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SM Higgs Search
from TeVatron

Officer: Why you come to
us?

Me: I’'m researcher,
working on particle
physics....

Officer: ......

Me: It’s high energy
experiment at Fermilab.... lig

Officer: Low Mass HIGGS?

Me: Yes, yes, yes! That's
right! Why do you know

my work?!

Officer: Ha Ha ha!
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L8 Why we call Higgs boson? SM Higgs Search

from TeVatron

e 2011 Higgs Hunting workshop by J. Ellis
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Why we call Higgs boson? A oo Search

from TeVatron

e 2011 Higgs Hunting workshop by J. Ellis

The Englert-Brout-Higgs Mechanism

Guralnik, Hagen & Kibble

hich

We conslider, as oujma ==

~ was partially solved b Englerl‘. and Brout,® knd .
O resemblafes S fory

" Our starting pmnt is the nrdmar:.r

i sebyrfimics of massless spin-zero particles,
g characterized by the Lagrangian

e=-4F""0 A -8 A )+3FM'F
v v B

u M .
. ] gl é A,
ve @ bo @, tiegp avA

| With no loss of generality, we can take n,=0,
~ . and find

. " (=8%+0,%¢,=0
q ™~ :' q i /e =0,
’\M}————AA—F ! -aﬂwz =D,

(@) (b) .
FIG. 1. Broken-symmetry diagram leading to a (-2 N, lAkT =0,

mass for the gauge field. Short-dashed line, (¢,);
long-dashed line, ¢, propagator; wavy line, Ay propa=
gator. (a)—=(2miie’g, , (9%, (b)— —(2m'ie*(quq,/q")
*{@, 2.

where the superscript T denotes the tr.msverse
| part. The two degrees of freedom of Ak com-
bine with ¢, to form the three components of a
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T3y Why we call Higgs boson? 1 Higgs Search

from TeVatron

e 2011 Higgs Hunting workshop by J. Ellis

The Higgs boson

WY« Higgs pointed out a massive scalar boson

{8%=40? V' (9 aw,) =0, (2b)

| Equation (2b) describes waves whose quanta have mg
(bare) mass 2¢,{V" (@)} w
|* “... an essential feature of [this] type of theory |

... 1s the prediction ot incomplete multiplets of |
vector and scalar bosons” :

* Englert, Brout, Guralnik, Hagen & Kibble did
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SM Hi
from

s Search
eVatron
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J. Ellis

We should perhaps finish with an apology and a caution. We apologize to ex-
perimentalists for having no idea what is the mass of the Higgs boson, unlike the

case with charm [3,4] and for not being sure of its couplings 1o other particles, except
that they are probably all very small. For these reasons we do not want to encourage
big experimental searches for the Higgs boson, but we do feel that people performing
experiments vulnerable to the Higgs boson should know how it may turn up.

e Higgs search at 1975: started from MeV scale.
at 2012: Upto 600 GeV, start to see Higgs like boson?



s 10T/ 11— T T

v [ ATLAS Preliminary 2011 Data 7

E - — QObs. 1 ]

5§ T ceer EXp. j Ldt = 4.6-4.9 fb )

= H+1c i
E 426 \s=7TeV

-

O 1 —

& f .

m [~ —

107 —~

- JCLsLmﬁm 1 1 | L]

100 200 300 400 500 600
m,, [GeV]

95% CL limit on 6/0gy

Y. Enari 7

ATLAS and CMS: excluded region A s e

from TeVatron
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SM Higgs Search
from TeVatron

—_
o
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Higgs boson mass (GeV)

 High mass region is excluded upto 600 GeV

e Both ATLAS and CMS have excess around 125 GeV.
— Sensitive channels are H2>yy, H>WW, H>ZZ->4 leptons
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Latest result from Tevatron e e

from TeVatron

Tevatron Run Il Preliminary, L <10 fb™
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95% C.L. upper limits on SM Higgs boson production at the Tevatron
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Indirect constraints A oo S

from TeVatron

80.5 March 2012
A O T ke L i ! Bl e Ll (O
Y EW global flttlng :g;:;ECTTbiL;:z;::s‘:*::;;}f:c:dingMw,rnm&direcmigg;mclusiun: : .
] ] . 45 -_.ﬁa%cuby areajl‘-'l,‘ﬁmz}.mw {ﬂeﬂ R
 Main contribution from %[ .
W and top mass from - .
= 804 ]

@
Tevatron ) i o
= - 1
= 8035 L
: H - .
W \ B ]
~ l*{ )“0'*&“ ddl"&&lidﬁl‘ 803 - =
\? i N N NI T S TR T
155 160 165 170 175 180 185 190 195

My (GEV)

e New measurements from CDF and DO
* m,,=80385* 15 MeV/c? ( World Average @ March 2012)
e Updated SM indirect fit gives m, < 152 GeV/c? at 95% C.L.
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Tevatron @ Fermilab Al oo Search

from TeVatron

P SOMIC® 7”"  Main Injector
& Recycler

i = gy sy

2011 Sep 30t : Tevatron terminated
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SM Higgs Search
from TeVatron

Data Set

Tevatron Runll integrated luminosity

19 April 2002 -30 September 2011

12':' | | | | | | | | | | | | | | | | |
11.0 Sep 30t 2011: 11.9 fb! delivered,
’ 11.9
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00 Data taking efficiency: > 90%, 93%(highest),
8.0 -—

o
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o o
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-
o
1
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Latest result (2012 winter)

~9.5 fb!

DES 9.7 b1

3.0

2.0

1.0

r\ﬂ
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2003 2004 2005 2006 2007

2008

2009

2010 2011

Many thanks to Tevatron Accelerator group!!
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Today, focus on SM Higgs with H>bb ...

from TeVatron

c x Br [pb]

10‘4 — NNLO, one lepton flavour

—qq—> WH — Ivbb
—qq—ZH - lbb
— qq— ZH — vvbb
— gg —>| H— WW —>|Iv|v

10°F
100 120 140 160 180 200
m, [GeV]
ZH=2Il bb WH=2Iv bb ZH=>vv bb
2l(e/pn)+bb I+MET+bb MET+bb
/e/l-l /e/l-l
e e
‘e, b * b
oy " W b
q H q - vy
~ ™ T~ 5 q H ~ -
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138 Analysis on low mass Higgs Search 1 e Semrch

from TeVatron

1. W or Z boson reconstruction
W=2lv, 221, Z2vv

2. Higgs candidate reconstruction
Dijet mass, b-jet tagging.
3. Build discriminant to extract signal

Hunt for Higgs: try to improve each step!
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.38 Z boson Reconstruction S| Higzs Search

PARIS ¥
from TeVatron

 Maximize signal acceptance
— Inclusion of isolated tracks
— Electron in GAP,
owering pt cut on lepton
pT > 10 GeV

D@ Preliminary, 7.5 fb™

—e— Data
Z+LF

2500

Events

=
s 6f 2000 Z+bb
° | I Z+cT
% L Top
S 1500 Diboson
I Multijet

------- ZH x 100
1000

500

60 70 80 90 100 110 120
Dielectron mass [GeV]

Relatively easy because of good triggering
on leptons or some such low multi-jet BG
- Already established last year.

Electron



T G38 How to get more acceptance?

Revisit the definition of object ID.

— Ex: muon separation from jet/)

Events

10°

104

10°

102

10

All Dimuon Events; No NN Selection
Dimuon Events Passing NN Selection
Dimuon Events Failing NN Selection

Same-Sign Dimuon Events Passing NN Selection

CDF Run Il Preliminary, 6.4 fb™

o ||I| I IIIIIII| | I_'IIIIII|

100

140 160 180 200
Dimuon Mass (GeV/c")

120

Optimized identification by MVA

_l

1(]'1
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SM Higgs Search
from TeVatron
CDF Run Il Preliminary, 6.4 "
=3 AR(L, jet) = 0.4
3000
. =
Preul Cut AR > 0.4 / 5'“;
Dimuon Mass (GeVio®)

AR(u jet) < 0.4

\ . |

WB&UDW

Mlnlmum AR(p Closest Jet)

Case of CDF muon ID

Build NN with

PT, M, &, Egy Enaps AR(L, jets),

Track y2, dO, silicon hit, isolation
- ~ 20% improvement on llbb.
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PaRIS

04 x10°  V(=v)+2 jets
o —
2 E D@ Runll, Preliminary —+- Data
> 22F .
o =" L =751 Il Multijet
9 208 inf~ " Valf
- 18 V+hi
216 B & : o™ Top
A ¥ = mw
c —— : e
w 14 ¢ - == [JVH (x500)
12 ]
105 - |
8 il
6F = = N
4 _ -~
2 Pt -
00 20 40 60 80 100

"ﬁ") W boson Reconstruction

h*o, y //' b
\‘ b_

W Transverse Mass (GeV)

120

Lepton:

SM Hi
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s Search
from TeVatron

electron/ muon pT > 15 GeV

Missing EI

entries / 2.62 GeV/c

«10°  V(=I)+2 jets

18
16
14
12
1

o

o N =& O

D@ Runll, Preliminary

20 40

60

-4~ Data
Il Multijet
V+if
0 V+hi
Top
vy
[] VH (x500)

B
e
5

Lepilt?r? Py GeV 020

MET> 15 (20) GeV for electron (muon).

Multi-Jet Background is estimated from Data.

entries / 2.12 GeV/c

x10°  V(—=lv)+2 jets
14 D@ Runll, Preliminary ;Data
r _ 1 Multijet
of L, =7.51b o
- [ Vht
10— %00 Top
- vy
8- . ' t‘f":_ (] VH (x500)

20 30 40 50 60 70 80 90



* Revisit lepton ID
— D@ muon

entries / 0.04

How to get more signal for lvbb? .

e |loosen muon requirement
e Update isolation requirement
e Use all trigger terms

~ 15% gain in muon efficiency.

— D@ Electron

25

20

15

10

e |ooser criteria
QCD veto is WtrMass >40—-0.5 MET

Y. Enari 19

s Search
from TeVatron

CDF

- isolated track.
- include loose electron track.
~ 5% gain in sensitivity.

- Use MVA(QCD) as input of Final MVA.

x10°  V(—=N)+2 jets
D@ Runll, Preliminary ;Data
C _ _q Multijet
. L ini= (D fb Valf
— V+hf
- Top
- mvv
- [ VH (x500)
. -
o e
- rere
W A-:'_'J-L

-0.8 -0.6 -04

-0.2

0-2 ¥ mulifet, %3(115)1

CDF

- Introduce MVA to kill MJ.
“Support Vector Machine”
Replaced with QCD veto.




Run 248968 Evt 48062268 Fri Jan 23 06:59:26 2009
Leading Jet Pt

i : Second Jet Py
DiJetMass
\ Missing Er

'H/

'\‘ E
e Jets + large MET (>40 GeV)

Expect high multi-jet
Background

- Signal sample
- Control sample
- Multi-Jet

. Y. Enari
Z—> VvV reconstruction e St
from TeVatron

85.6 GeV
62.3 GeV
106.7 GeV
128.9 GeV
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SM Higgs Search
from TeVatron

Bun 248968 Evt 48062268
_ V
w x10° ZH—vvbb Analysis sa_tl_ple (Pre b- taq! r

Z—> VvV reconstruction

_............—l—v—I—F....

. DO Prellmlna 9.5 fb
- rv( ) —)

:-TP
C B VahiavV

20 :— . Mitiiet —:
LI

0
Events / 0.10

H
5 | e
e Jets + large MET (>40 GeV) | "

Expect high multi-jet
Background

- Signal sample

Events /0.12

- Control sample
- Multi-Jet

-08 -06 04 -02 0 0.2

0. 4 0 6 D 8
MultlletDy




H .
e Jets + large MET (>40 GeV)

Expect high multi-jet
Background

- Signal sample
- Control sample
- Multi-Jet

W=2 11V, subtract n

/=2 VV reconstruction
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SM Higgs Search
from TeVatron

Run 248968 Evt 48062268 Fri Jan 23 06:59:26 2009

Leading Jet Pr — 85.6 GeV
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Run 248968 Evt 48062268 Fri Jan 23 06:59:26 2009
Leading Jet Pt

i : Second Jet Py
DiJetMass
\ Missing Er

H
\'E
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Z—2> VvV reconstruction .

from TeVatron

s Search

85.6 GeV
62.3 GeV
106.7 GeV
128.9 GeV

e Jets + large MET (>40 GeV)
Expect high multi-jet S TR S\ ==t
Background : - S5 Es— ——=uEEREN

- Signal sample

ES

10° ZH—rwbb Md Enrlched sample (Pre b taq)\

5100 S "' "bo Preummary(gsfb‘)

=~ = -Tnp B
- Control sample 2 % e

g -Mul.li.jet

w 60

- Multi-Jet

0. : : 5 4

45 5

DiJet y




e Additional trigger by L2 update

e Understanding of the upgraded MET trigger
— NN function is used to parameterize complex trigger turn on.

gar + b-jets [CDF Il Preliminary]
22000 E_Dlsﬁ"lbutlﬂl'l for ZH(bbvv) sample (m{H)=115 GeV/fc = ]
20000 & L « Using BHMU-NN
18000 E=| J44 4 Using fitted turn-ons
16000 & : — Higgs events
14000 =
12000 =
10000 =
8000
G000 ;—
4000 ;—
2000 ;—
ko] -
© F
o 1.1
1E
E . ‘ ‘lmulilimll.illlm*lll““““
09F 4
E 1 |‘ PR S T T N N TN TR TR AN T T SR TR NN T T S
50 100 150 200 250

MET [GeV]

Events

5000}

4000}

3000

2000

1000}

Improvement on vvbb
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SM Higgs Search
from TeVatron

ok

]+
Hwz+nt [lTop Multijet ¥ Diboson
-=-Data — Higgs 115 GeV/c? (x50)

b-jets 7.8 b Excl. SecVTX (18)

[CDF 1l P I imina ry]

MET selection
From 45 GeV

to 30 Gev

= ]
B ;""‘“. o -
40 60 80 100 120 140 160 1 200

0

I
20

Events

90000 =T/ +h-jets 7.8 fb™: Pre-selection, Excl. SecVTX (1S)
80000 - Bwiz+hi [lTop Multijet [l ww

- lwzizz - Data —Higgs 115 GeV/c? (x50)
70000 ;— [CDF Il Preliminary
60000 — -
50000 f— 0, 1

E 30~40% more signal
40000 3
20000 with x10 Background
20000 &
10000 ]

1) T B
0 20 40 60 80 10 2 0

Er

Applying MVA for reject QCD, obtained 2.5 better S/sqrt(B) in tagged sample




entries / 4.33 GeV/c
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SM Higgs Search
from TeVatron

10° V(=lv)+2 jets

*®

-t
o
o

S100F py Runll, Preliminary —+ Data _
& L =7.5fb" B Muttijet x10°  V(->h)+2 jets
2 gol int” " Valf ~ r
s W Vit 2 18 D@ Runll, Preliminary : Data
g Top = _ 1 Multijet
x10° _ V(—lv)+2 jré smTE Eﬁ: <500, g 16 L.=7-5fb Valf
o5 D@ Runll,Pr® | P 14— [0 V+ht
- O 2 F Top
: : g 12 vy
20— r o c -
F = i W 4o . [JVH (x500)
15 | et ST 8-
C 20 30 40 50 6 i 80 a0 1000 - ..
c 2" Leading jet p_, GeV/c 6
10 = = .
r e 4 —
5k . -
2 2F i i
_ o- Rittariae.
% 40 60 80 100 0 50 100 150 200 250 300

12 4 .
Leadingoiet pT,1Ge Ic Dijet mass, GeV/c?



e ZH—>IIbb

— No real missing ET

Events/ 10 GeV

[9+]
o
IIII|IIII|IIII|IIII|IIII|III

— Use full kinematics information

e Dijet Mass can be constrained

2

DT DO Preliminary, 5.2 fb™
I I lllll
A= -rl
|
-‘-
| L
= Bl 1, -
1 ol : ;___I | e
20 40 60 80 100 120 140 160 180 200
Dijet Mass [GeV]

Dijet system in ZH—=>1lbb -
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s Search
from TeVatron

electron

electron
E 0 pT DO Preliminary, 5.2 fb "
S 50 —— Data
o r = — Z+LF
€ 40r i Z+HF
> C . E Top
m B H "
9 30:_ | i Diboson
- 2 : I Multijet
20— =iA=
- I ZH x100
10L
:I o =i
O amami 1 (1

PO L L RO I SRR S| | LY P e fre
00 20 40 60 80 100 120 140 160 180 200
Dijet Mass (Kinematic Fit) [GeV]

15 % improvement on Mass resolution
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.!:\!)5@ D IJ et SVSte m SM Higgs Search

from TeVatron

ZH— e*ebb  CDF Run Il Preliminary 7.5 fb”

Liooo| B meT " mee e
 |In CDF lIbb analysis, NN 3" 4 - - -
function is used to correct g8 |
.e <
dijet system. P
~ 15 % improvement is observed. $™" — Corrected
Uncorrected
00 o I‘IOO | 200 303 ‘4.00
M, (GeV/c?)
 How to choose 2jets from N S —— v
3. t ? %3505 ’ _ 1 Bl Multijet
jets or more- i L, 775 Mt
8300_— *

— DO Ilvbb S F L By )
instead of using two largest pT &0 T+ 1 C3 VP (x50)
jets, use two most b-like jets 5 _¢ “‘ﬁqﬁ
from bID information. = i

. . o & T
Also summing FSR jet. sob- . *
- g
0- 50 100 150 200 250 300

Di-jet mass, GeV/c?
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b-Jet Identification A oo So

from TeVatron

Run 227895 Evt 117967657 Wed Nov 22 16:59:06 2006

7 Wed 22116:59:06 2006
ET scale: 18 GeV _ot 1 | 9 ?-

£,

Vertex Tagging

/4 A iy,
; 7 M/ 7E
(transverse plane) _ j/ ont(X-Y) //

/

-

(Signed) Track
Impact Parameter (dca)

Hard Scatter
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T3 New feature on D@ b-tagging e S

from TeVatron

* MVA tagger

Tagger v [
—4— NN Summer 09

(=23
L
TTTT | FTTT

— Better performance
I % —#— MVA BL Summer 09 -.L””f
e Modeling E oo =T
3 L |[+13% signal ! /
— Update on TRF, Fake rate S5t th
measurement -

e Systematic uncertainty reduced by
50% on fake rate.

e Usage

-50% fakes !
zFJ prakes 1l p,>40and 0 <y <0.8

i 43\1
£ TN
Y
|

40—
— Application of TRF B R v a— 'f.a‘ T 1z 14
— Use all operating point. @ 10—~ hb Analysis sample (Ere b-A2
- - Lﬂ...JDTzv -0.3 I DO Prelﬂlgagry (9.5fb7)
Use shape of bID MVA output N Top
. . 1T} e W ventav
in the final MVA 10°E i
E HVHxIED
Define orthogonal sample 10°E

— in order to maximise sensitivity
a) : MVA1 + MVA2 <=18
b): 11 <= MVA1 + MVA2 < 18

c): 0<MVA1l + MVA2 < 11 15 Sum sz&VA N OI%S

-
o



Events / 10 GeV

3

Dijet mass after b-tagging

ZH—>Wbb Analy5|s sample (Pre b tag)

MJDT > -0.3

-

DO Prellmlnary (9.5 fb ) -

before bl\g{gglng

I Multijet
= vH =« 500

Signal x 500

Events / 10 GeV

100

T80 200 250 300
DiJet Invariant Mass (GeV)

ZHawbb AnaIyS|s sample (Medlum b-tagj

200

100

(2]
o
(=)
TTTT[TTTT[TTTT[TTTT [T T TT [T TTIT[TTT
| | | | | \

2

MJDT > -0.3 DO Prellmlnary (9.5 fb ) ]

- T°P
B V+hf4VY

VH £
I Multijet
CJVvHx 50

Signal x 50

150 200
DiJet Invariant Mass (GeV)
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SM Higgs Search
from TeVatron

ZH—>Wbb AnaIyS|s sample (Tlght b-tag

E 120/ MJDT >-0.3 DO Prellmlnary (9.5 )
- -Top 1
[=] - |
=100~ — Ml —_
w T = ]
g 80— -
> C - ]
W gof Signal x 10 J
40— -
20~ + =
O~ 150

200
DiJet Invariant Mass (GeV)
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Y9y B-tagging update from CDF e ot

from TeVatron

e CDF succeed to improve b-tagging performance by
Multivariate technique

— Uses most sensitive variables from previous tagger
— Uses muon from semileptonic b-decay, jet mass, SV mass
— Can tag jets with only one charged track
Efficiency for Tight: 38.6 % = 53.5% @ Fake rate of 1.4%
Efficiency for Loose: 47.1 % - 59.3% @ Fake rate of 2.8%
- 11% gain in S/VB translates in total (Ivbb)

s 1 All Leptons, Pratag WH—IvbEB CDF Run Il Preliminary { 8.41b7 )
BO.9B— oL 5 . f -~ om
;:3 M. : z =
Eusu : Fl\ed L 2 E:ﬂml top (t-ch] u
- = » : = nglaop i-c
£ Opemtmg Po_lnt _B-jet ] S — it
- 09 N [ Homvw cco
: : : 500 ) Z+juts
0.88 [ v¥-c
' 400 [ Wco
0.86 Pl lm € DF I - bb
e '; 200 I:I"l'l'-*ﬂ
0.84 Neul al Netw 011{ i e
0.82 ------B-]et ID o .
083035 04 045 0.5 055 06 065 07 075 08 o e T

B Jet Efficiency



Y. Enari 32

An example of MVA optimization Sy g Sarc
e CDF llbb

All
1. ttbar vs ZH
0.4 —
= , —tt —ZH i <0.5 \
- l Cut Point tt . ’ " . ! ﬂ \ I ” ”I IV
0.35— —7+ -
= | Zrjets tt expert network 5 ~
0,35— . | output -
0.25— I . ] <0.5
- I : Final Discriminant
015 | b | If+charm expert
oib | network output <0.5
0.05F- —|_|_‘_I_I >0.5
- T =0.5 diboson expert network
93 1 05 0o 05 1 15 output
Z+jets vs. tt Expert Discriminant Output
CDF Run Il Preliminary 9.45/fb
= - - : -
:_ — Z+charm Cut Point / @ All-SubChannels + data
- | 2#bottom % 200 | . L+t
- L% _ 1M Z+bb
B 150 ] . L+cc
— ] it
- 100 | | o 22
- 1, I 1B wz
N H_,- L ] Ww
C 50 | _ fake 7
L 11 | 11 1 | 11 1 I 11 1 I 1 1 1 | 1 1 1 | 11 1 I 1 11 | 11 Il_;_l_'T'_l‘_ : n ZH [lzn} x 5“
-1 -08 -06 -04 -02 0 02 04 06 038 1 L
KIT Flavor Separator Output 0

0 0.5 1
ZH (120 Ge\V Discriminant
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SM Higgs Search
from TeVatron

Systematic Uncertainty

* |n case of WH—2>Ivbb (%)

Source | Wev Wpv

Luminosity 6.1 6.1 Flat Systematics
BG X section 6-20 6-20 W-hf: 20% A
Lepton ID/Trigger 2-3 3-5 | oo

Jet ID 1-2 1-2 Single top: 12%
Jet Energy Scale 2-5 2-5 Shape

b-Jet ID 9-11  9-11 | Systematics
Mullet BG » o ,Em

PDF, MC Model 23 23 |}




ZH2Illbb  [L4t=9.7 fb

160

Single Tag D@ Preliminary, 9.7 fb™'

140 —e— Data
Z+LF
120 Z+bb
N Z+cT
100 Top
Diboson

B Multijet

80
60 [
40
20

% 01 02 0.3 04 05 06 07 08 09 1
RF Output

DG Run II Prellmlnary, 9 7 fb' ZH—- Il bb

— Observed Limit |-+

«=is Expected Limit |7

1L
----------

20 125 130 135 140 145 150
M. (GeV/e?)

95% CL Exp (obs) Limit

4.2 (3.7) xswm
@ MH=115 GeV

100 105 110 115

£900- D@ Preliminary, L=0.7 fo' —+ Data_

9800 Bl Multijet

it V+If
700 0 V+hf

Limit / o(pp—WH)xBR(H—bb)

Results from D@

WH=>Ivbb [Ldt=9.7 fbt

6005
500
400

t
| silngle-top
mvv
[ Signal (x50)

200

100

10?

ried Limit
xpected Linit

D@ Preliminary, L=9:7 b

xpected-+1-s:d:
d+2s4d.

-t
o

Standard Model = 1.0

1 | I L1 Ll 1111 L] L
100 105 110 115 120 125 130 135 140 145 ;50
my, (GeV/c?)

95% CL Exp (obs) Limit

3.2 (4.0) xsMm
@ MH=115 GeV
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SM Hi
from

VHYvvbb |idt=9.5 bt

34

s Search
eVatron

ZH—v7hb Analysis sample (Tight b-tag

ol
S 300 Do Prelglggry (9.5
—_ To
] -v:.uw
+ 250 e,
g et
20

. Flnal Dlscnmlnanl

EE Lo '—m'-mnur'r:t j |
..... Expeton 1 — c

S I DO Prélimihary (8.5 fb™)

4 :

=

5

%,10

2

5

£

100 405 MO0 M5 120 425 430 135 140 145 150
m, (GeV)

95% CL Exp (obs) Limit

3.0 (2.5) xsm
@ MH=115 GeV



Events/Bin

All-SubChannels - data t
Z4r 77
200 W 7Z:hh @wWz
+ B Z+cc  WW
-£ fake 7
150 } Oz 120 <50
i t
100 B
| |

= Expected V4
w |

;E == ___(Observed

E M +l1c

~ 10 +2a /

[} yd

2 -

[=%

- y

= i

U ,,,,,

& L

o) i
o ] ZH — ['T'bb

90 100 110 120 130 140 150
My, (GeV/c?)

95% CL Exp (obs) Limit

2.6 (4.7) xsM
@ MH=115 GeV

Number of events

Results from CDF
ZH1Ibb  [Ldt=9.5 fb

CDF Run Il Preliminary 9.45/fl

WHDlvbb iat=9.5 v

10] oo

0.3 06 o7 [} 0% 1
BNN output (M, = 115 GeVic?)

o 01 0z 03 0.4

=

2 —— Observed Limit

E [ - Expected Limit
:If Pseudo-Exper.+ 15
[&]

&

{=]

I Pseudo-Exper.t 2o

-
o
Y

10

tanmdard Modet
; I

PR A M A A il A i i
90 100 110 120 130 140 150
Higgs Mass (GeVic?)

95% CL Exp (obs) Limit

2.0 (3.0) xsMm
@ MH=115 GeV

95% C.L. limit/ SM
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SM Higgs Search
from TeVatron

VHOvvbb [1dt=9.5 fb

E-+b-jets 9.07 fb™; SecVTX + SecVTX (SS)

[ Diboson [ wiz+ht [IlTop Multijet

'_E' 10° Mistags - Data —Higgs 125 GeVic? (x5)
3 [CDF Il Preliminary] -
e} SR ]
=10 -
= E
] ]
=

o 10 E
> =
w 3

N NSIG

E+b-jets 9.45 fb”' [CDF Il Preliminary]

68% Confidence interval
e 95% Confidence interval
------- Expected 95% C.L. limit
Observed 95% C.L. limit

10

x
o
o
o
o
-
.
"
.
=t
-----
L

.........
---

T T
130 140 150
Higgs Mass (GeV/c?)

o
120

i o — S ——r——————
20 100 110

95% CL Exp (obs) Limit

2.7 (2.7) xsm
@ MH=115 GeV
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98 What we want to confirm? s i svsﬁarff

 Small signal yield in large background

— Well tuned selection criteria and Trigger requirement
— Advanced b-tagging tools

— Advanced Multivariate Analysis
e Large systematic uncertainty
e Statistical analysis: Combination

— W/Z
w # q W
., b '-' b
‘e, / *e, /
q H q Z
\‘ E

For mﬂ=115 GeV Replace Z with H
Total VH: 0 = 46 fb Total VZ: 0 = 213 fb

Q|

Z—>bb yields is 5 times larger, but more W+jets, also there is BG from WW.

Measure diboson cross section with exact same analysis procedure.
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Vzellbb SM Higgs Search

from TeVatron

e Result with 7.5 fb! of Runll data
e The same input variables as the ZH search (19 Variables)

 Measure o(VZ) =0.4x2.8pb
(VZ)§P= 4.42pb

160 C Single Tag D@ Preliminary, 7.5 fb -
- == [ata
C VZ
wk | =
- — F#LF
m 120 - §+DB
= T . 100 & —f
S 60 * Data 160 s —
S C — Signal ] 80 |-
W goF B Post-fit Bkgd = 10 {40 60 |-
20 + 20 W0
C Double Tag 20
0 0 60 5

%) 01 02 03 04 05 06 07 08 09 1

208 20 508 ) VZ RF Output
- E Z+hb

=40 — =40 40 - I | %‘I:lt
L E ] mmm Multijet

-60 D@ Preliminary, L=7.5fb" .60 30 — vzx5

111 I 1111 I 1111 I 1111 I 1111 I 1111 I 11 11 I 1111 I 1111 I 111 20 =
0 01 02 03 04 05 06 07 08 09 A1 C
RF output 10

00 01 02 03 04 05 06 07 08 09 1
VZ RF Output
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VZ%”bb SM Higgs Search

from TeVatron

e Result with 7.5 fb! of Runll data
e The same input variables as the ZH search (19 Variables)

 Measure o(VZ) =0.4x2.8pb
e 1.50 Expected, 0.08 o observed significance _

D@ Preliminary, 7.5 fb ™

[ . . 1 m B-Only LLR
gzm_ D@ Preliminary, L=7.5 fb B Only LLR +10 — Da
E | p-value:0.41 observed Y o
" s 0.07 expecte B-Only LLR +2¢ W 7.5h
8 F 2900 —— §+B LLR —f
g S0 |ﬁ = B Multijet
g;" C B — Obhserved LLR — VZ X 10
W g0 8 [ -
- E = '
0 T
n E B 05 0.6 0.7 0.8 0.9 1
=20 = £ 100 | . VZ RF Output
40 = | Z;ct
- < — -ll'\;luilltijet
50 - VZx5
:I 11 I 1111 I L 111 I 1 5'] __
0 01 02 03 B
10 13 09 1

N =

LLR - O;Jtput



e VZ=>Ivbb

Result with 7.5 fb! of Runll data

Y. Enari 39

SM Higgs Search
from TeVatron

 The same input variables as the WH search (14 variables)
e Measure o(VZ) = 7.2+ 2.03 (stat.) = 2.74 (syst.) pb

Events/0.08
% B % R - & |
[ I o T e TR e
[ T e I e Y e

I'_‘

i}

100

-100
-200
-300

(c) [ \V74

D@ Preliminary, 7.5 fb™
» Data-Bkgd

— Bkgd + 10 Post-Fit

]
JI_I

080604 02 0 02 04 06 08 1

MVA Output

x10*  V(—lv)+2 jets, 1 b-tag
8 .-L DI Runll, Preliminary —+-Data
s 35 . \ B Multijet
=~ [ \s=1.96TeV,L =7.5fb"
g 1= int V+If
£ F () Vehf
S ael = Top
°25E e - W
2 e m:b% B VZ (x1.6)
E =
1.5 —
EoE ==
1= el
050 ™ —-—
6 -

-1 08 -06 -04 -02 0

02 04 06 08 1

MVA vZ
V(—Iv)+2 jets, 2 b-tags
8700_ DY Runll, Preliminary —+-Data
2 s -1 Il Multijet
- \s=1.96TeV, L _=7.5fb
2600 int V+If
Er @ Veh
§500 ™ J m
a0 . VZ (x1.6)
E e
300— "
= .
200— L
- *Wﬁﬁm
100+ |
1 T ©
01

-08 -06 -04 -02 0

02 04 06 08 1

MVA VZ
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VZ%IVbb SM Higgs Search

from TeVatron

e Result with 7.5 fb-! of Runll data

 The same input variables as the WH search (14 variables)
e Measure o(VZ) = 7.2 +£2.03 (stat.) = 2.74 (syst.) pb

e 1.40 Expected, 2.20 Observed significance _

x10°  V(>N)+2 jets, 1 b-tag
835 DZ Runll, Preliminary ~+ Data

\/s=1.96TeV.L =7.5fb" -:'l:lll:ijﬂ
D@ Preliminary, 7.5 fb” i
3 = £ 220E° — B-Only LLR —jus
o 500 0 500F o | - =R
& = 180" B-Only LLR 26
£ 400F (c) £180F __ ot
5 3 o 160__ m— Observed LLR
2 300¢ : .
B 200 ;_ 1 40 E_ 2 0 02 04 06 Ie“?A Vz1
1005 + 1205 N
OF 100 s . Ve
= 80 — V+If
-100 ;— E_ -\Tr;::f
200F o =
=300 =
=N 20F
-1 -0.8 0.6 -0 s .
15 10 15 ‘

LLR 2 0 02 04 06 08 1

MVA VZ



VZ=>vvbb B,

SM Higgs Search
from TeVatron

e Result with 8.4 fb-! of Runll data

e The same input variables as the ZH search (32 variables)
 Measure o(VZ) = 6.9 = 1.3(stat.) £ 1.8(syst.) pb

VZ Analysm sample (twu b- tags}

- MJDT> 00 Do Pr.crllmlnar'_t..r (8.4 fbr }
C _u

o
3

Events/ 0.12
8

'll.h.
VLE
Muhi
vz

vz Anatyslﬁ sample {twu h- tag 5)

N T0E d HE I ™ T
- = DO Prellmlnanr Run 11 8.4 fb —4-Data- Hltgd
S goE- S+BFit [ L
7] = -
P
= 40 ]
w = -06-04-02 0 02 04 06 08 1
30 = Final Discriminant
Eﬂf— o )_.:1(:;:I e |VZ Alnalys.-'.ls sample [oneh tag
= = 2.5 MJDT > 0.0 Do Prehmmaryr (8.4 fbr ‘;—
1“ = E C -UI .
. T
- o C Vel ]
ﬂ_i 5 C Multiiat .
= = :
-1 = I} 1.5F s
1

" Final Discriminant

-06-04-02 0 02 04 06 08 1
Final Discriminant
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VZ->vvbb
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SM Hi
from

42

s Search
eVatron

Result with 8.4 fb! of Runll data

The same input variables as the ZH search (32 variables)
Measure o(VZ) = 6.9 £ 1.3(stat.) £ 1.8(syst.) pb

1.90 Expected, 2.80 Observed significance

(']
S 600
0
70E" Do Prelim § 509
gof-S+BFit E
= @
S0E- % 400
Eﬂ— g 300
10 [ 200
—— —
ﬂ:i-—
it | LT 100
E 1_1 I
I )

VZ—vvbb Analysis

Analysm sample (twu b- tags}
I
Do Prellmlnary [8 4ty ﬁ

—DO Preliminary, 8.4 fb'
” p-value 0.003 or 2.8 sig o

—p-value 0.029 or 1.9 sig exp

— B-Only LLR E:: o 7
wes B-Only LLR 1o i

B-Only LLR 25 -
= S:B LLR :
— Observed LLR

0 02 04 06 08 1
Final Discriminant

Z Analysm sample [one |:| tag
T
DO Prellmlnary (8 a4t }—

.
Multijot

05=08-06 -04-02 0 0.2 04 06 08 1
Final Discriminant




DZero Combination for VZ

e Combine Ivbb, llbb and vvbb

Y. Enari 43

SM Higgs Search
from TeVatron

 Measure o{VZ) = 5.0 + 1.0 (stat.) *1-3 (syst.) pb

 3.30 observed significance

D@ Preliminary, 7.5-8.4 f5'

Signal+Blgd Psendo-Experiments
Mean: 4.52 pb, RMS: 1.52 pb

— Observed Cross Section

S

NI R I
4 G 8 10 12 14
Fitted Cross Section (pb)

DO Preliminary. 7.5-8.4 fii!

—B-Only LLR

—B-Ounly LLR tlg
B-Only LLR +2¢

—S+BLLR

— Observed LLE.

£ ok
2 E
4 10k Observed p-Value: 0.00052
= E Significance: 3.28 s.d.
g OF
Z 4002— DO Preliminary. 7.5-8.4 o = m— — Observed Cross Section
E 3'[]'[1;— 10§—
m EDG:_ I L T Y O o R E A P R
E 0o 2 4 6 8 10 12 14
].DU = 1 Fitted Cross Section (pb)
U; g L1 g -
_100E | S 2500
200 2 -
QDUE —Data - Bked g 2000~
-300E — Bkgd Uncert. E -
_400E vz E 1500F-
_SDG:_‘III||IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII glooo:—
0 010203040506 070809 E -
MVA ordered by s/b 5001~
Ty



Events/bin [fit to data]

Number of events

T T v -100 |
100 — - ww T :
e L 200 |
j: A _
Hiﬁ;;ﬁ O -300
+

Event/Bin
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SM Higgs Search
from TeVatron

0.? an a8 1
WZ BNN output

% 01 02 03 04 05 06 07 08 08 1

NNgic

CDF Run Il Preliminary 9.4/fb

| Full CDF Fit

8
=1

150 |

100

50

showing : ee uu

| )
Y F-
B |

t"n.

Twodel Threedet TT TL Tx LL

f

&
M,

+
& &

0
0

Diboson Discriminant

400 Z+bb

—4— Data-Background
[ WZ+77 Signal

— =1 s.d. on Background

CDF Run II Preliminary
L<95fb"

i

I_ Ff:brluary 2'}",|2{)l2 | ISinglt~:+1|_'3'cnublf.: Tagged ]IEvents
4 35 -3 -25 -2 -15 -1 05 O

log,,(s/b)

e Measure o(WZ+ZZ)=4.08 £ 1.32 pb

7 - data

241
0 Z4ee

Nzz

Bwz
WwWw
fake Z

e 3.20 observed significance
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13 CDF+DZero Diboson VZ result 1 e Search

from TeVatron

<G 1200 Tevatron Preliminary, L _ =< 9.5 fb” R gool Tevatron Preliminary, L <9.5 fb”
= L I~ N in
3 1000~ 1+2 b-Tagged Jets S | 1+2Db-Tagged Jets
(C,D —+- Data - Bkgd ~ 400/
L 7)) -
800 — Bkgd Uncert. =
» sooF Wz 2 00l
7]
£ 600 = os 2 _
5 |
i oF
- —+-Data - Bkgd
-2001—
C — Bkgd Uncert.
-400/— vz
I—' '|IIII|III IIIII|I Il IIII|III' 1 .l Ll |l|lIJ ]IIlIlllllllllI.'Jlll
0O 50 100 150 200 250 300 350 400 0O 01 02 03 04 05 06 07 08 09
Dijet Mass [GeV/c?] MVA ordered by s/b

o(WZ+ZZ7)=4.47 + 0.64 (stat) £ 0.73 (syst) pb
with 4.60 significance (V2= 4.42pb

This demonstrates a capability of Higgs boson
search with H=>bb at Tevatron.
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SM Higgs Search
from TeVatron

Combine all H>bb analysis (CDF+DZero)

Tevatron Run Il Preliminary H—bb L <9.7 fb™

5‘3 | wemss Expected | I #ioExpected i 1
E = Observed | 1 +20 Expected
E‘E... H H H H ]
(Tp) |
(o3]
1 _
: : : : Ffbruan.r 28, 2012 |

10 01l |
100 110 120 130 140 150
m,, (GeV/c?)



Y38 Result on H>bb: CDF, DZero and Tevatron

o F
= _ [ CDF Runll Prelminary ELLR, +1sd.
g 20F a [ JLLR, #2sd.
- [ SMH-bb L <951 ---LLR,

S 155 --.LLR_,

E} - —LLR__

= 10 :—

>

S 5

Feb 24 2011 Higgs Boson Mass (GeV/c?)

|I 1
100 105 110 115 120 125 130 135 140 145 150

Log-Likelihood Ratio

II 1
100 105 110 115 120 125 130 135 140 145 150

Feb 24 2011 Higgs Boson Mass (GeV/c?)

SM Hi
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s Search
from TeVatron

D@ Preliminary, L <9.7 fb”
SM H—bb Combination

ILLR, +1 sd.
[ JLLR, 2 s.d.
---LLR,
--LLR_,
—LLR,

—_ = M
o o O

Log-Likelihood Ratio

)]

Tevatron Runll Preliminary
SM H-bb,L <9.7fb

BUILLR, +1 s.d.
[JLLR, 2 s.d.
--:LLR,
-«LLR,,,
—LLR,

-10 L .
100 105 110 115 120 125 130 135 140 145 150
Higgs Boson Mass (GeV/c?)

Feb 24 2011
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How consistent with background only  .,....cc..ot

from TeVatron

* Highest local p-

@ - [ — Al Tev channels
valueis foundat  § 10 GEASTICRNY e
m,, = 120 GeV/c? T 1g B oo
e SamelEEof4 for SN T 4 1
entire SM search il A S T 2
range from 100 to - e y 4. 20
200 GeV/c? o
------------------------------------ 46
10305116120 130 140 150 160 170 180 190 200

February 2012 Higgs Boson Mass (GeV/cQ)

SM Higgs Searches

Local P-value Global P-value

CDF+DO 2.80 2.20
ATLAS 3.50 2.20
CMS 3.10 2.10
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Latest result from Tevatron e e

from TeVatron

Tevatron Run Il Preliminary, L <10 fb™

| I I 1 I I I I I I I I 1 1 I I I I 1 i 1 I I 1 | I I I 1
vsies  Expected | - | | | ATLAS+CMS

Oberved | Tevatrnn Exclusidn
¢ Expected-— +AT LAS+C MS--
"::ﬂwExpecmd
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ATLA5+CM5 {
Exn::lusmn : : :

Februanr 2? 2012

100 110 120 130 140 150 160 170 180 190 200
m, (GeWc )
95% C.L. upper limits on SM Higgs boson production at the Tevatron
- Expected exclusion: 100 <M, <120 GeV 141 <M, <184 GeV
- Observed exclusion: 100 <M, <106 GeV 147 <M, < 179 GeV
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LLR in Tevatron combination A Himee Seorch

from TeVatron

Real Data Analysis

P
o

o
= [ Tevatron Runll Preliminary ElLLR, +1s.d.
T 29[ SMHiggs, L <10.0fb" CILLR, *2s0.
g 30 19gs, L, = 1V ---LLR,
8 --.LLR_,
= N
T 20 — —LLR
s -
<
2 10
-
0 -- -
-10

100 110 120 130 140 150 160 170 180 190 200
Higgs Boson Mass (GeV/c?)

Feb 24 2011

LLR = -2In(Q)

3o Signal Injection Study

Tevatron Preliminary Higgs Projection
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_IIIIIIIIiIIIIIIIIiIIIIIIII I 1 S |
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History of Tevatron Combiantion (LL

R)

o 40
= L Tevatron Runll Preliminary [ILLR, £1sd.
< - SM Hi L <10 Ofb4 [:]LLHb +2 s.d.
-g 30 E 1998, int . "-LLHB
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T 20F —LLR
X -
I r
g>10
-
0 L
10F
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SM Higgs Search
from TeVatron

14 E T i

= fLLR, £lo Tevatron Runll Preliminary
2 PR, 26 [=2.0-5.4 b
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Summary _—

Search for Higgs boson to prove Englert-Brout-Higgs
Mechanism at Tevatron

ATLAS and CMS excluded high mass region from 130 GeV
to 600 GeV, and having excess around 125 GeV, mainly
from Higgs decays into vector boson.

Exclusion region in the Tevatron combination is

100 < M, <106 GeV and 147 < M;<179 GeV
We observed an excess around M,=125 GeV with
significance of 2.2 o (local 2.7 o)

— Largest excess is from H—2>bb, significance of 2.6 ¢ (local 2.8 o)
Validation with cross section measurement on Diboson
VZ, Z->bb demonstrates a capability of Higgs boson
search with H>bb in the Tevatron combination.

There are still some idea to improve sensitivity.

— Tevatron may be able to provide a measurement on
Yukawa coupling! Stay tuned!

Y. Enari

s Search

from TeVatron
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BaCkUp SM Higgs Search

from TeVatron
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SM Higgs Search
from TeVatron

................. -200E:

10
0750 100 130 200 350 300 350 400 O 50100150
Dijet Mass [GeV]

"’00 7“0 3{){] %‘?{) 400

=

iD 100 1-:.[]. 700 7"70 300 %‘EO 40C
Dijet Mass [GeV] Dijet Mass [GeV]

e A simultaneous fit of WZ and ZZ performed

/7 Cross Section (pb)

= ¥ Standard Model
35T Do Prelimihary
A - be—3 ® DMeasurement
. ‘EE L=[75-841b —— 68% Contour
' % = === 0504 Contour
2.5E e
2 f ,-"" : T S
1564 e T
1 r NN
05— \ AN
0 E | 1 |q."‘ 1 |\ 1 1 1 T 1 1 1 1 \ 1 1 v..-.lil 1 1
0 2 4 6 8 10 12

WZ Cross Section (pb)

c(WZ) =

5.9+ 1.4 (stat.) £ 0.7 (syst.) pb
o(Z2) =

0.45 = 0.61(stat.) = 1.2 (syst.) pb




PARI

Y038 Behavior on Dijet mass

o After subtracting background
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SM Higgs Search
from TeVatron
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SM Higgs Search
from TeVatron
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.Iazgs SM Higgs Search

from TeVatron

® Visualizing O(100) input distributions can
be simplified by reordering bins by signal
and background content
- High s/b region is where we would
expect to find an excess
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SM Higgs Search
from TeVatron
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SM Higgs Search
from TeVatron
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SM Higgs Search
from TeVatron

Tevatron Run Il Preliminary, L <10 fbo
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® 95% C.L. upper limits on SM Higgs boson production at the Tevatron
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SM Higgs Search
from TeVatron

D@ Preliminary, L <9.7 fo”
SM H—bb Combination
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13y Cross check on Diboson process e st

from TeVatron

e Benchmark of H=>bb searches with real data.
e \VZ2>leptons + heavy flavor jets

— W/Z
“ b
q Ay b o " 2 -
~ b T~ -
b
For m,,=115 GeV Replace Z with H
WH->1vbb: o = 26 fb WZ->lvbb: o = 105 fb
ZH->vvbb: o =15 fb ZZ->vvbb:o=81fb
ZH->1lbb: 0 =5 fb ZZ->1lbb: 0 = 27 fb
Total VH: 0 =46 fb Total VZ: 0 =213 fb

— Z->bb yields is 5 times larger, but more W+jets, also
there is BG from WW.
e Apply same analysis procedure with low mass
H—>bb analysis, and check sensitivity.

Cross check on H to bb Search
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!:!)E@ V+Jets MOdeIIng SM Higgs Search

from TeVatron

e ALPGEN+PYTHIA is used in both CDF and DO.

— D@ analyses apply reweighting from extracted from data to
V+Jets monte carlo.

— Lepton n, Jet n, angle between jets, W pT
Consistency check between lepton, data epoch, final state, etc..

Plots courtesy of Adam Martin

Sherpa
Alpgen

Sherpa/Alpgen

BIHE RPA w1 .E{S.-'AI pgen v2-.1 1 IISHE RPA v 1..2 3 Al p-gerll.\nﬂ A1

2 3 E) 5. - —; -1 ['] 1
AR(jetl, jet2) n(jet2)

3
2
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o While performing tagged

WW/WZ search Z-Jet Balancing: Jet QG Value
- Gluon-Quark separator & HE_'m:Fn:..;:.mm'.ﬁ'.;m-: - +
- Z+1Jet balancing studies g‘ 777 358 3o hene =
performed R _ ,.+++ g
- Poor description of Z-jet £ v,»* ';}‘ S
balance seen in gluon-like jets. e 4'+H+ _
« MC gluon jets harder in ET than 0o ;+~-.,.__,_+ +::'.'-'F' ‘ B
data by ~5% of ET ”":F gy ;
« MC quark jets well described R T B
- Origin of mismodeling Jet QG Value

%2 of Data and MC Comparisons
CDF Run W Pralissinary, [L--l.ﬂ:"

Affects jet energies, dijet mass
spectrum of untagged jets
- Negligible effect on tagged jets

« For 2012 results, MC simulation has
been corrected for this effect

« Change to expected or observed
limits far below other systematics

Oorf more inrormanon: -
hifp:/ Awww-cof fnal.gov /phy sics, mew/ hdg /Resuls_fike s /results/wzllbb_07 1911/ Diboson_public_4s. &b.nimi 0




New b-Jet Identification

e Calibration samples

- Kinematic selection of
W+4,5 jets events (di-top)

- QCD dijets with
low relative-pt electrons

« Not an input to tagger
- Semileptonic decay electrons

- Enriched in b,c

» Photon conversion electrons
(New method)

- Primarily u,d,s,c,g <2

- Examine both e-jet ST

and opposing side jets

e These samples produce correction factors and
uncertainty estimates for simulated events

i X -----—---i—---------b

e Resulting b-jet tag-rate corrections: ~5%+*4%

23
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Y3) CDF: eebb analysis SM Higgs Search

from TeVatron

® /H: s:b of new events in 2012
ZH— e*e’bb best S/B events

S/B

04f

New Candidates For Winter 2012 Analysis
Previously Observed Candidates

0.3}

Events
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