — ZH->vvbb Analysis sample (pre b-tag) __
= DO Preliminary (8.4 fb™)
——$— Data 3 .
@ 18s = Kinematic
S 165 mmw

event
Selection

4 5 6
E; Significance
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Analysis Strategy
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Analysis Strategy

ZH->vvbb Analysis sample (pre b-ta
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Analysis Strategy

re b-ta

I_).(_)DI:;eliminary (8.41b")
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. Signal Sample w

Large missing energy (MET)
« CDF: MET > 35 GeV
« DO: MET > 40 GeV and MET Significance > 5

° x10° ___ ZH>vvbb Analysis sample (pre b-ta
I Y. 22 DO Preliminary (8.4 fb-ﬁ 3

by 20E g Top
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E; Significance

HO " b
antiproton <

b CDF relaxed requirements

« MET 5035 GeV

 Lead jet pT 35525 GeV

* Increase acceptance 30-40%

Two or more jets
« DO: 2 jets not back to back
« CDF: 2 or 3 jets
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Multijet Model Sample

e Multijet events Signal MET
» MET tends to align with jets
» Use as handle on MJ events

e Define two regions

> Signal

= MET and jets well separated in
respect of azimuthal angle

> MJ model Multijet

= MET and jets closely aligned
= Negligible signal

Jet 1

e Events in MJ region used to MET
model MJ in signal region
> Validated in control region Jet 1

Imperial College .
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e Sample dominated by MJ
» Kinematically similar to signal

sample

> DO
= Relax MET cut

= No MET significance cut

» CDF
= High MET
= MET aligned with jet

e Validates modelling of MJ

background

> All variables well modelled

Imperial College
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Events / 10 GeV

Events

Multijet Control Sample

1000 T

Tim Scanlon DPF 2011

x103 ZH—>vvbb MuIt||et l|=.nr|ched sample (one b-ta

100

DO Preliminary (8.4 fb b)

- Top
B V+hf4VV
Vsl f.

B Multijet

150 200 250 300
DiJet Invariant Mass (GeV)

800
600
400

200

F,+b-jets 7.8 fo™ QCD CR, SecVTX + JetProb (SJ)
Bwiz+ht [ Top

Multijet B ww

M wzizz -= Data — Higgs 115 GeV/c? (x5)
[CDF Il Preliminary] |
# ]
+ ]
+ i
* |
+*
* pu—
*t
'.-
Lo 11 Teraan i
20 40 60 80 100 120 140 160 180 200

Er
11



Physics Control Sample w

ZH—>vvbb EW Control sample (two b-tags

E (= DO PrE_T_lnatw (8.4 fb™)
. . C Data
e Form sample enriched in e 60F mo
W+jets/top events g% e
g %
30;
« Require: fg
7 D: Isolated muon O
» CDF: Isolated electron/muon
> Keep other cuts the same as signal ¢ TBoabjts 18 . Slectrousal OR, SecVTX + JtProb (3
reg‘ion E * M wzizz B = Data — Higgs 115 GeV/c? (x5)
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» Validates modelling of EW/top
backgrounds
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F
(=]

(%]
(=]

ig

n
=]

e IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

—
(=]

|
|
Dl oo oo b b b

+
t

80 100 120 140 160 180 200

B
Imperial College .
London Tim Scanlon DPF 2011 12

=]



b-Jet Identification

- x10° ____ ZH_»vybb Analysis sample (pre b-ta
- © 95 MJDT>0.0 DO Preliminary (8.4 fb’
Vertex Tagging I Sl Imipary (8.4 )
(transverse plane) z o7
€ 6
ac
3
2t
1E e
- F -

50 100

(Signed) Track
Impact Parameter (dca)

Hard Scatter f \ Lengh (L,,)

150 200 250
DiJet Invariant Mass (GeV)

Increase in
S//B > x10

e Tools
> Secondary vertex GRS Doy e
> Jet lifetime probability ?3:2 =
» Counting impact parameters B Higgs x10
> Combine all information o

using multivariate technique

15| 5
DiJet Invariant Mass (GeV)
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b-Jet Identification

E' 55%—-- T}NN Moriond 09
e CDF - Secondary vertex and S E L e menets I
. . .. w eof — =
lifetime probability i Ee o
» Three exclusive tagging channels SR
= One single tag/two double tag : ﬂ/ J}Zf;J
- J?S[Z B | ‘ p,>40and 0<|<0.8
402 i
e DO - Multivariate (MVA) tagging 00z 04 o5 08 1 1z 14
» Very loose single and double tag x10° ______ ZH »vvbb Analysis sample (pre b-ta
channels EYF | ~ DOPreliminary (84
: L & 8 — .
= -80% b-jets, ~10% light-jets . I -
» Use MVA output as input to final 2
discriminant 1.5
= ~10% gain in sensitivity 't

8 10 12
Leading Jet bIMVA OP
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Multijet Removal /

e Train multivariate technique to Example variables:

remove large MJ background « MET from jets, tracks and
> DO Decision Tree (DT) calorimeter
» CDF Neural Network (NN) e Relative size of MET

> Kinematic variables used as input

e Relative position of jets/MET
= DO (30), CDF(14)

e Event shape

e Trained in pretag samples

~ 8?1‘33",&'.' ...... ZHvvbb Analysis sam le (pre b 12 ~ ?,Qs, —ZH_>vvbb Multijet Enrli;;hsd Is.an_i le 8re4t;-;3)
s 7; > 0.0 DO Prellglﬁ:)aary (8.4 b 5 0.3E . re IEI%%W @.
‘2 6 E— : ﬁ::,;w ..20.25 = = z:mwv
:’: 55 | oOwe :>: 0.2 8 Multjet
. _ 0.15F
13 0.1
i 2: 0.05
4 . 5 00_ 2 d E 35 4 45 5
DiJetA R DiJet AR
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Multijet Removal

CDF DO

: _ _ x10° ZH—>vvbb Analysis sample
ﬂ B +b-jets 7.8 fb™: Pre-selection, Excl. SecVTX (18) 0 LR R
S o Bwz+ns [ Top © Multiiet  ww g 1aE DO Prellmlnary (8.4 fb™
g B wzizz -= Data — Higgs 115 GeV/c? (x50) S C -Top
w - N - B V+hfevv
10° [CDF Il Preliminary’ -E 12 - -‘h,ﬂﬂf:ijet
10 ++++ :>: 10 [ VH x 500
X +—"‘—I—-—.—-_._—.—-_._._._|_.__._|_.__._ 8:_
10 —-— -
o 6
10 4:_..-
; 2
10° 017708 -0.6 -0.4 -0. 2 0.4 06 0.8
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 Multllet DT
. . . NNQCD . 3 3
Signal efficiency ~90% Signal efficiency ~88%
MJ Rejection ~87% MJ Rejection ~80%
MJ 44% of double MJ 4.5% of double
tag signal sample tag signal sample
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Train DT (DO) or NN (CDF) to
separate signal from signal-

like backgrounds

Trained separately in

» Each b-tagging/jet channel

Variables
> DO

= Inputs to MJ DT plus b-

tagging and mass related
variables

» CDF

= Qutput of MJ NN, mass,
direction of jets and MET
related variables

Imperial College
London

Final Discriminant
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Events [fit to data]
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Systematic Uncertainties w

ZH—>vvbb AnaI sis sample (two b-tags

= 800 -1
D0 Prellmmary Run ] 8 4 fb
\ 700 Background Fit

. . . -+-Data

e Uncertainties included on RS
: 600 B V+h.f/VV

> Shape 3 500 Valf.

B Multijet
> Normalisation

e Dominant uncertainties e ———— |
' ' ' ' " Final Disciminant
» Jet energy
> b_tagg] ng ZH—>vvbb Analysns sample (two b-tags)
305 - Do Prellmmary Run Il 8.4 fb" —+-Data-Bkgd
- Background Fit EBvH

» Background cross section
» Luminosity

Events / 0.12
N
o

S
"A

E 410 g
| T E

oF === :

0] T E

« Impact reduced by H ‘ ;
constraining uncertainties wbl b
ISR . 708 06 04 03002 04 0l 0E
during limit setting Final Disciminant
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‘ Limits

e Limits set at 95% CL relative to SM cross section

Er+b-jets 7.8 ' [CDF Il Preliminary]

o) | === Observed Limit : : 2
8[| Besceotimt [ DO Preliminary (8:4 5 [ s confidence intorva
Ry £ | wwsw 95% Gonfidence interval
£ ” =il : £ sessesens Expected 95% C.L. limit
I |eesssheemen bt - Observed 95% C.L. limit
m o
X &
T 10 ® 10
N c
S .
lg- ......
g i ]
et -
o
~~
= 1 1111 11 1 1 ] T 11 1 1 LE L1 | B3 I | ! I | O | | HE 11 1 1
£ 100 105 110 115 120 125 130 135 140 145 150 e e e ) S
= 100 110 120 130 140 150
mH (GeV) Higgs Mass (GeV/c?)

Expected: 4.0 Limits Expected: 3.0
Observed: 3.2 @115 GeV  Observed: 2.3
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. Conclusions

e SM Higgs search for missing energy and b-jets is one of the
most sensitive at the Tevatron
» Vital channel in low mass Higgs search

e Large increase in sensitivity of searches
> Using up to 8.4 fb'! of data
» More intelligent use of b-tagging
» Loosened kinematic cuts

e Many further improvements in pipeline
» More data
» Reduced systematic errors
> Increased acceptance

The SM Higgs is running out of places to hide!
Watch this space

Imperial College .
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Low Mass Higgs Search w

% 1 — .
£ - e Low mass Higgs (my < 135 GeV)
g > Dominant decay to two b-quarks
0.1
> Large heavy flavour jet background
o2l e Associated production provides
L | more distinctive decays
ﬁ /f\\\ > Search for various decay channels
= 31%0 - "1% 140 \126\ 180 200 of W/Z
my (Gev/c?)
e
'g_ F o(pp—~H+X) (pb)
g \s=2 TeV
X M, = 175 GeV E
I CTEQ4M
f
Q. 1
& -1 4
© 10
0=l Mﬂ"’“’*"""z'ﬁi‘:ﬁ'":::::::::"-"---3§.1ﬂf.'f' ]
i gg,qa:l"-.l"t:ﬁ .
10 80 o ‘1(‘)0‘ | ‘12‘0I I ‘14‘-0‘ | ‘1(‘)0‘ | ‘18|0I | ‘200

M, (GeV)
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. B-tagging - (D@) Certification w

« Have MC / data differences - - T e s
particularly at a hadron machine "[| Tagger: Loose Range: Alln

» Measure performance on data

» Tag Rate Function (TRF)
Parameterized efficiency &

— TRF,

Efficiency

0.8

0.7F

fake-rate as function of p; T
and n
» Use to correct MC b-tagging a:
rate a

\ 303020506070 80 90100
b, (GeV)
e b and c-efficiencies

» Measured using a b-enriched
data sample

e Fake-rate

» Measured using multi-jet
data
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Region Definitions
CDF

QCD CR1 EWK CR QCD CR2 Signal region
No lepton At least one lepton No lepton No lepton
Er > 70 GeV/c? Er > 35 GeV/c? Er > 35 GeV/c? Er > 35 GeV/c?
©(j2, Er) <0.4 (2, Er) >0.4 ©(j2, Er) >04 ¢(j2, ET) >0.4
@(j3, Er) >0.4 ¢(ja, Er) >04 ¢(js, E1) >04
(1, Br) >1.5 ©o(j1, Er) >1.5 (i1, Er) >1.5
NNgecp <045 NNgep > 045

TABLE IV: Main kinematic selection requirements for each of the control regions and the signal
region.

DO

D = (Ao(pr, JetL) + Ao (pr, JetnL)) /2

Sighal region D > /2
MJ model region D < nt/2

Imperial College .
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CDF

MJ Rejection Variables

DO

Variables used in the MJ DT and in the SM DT

Variable

Magnitude of E?T
Magnitude of p;r;r
Fr/> Er
Er/Hr
Wz | Er
M(Er,j1,52)

Ap between E} and p’}
Maximum of Ay between any two jets
Maximum of AR between any two jets
Minimum of Ag between the ETT and f«,
Minimum of Ag between the 197% and 7;

Ag(ﬁ.ﬁ) in the 2-jet rest frame
Sphericity
Centrality

Imperial College
London

A'f?(h H JQ)

Ag(j1, 2)

AR((j1,52))

n of ji

7 of jo

pr weighted AR(j1, jan)

pr weighted AR(j2, jan)

Er

ET significance

Ad(ET, j1)

AS(Er, j2)

Ad(Fr, difet)

min A¢(Er, jan)

max Ap(ET, jan) + min A¢(ET, jan)

max AG(ET, jan) — min A¢(ET, jan)

Hr(vectorial sum of j.n pr)

Hr/ Hr (with Hr the scalar sum of j.u1 pr)

Asymmetry between FT and Hr

FE'r component along the thrust axis

Fr component perpendicular to the thrust axis

Sum of the signed components of the dijet and recoil momenta along the thrust axis
Sum of the signed components of the dijet and recoil momenta perpendicular to the thrust axis
Dijet pr

Scalar sum of j;1 and j2 pr

Centrality (ratio of the scalar sum of j1 and j2 pr to the sum of j1 and j2 energy)
Bffective mass (sum of K7 and of the scalar sum of j; and j2 pr)

6 angle of ji boosted to the dijet rest frame

) angle of the dijet system

Polar angle of ji boosted to the dijet rest frame with respect to the dijet direction in the laboratory
Azimuthal angle of ji boosted to the dijet rest frame with respect to the dijet direction in the laboratory
Color flow 71

Color flow j2
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Final MVA Variables

DO
MJ DT Variables plus

Dijet mass

Dijet transverse mass
Ji pr

J2 pr

Hr

J1 b-tagging output
jo b-tagging output

CDF

Variable
Invariant mass of the two leading jets in the event (M;;)

Invariant mass of Er , j_-l and j;
Difference between the scalar sum of transverse energy of the jets (Hr) and Er
Difference between the vector sum of transverse energy of the jets (Hr) and Er
The output of the TRACKMET neural network
Maximum of the difference in the 17 — ¢ space between the directions of two jets, taking two jets at the time

The output of NNocp

TABLE VI: Input variables to the final discriminant neural network.
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