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Lower limits obtained from direct

searches at LEP
m, > 114.4 GeV@95% CL

Bounds on Higgs mass . & w

6
* And exclusion from Tevatron, = el
m,#170 GeV@95% CL . 001 -
4 » ind low ©° data -
NH
= 3
* Global SM electroweak fits provide 2
upper limit
1
. it gives m, =84 GeV
The bestiit gIves i —26 0 Excluded Preliminary
o Limit from fit m, < 154 GeV 30 100

* Lower Higgs masses are preferred
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Production and Decay WW%
/ v "
<.

* Main production process is gluon * At lower masses dominant decay

fusion is to bb
* Associated with vector boson, and ¢ To suppress multijet backgrounds,
vector boson fusion are significant we have to look into associated
L . production
* use all contributions in analyses
Low High mas>
mass |
T | < E V
= I £ b
S H &
_qg—WH iy m
10° \ 10"
10 bb—H qq—ZH
loo 120 140 160 180 200 10900 120 140 16 180 200
mH [GEV] m,, [GeV]
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Pp/pp cross sections
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.--.].u :E T T ' T TT || ] T T 1 TTT T T
=014 PP PP
ol0 s c
1013'_ ot = &)
i Z e
10 - : o —
m“’i— “hﬁ/
0% . /*’”f’
- O jﬂ(E'T“' > /s/20) _—
107. c ——
3 w
10 7% O (EL > 100GeV)
10°¢
1“4% / ¥
3
10 _ Ot
102L Gjﬂ(Ef:' > Vsi4)
10 HGHiggS(M,,zlsoGev)l
1 = \
- Gy (M, =500GeV)
lu -1 H]gg | " L1111 1 | | I I | |
3 4
10 10 Vs (GeV
02/10/09

search?

* We have to be able to measure known
processes

- Good background modeling

— Good estimation of multijet
production

- Extensive application of advanced
analysis techniques to find phase
space regions with good signal and
background separation

* Then we need to extract tiny signal
from huge background

— Measurement of low cross-section
SM processes, like single top and
VV, can help

L. Z. Low mass Higgs at Tevatron
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Overview of tine Higgs searcn at [evaitron

* Low mass: - * Common challenges:
We optimize

- WH->lvbb (I=e,u,r)/ lepton ID to o~ Lepton and jet id

improve sensitivity

- ZH->llbb (I=e,u,7) - MET reconstruction
- ZH->vvbb and , b-tagging
We select 1 or 2 . : :
Yt\:uHT(DtV " |k b-jets to further - multijet estimation
€ 1EPION IS 105U suppress - systematics

~ H->yy background |

* Recent improvements:
- ttH->ttbb

— Better trigger and b-tagging
— VH->jjbb algorithms

— Better lepton ID

-~ b
\ Vv H.-“p - Improved dijet mass
/’\NVV\/% resolution
V X _ .
. recise measurements of
<, p

) some known SM processes
02/10/09 L. Z. Low mass Higgs at Tevatron
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Tools - b tagging
* b-tagging is crucial for low mass Higgs searches

* Bottom quarks will hadronize, make bound states, b hadrons,
immediately after they are produced

* Several b hadron properties can be exploited to tag the b-jets:
— long B lifetime (1.57+0.01 ps)

* Can travel few millimeters in detector jet
* Displaced vertex from the hard-scatter

interaction region on the order
Of ~ 3 mm Secondary vix
'k\

- high mass (~5.2 GeV/c?) \\ Lz?_,__,-"l;' displaced track
- high charged decay multiplicity Primary vix u
(4.97 £ 0.06) - more tracks B

— (Soft leptons are produced)

02/10/09 L. Z. Low mass Higgs at Tevatron
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[0ols - b tagging
* We develop b-taggers based on lifetime, or on their combination,
* DO:

— Counting Signed Impact Parameter

-]
Icll 1 T

- Jet Lifetime Impact Parameter

- Secondary Vertex Tagger

1
IGII T LIL T LIL

- Neural network tagger — uses inputs ;
from other taggers

b-jet Efficiency (%)
3

- CDF; 40
- —— NN
- SecVix: secondary vertex finder. 301 JLIP
- JetProb: jet probability from track 0051152253354
signed impact parameter. Fake Rate (%)

- Neural network tagger to better
separate different flavors

02/10/09 L. Z. Low mass Higgs at Tevatron
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Multivariate techniques

* Once we understand data, we want to try to extract signal

* Multivariate techniques are more powerful than simple cut

method

* One output, usually between 0 (background like) and 1 (signal
like events)

» Neural networks -

- trained on a set of discriminating variables for signal and

background
* Decision trees 6'?/\
- simple “yes/no” answers for different cuts

* Matrix elements [ g7

- uses LO matrix elements to calculate event probabilities
02/10/09 L. Z. Low mass Higgs at Tevatron 9



‘;i;) (COLUMBIA [JNIVERSITY

I THE CITY OF NEW YORE

| Ldt=2.7fb"!

Selection

WiH->lvbb, |=e,u

<

1 lepton

p,(0>15,20  MET > 20 |

At least 2 jets

pT(j1)>25,20 pT(j)>20 One or 2 b-tagged jets

* Major issues: understanding multijet and W+jets productions

Evenis

02/10/09

D0: new result for this conference

pretag

[ L=271b" W+ 2jets
5000 D@ Preliminary ® Data

i [ W +jets

i AT . multijet
4000~ w Wi

i Ewtb

- .other
3000
2000}
1000}

0 20 40 60 80 100 120 140

W Transverse Mass (GeV)

Candidate Events

40

30

20 |

10|

2 b-tag
CDF Run Il Preliminary, L=2.7 6" [

[ w+charm
[l W+bottom
[ Nen-w
[l Diboson
.Z+jels

. Single_top
.TopJ)air
- Data

— WH(115)x1(

e],eq' 01' pémoslou'ec') e'1u0|/\|l

50 100 150 200 250 300
ij2
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[ Ldt=2.7fb" WH‘>|Vbb, |=e,|l

. 2 b-tag
"5 L2270 W + 2jets / 2b-tag
@ 1o’ DO Preliminary S * DO0: Uses Matrix Elements as an input to
: e /Eleural Networks which is final
10 o discriminant
OwHx 10
1oL * CDF: Two separate analyses: Boosted
Decision Tree with Matrix Elements as an
1t input, and Neural networks. Results are
: combined using NN
02 0 02 04 06 08 1 1.2  OOF Al Prlminay, =275 EE(WW’M
2 b-tag NN output £ - > 2-Tag -
 Systematics are similar, i o
dominated by b-tagging F
! | 2 b-tag
+ Total ~15-30% .
MH =115  Exp. Obs 'E
CDF 2.7fb) 4.8 5.6 :
DO (2.7 fb?) 6.4 6.7 et Atk de b

L I | L1l
0O D1 02 D3 D4 D5 D6 0.7 DB D9 1

] NN Output
02/10/09 L. Z. Low mass Higgs at Tevatron 11
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ZH->llbb

* Crucial: understanding of Z+jets processes

* Selection CDF DO
2 leptons pT(11)>18 pT(2) > 10 pT(e,m)> 15,10
Atleast2 jets | pT(j1)>25 pT(2)>15 pT(j)>15
One or 2 b_tagged jets M” in Z mass window
* To gain maximum sensitivity several lepton ID criteria are used
reta —_ -1l
P %o Runlib Preliminary 1.2 fb™ — pretag -[ LC[t— 2‘3’ 2.71b
3 F it Sininia i CDF Run Il Preliminary (2.7 fb™)
o - - --- QCD Background 109 _ e data [ ZZ . Z+bhb
%1025— —— it Background - 10: nioe .ZH Egkes .Z+j|:t5
"'>‘ E ! -_ijzBBaac:lfgr?:;:d E ::gﬁ D Wz BMzstt . mismgs_
§ B d o — Zujets Background E 10° B ww [ z+ce  [0] uncertainty
8 10 — Z+bb Background fom
£ = Ui | —— Z+cc Background =)
i Wm% i
i3 il E
n 4
10";— R e 3
- -l H[;”‘ﬁf 0 20 40 60 80 100 120 140 160 180 200
0207206080 900 920 140 160 180 00 Missing E_(GeV)

M,, (GeV)

02/10/09 L. Z. Low mass Higgs at Tevatron 12



‘Gi:) (COLUMBIA [JNIVERSITY

I THE CITY OF NEW YORE

discriminant

* DO uses NN as final discriminant

2 b_tag \ DO Runlib preliminary 1.2 fb™

10

8
i
fj+

Number of Events/0.05

R
10
1
i

I_|

ZH->1lbb

* CDF uses 2 dimensional NN as final

—8— Data
— Signal = 115)
—— Tetal Background
—— Signak-Background
- == 0 Background
—— 1t Background
—— ZZ Background
WZ Background
—— Z+fts Background
Z+bb Background

——— Z+0c Background

10° -y

* Systematics dominated by b-

tagging

L1 |0.4| 1 |0.

G|

L1 11 1 ! 1
0.8 1
Meural Net

| | I | 1
1.2 14
Output

Nao@dRAED
088888888
S

| Ldt=2.3,2.7fb"!

MH =115

Exp. Obs

CDF (2.7 fbY)

99 7.1

DO (2.3 fb?)

123 11

02/10/09

v

Number of Events

Z+Jets

2D NN output for Z+jets

CDF Run Il Preliminary (2.7 fb™)

® data [ 22

H z+b

—_—rH % 15 . ZH Ou l:‘ Ztjets
4 . ] fakes ;
3.5 M, =120 Gevier W2 gz .. Emistaes
. Eww @ ztee uncertainty

01 02 03 04 05 06 07 08 09 1
10% Slice Along the Z+Jets vs. ZH Axis

L. Z. Low mass Higgs at Tevatron
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VH->E bb

Selection:

CDF

MET > 50

MET > 40

At least 2 jets

pT(j1)>35 | pT(j2)>25

pT()>20 A¢(j,j) < 165°

One or 2 b-tagged jets

* Crucial issues trigger modeling and
multijet estimation

* CDF: Bulk of multijet is removed using
dedicated NN fLC[t= 7 1fb-!

DO
E 3_I IDIé T II.I I. T T I (I2I1Iflb-|1)l LI | T T 17T 'll_l. T T T_'__
. - relimina . ]
s “F N ry N ¢
n C Hl Top ) p re agE
et 25 Z+b/c-jets 1
QC) ~- [ Z+jets(l.f.) -
> B W+b/c-jets 7]
7] C Wejets( f.)  mmmm ]
2— Diboson —
r I Multijet ]
- —— Hx500 (115 GeV. —
15 = e
1= .
0.5 =

2.5
min A¢(Jets, ET)

mve mae ma~~ v Axaewers

QCD Di-jet (Bb)

Fake Missing E;

Dijet Invariant Mass, Signal Region, ST+5T

2of
20f
18f
16F
14f
12F
10F

N B o
TTTTT [T TT [T T TT

=
TT

1st jet

CDF Bun Il Preliminary, 2.1 fb"
[ |
o

ceidir

0 50 100 150 200 250 300 350 400 450

M (GeV)

2 b-tag
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VH->E bb Wi
o P
* CDF: Final discrimination is done using NN .
signal V/l/
* DO: BDT is final discriminant [ £de=2.1fb"
. Syst_gmatlc_s do_mlnated by ouipi, SgnalFogion 5745 |
multijet estimation, b-tagging... sor CDF Run Il Preliminary, 2.1
o 2 b-tag T
i ) mtomiins
30— — VHnas
S sl T " D@ preliminary (1.2 fb)- i i
=~ || 2 b-tag e 201 2
g 40 i E::tcsae:s) i
Z + ol
30 ! EAEEE; 15 GeV)

20

w NNoutput

"’ MH = 115 Exp. Obs
% i CDF 2.1fb") 56 6.9
DT discriminant DO (2.1 fbl) 8.4 7.5

v

02/10/09 L. Z. Low mass Higgs at Tevatron 15
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Entries per 12 GeV

 DO: Search for WH->tvbb

 Complements WH->Ivbb

studies

* NN as final classifier

e . g W &
[3,] - (3] N [3,] w (3] b [$,]
L LAY AL AN AR LR AR RN RRRRN ALY

o
SITTTT

MH =115 Exp. Obs
D0 (0.94 fb') 42.1 35.4

D@ Runll Preliminary 0.94 fb™

Data
- Wijets
I co muttiet
- Top

Other SM backgrounds
H+(W/Z) x 10

Didet Invariant Mass (GeV)

02/10/09 L. Z. Low mass Higgs at Tevatron

140 160 180 200 220

(V)H->T_+X

* CDF: Searches for all possible

T tlepton(from t decay)+2jets final

states

* 3 separate NN against major
backgrounds, minimum value is used
as final discriminant

MH = 115 Exp. Obs
CDF(2fbY) 30 24

KS prob = 68.4% CDF Run Il Preliminary
N
E —=— Observed (L = 2.0 fb™)
2 Jet - 1 (QCD+Wijets)

10° Top
Diboson/Z — Il
| Z—> 1+ jets

Higgs(MH=1 20)<30

Min(NN(Sig _Z),NN(Sig_Top),NN(Sig QCD))
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Benchmarks for LHC: H->vyy, ttH->ttbb and VH->jjbb

* VH->jjbb: ME based search, huge multijet | coFrunupretiminary  L=20m"
background S e

o
U
=
=
QO
>
O

* ttH->ttbb: at least 5 jets, at least 3 b-tags 10’%

10

* H->vy: NN photon id, look for excess in di-
photon mass spectrum

MH = 115 GeV Exp. Obs

VH->jjbb 2 fb) 36.8 37.5

H->yy27fbY) 217 26

v tth (2.1 fb) 453 63.9

| [—— cata
E | ] single top, WZ, Wbb (MC)
= | I ttbar (MC)

E | | gcd (data driven)

E VH signal {40 = SM})
E v By B b Bvvn By Lo
-20 -19 18 17 <16 -15 14 13 12 -11 10
ME Discriminant

DO Runll 2.7fb™ Preliminary ¢ data
- 1 100E = - 100xttH->ttbb
D@, 2.7f6°  _ sof ~data s [ >5jets,>3tag — 1
10°E (b S D abs0 (M =130GeV 5 | Zies
= 70 — signalx = e NPT ,
- (b) w 10 502— 9 ( H ) g 10 = w diboson
> = Qso E ¢ Il single top
8 I £ a0 ‘+“ 1+— 2 gy B multijets
10 Boor T it
I K\( K RntuA ¥
& m 2% S
E B 105_ C
) Q5 120 125 130 135 14 145 -
u>1102 3 e, M é |
C _’1‘.7".?_’_ ) 10 =
. data _ S + =
10 bkg parameterization | i
= bkg predlctlon *'r | §==56-"T06"150 200 250 300 350 400 450 500
C 1 . | i & 5 ] 3 H; (GeV)
0 80 00 200 140 160 780"

|\[|W (GeV) s Higgs at Tevatron 17



‘Gi? ( 'OLUMBIA [ INIVERSITY
I

Limits - CDF and D@

* Not all shown channels are used
in combination, for instance DO

WH is for 1.7fb, and I=e,u

CDF D@
Channel | Lumi | Channel |Lumi
WH->lvbb | 2.7 | WH->lvbb | 1.7
VH->MET+bb| 2.1 |VH->MET+bb| 2.1
ZH->lIbb | 2.7 | ZH->lIbb | 2.3
H->2jet+2 1 | 2.0 H ->yy 2.7

CDF Run II Preliminary, L=2.0-3.0 fb™!

95% CL Limit/SM
S

------ L

1
i B

i i Loy g

Janu:?ry 15, 2o’p9 ]

100 110 120 130 140 150 160 170 180 190 200
m,(GeV/c?)

02/10/09

95% CL Limit / 6(SM)

Limits are ratios of excluded
cross sections and SM cross

sections

@95%CL M, [GeV]l cDF | D@
115 | 3.17 | 4.6

expected 735 417 | 51

] ) 115 | 3.76 | 5.3

ODSENVEd™ 130 | 467 | 8.7

DO Preliminary. L= L0-3.0 5|

= (Obsérved Limit

SNI Higgs Combinatioh

Expdcted Limit

CExpdcied 16

- Expected £2-0

[am]
I

:Standa:rd Moﬁel =1 :0

..............
....
g

I

L. Z. Low mass Higgs at Tevatron

100 110 120 130 140 15

) 160

170

80 190 200
My (GeV/c?)
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" Tevatron projections
8.82 fb!
sz Data set has doubled every

% — 7.72 fbl ye ar

Shown today ~ #~

w1 ¢

eady . "™mtme Expect ~ 8 fb! by the end of

O

Real data for FY02-FY08

Integrated luminosi
N

3 7 2010 from Tevatron
% /_// 09 start * We could have more than
e 6.5 fb from each experiment
* Projected median expected upper _  2XCDF Preliminary Projection, m,=115 GeV
limits on the SM Higgs boson cross 2 — Summer200s *
section, scaling CDF performance § — Swmmerzor |
to twice the luminosity. g \S = moanens. ]
R s
* The solid lines are 1/V(L) g -\\\‘\\\\:
projections, as functions of \\\"‘“\N%S;:Z
integrated luminosity per T e e e
experiment. —
0 2 4 6 8 10 12 14

Integrated Luminosity/Experiment (fb")
02/10/09 L. Z. Low mass Higgs at Tevatron 19
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~"""Summary and Future Perspectives

* Tevatron is running well and its reliability has improved
* Two mature experiments, performing very well

- The sensitivity continues to improve at a rate faster than the
data accumulation.

* We expect further improvements from

- more data (luminosity)
- improvement of lepton identification
- Improving b-tagging
- Improving dijet mass resolution
- optimization of multivariate techniques
— including new channels
* Look for better limits in the next weeks

02/10/09 L. Z. Low mass Higgs at Tevatron
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Backup

L. Z. Low mass Higgs at Tevatron
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Essential ingredient of the Standard Model

- Complex scalar field with potential
Used to break the electroweak symmetry......

M .=1vg M, =1vg/cosB, =M, /cos,,
* and to generate fermion masses:

mf=ng/\/5 [ gf=mf\/E/V

Unitarity requires a Higgs boson or similar

Wi Wi wo Wi W,
— Ccross section diverges L.:ﬁ{: M
I 2
Ilke S/ MW W Wr wi Wi Wi
. {a) (b)
— scalar Higgs boson cancels wj vl ow wi
divergences H :::I{:
Wy Wy wg Wi

02/10/09 L. Z. Low mass Higgs at Tevatron
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b jet

g Q jet

* Lower limits obtained from
direct searches at LEP
m, > 114.4 GeV@95% CL

* And exclusion from Tevatron,
mH#170 GeV

m].:II|||||||||||||||||||II|III|III|II_IIII:
- P

o Y &

10 ¢ N -

20
10

ar .
10 - Observed

--- Expected for
B background
4
10 ¢ E
st 1144 .
10 = 1115.3 =
6: i i 7
10 el Lo b Lo g Lo g Pl Log g Lo
100 102 104 106 ]08 11(] 112 114 116 118 120
mH(GeV/c

02/16, v~

Bounds on Higgs mass . ¢ . .

. .. LOW mass Higgs

b.

global SM electroweak fits provide
upper limit

The best fit gives i = 84 T35 GeV,

Limit from fit m, < 154 GeV

Combined with direct searches:
m, ~< 182 GeV
B ——

|
5 . 3 Ao =
e = Q.0Z2758E£0 00035
£ - D.027 4':"""" L" 012
4 - L ws ind g jata

"
3 3
-
1
0 Excluded .ﬁ“-. 4 Preliminary
30 100 300

m,, [GeV]
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Impact on the global SM Higgs fit

- Gfitter Group, arXiv:0810.3664 [hep-ph]

— Includes constraints from LEP and Tevatron (Summer ‘08)

12 | T | el | T | T T | R L | L T 1 | T T ,l‘ ] TAT | T T
= 3 2 i
s bl A
10 — & s A
- ® [E] fitter |.): -
’ = 130
8 E —
— u —
/ x -
== & —

G W - __’
8|~ — 20
i Theory uncertainty 3
- — Fit including theory errors -

2 _ ---- Fit excluding theory errors |
b e e e s -"‘1 = 1U
i i | | ] [. ! [ | 1 1 I | | 1 1 1 1 1 1 | I O | 1 1 | | - |

BBD 100 120 140 160 180 200 220 240 260 280
M, [GeV]

- Central value for the Higgs mass: M, =1164"2° GeV

02/10/09 L. Z. Low mass Higgs at Tevatron
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Iction ...

Main production process is
gluon fusion

* Associated with vector boson,

10

loo —

x PR
140

180

200

eV]

e At TE€Vatron 25

and vector boson fusion are
significant

use all contributions in
analyses
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DF and D@ experiments in Run |

* Both detectors are upgraded in Run Il
— New silicon micro-vertex trackers

Forward Mini-drifi

-tentral Seimtillator | Forward Scintillator

chambers

- New tracking systems

- Upgraded muon chambers

L2, B
| AR i i -
% . T o
o LA A,
g A TR D | .
‘ Fool IR 1)

= B - SR o A S _-\'..:'.‘_ S
» i
v E : ' -\. A I'-IH"hl. 2 | | —|I r|r| N |
Dl S LT AETED

MNew Solenoid, Tracking System
51, Scifi,Preshowers

5 BAR
e i

I

‘ : ‘

|

ik

|

+ New Electronics, Trig, DAL

.' dpme D@: new solenoid, new pre-showers,
coT ettt L@ for SMT in Runllb, new L1Cal trigger

!..qu-;:n chﬁmhers.'sr:in!ilia‘rnm

SV + ISL

CDF: new Plug Calorimeters, new TOF

02/10/09 L. Z. Low mass Higgs at Tevatron 26



S Cotmpa Unvesi™ Byaga taking

; Run Il Integrated Luminosity 19 April 2002 - 26 January 2009 |
> More than 5 fb! on tape ready for winter

6.0 +
55 1 * More than 85% efficiency //
50 1+ > Peak luminosity ~3.2E32 5.87 — 7
— 1)

4.5 /
40 Run lla 1_ Run b /;

< —
35 //

3.0 / _Jl/‘ 5.151_
N/
2.0 i j//

' a4 \J
15 summer analyses
- .

Luminosity (/fb)

10 |~ — Delivered
— Recorded
05 —
U-D _f
Apr- Aug- Dec- Apr- Aug- Dec- Apr- Aug- Dec- Apr- Aug- Dec- Apr- Aug- Dec- Apr- Aug- Dec- Apr- Aug- Dec-
o2 o2 o2 0z 03 03 o4 o4 o4 05 05 05 1133 111 1133 or o7 or og o8 og
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il

G

Integrated luminosity (fb)

02/10/09

Tevatron projections

Real data for FY02-FYQ08

FYQ09 start

3 &) = s
DR L A s ¢ S

n oy X
,&f@’! ® -}-’hﬂﬁ%

%
o

. L’i':l :
&

B 8]

L. Z. Low mass Higgs at Tevatron

B Highest Int. Lum
B Lowest ot Lum
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Data taking efficiencies

m Daily Data Taking Efficiency | 19 April 2002 - 25 January 2009

100%

i-

Q0%

wl 4 ?mﬁh }. ' xm,ﬁ;-

I' b
1’
L
&

T0%

L]

G0%

50%

Efficiency

40% 4

30% E ' 3 o # Daily Efficiency

e ® 4 10 Day Average
204, -

* = 30 Day Average

10%
Apr-  Aug- Dec- Apr-  Aug- Dec- Apr- Aug- Dec- Apr-  Aug- Dec-  Apr-  Aug- Dec- Apr- Aug- Dec-  Apr- Aug-  Dec-
0z 0z 0z 03 03 03 04 04 04 05 05 05 06 06 06 or o7 o7 08 08 08

02/10/09 L. Z. Low mass Higgs at Tevatron
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Combining channels
* Our goal is to understand the theory of the SM Higgs boson

- The answer is either “The SM Higgs is there” or “It's not
there”

* We test our data for compatibility with one of two hypotheses:
- SM+Higgs or SM-Only
* We use a semi-Frequentist statistical model to perform this test
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 The width of the LLR, distribution (1o and 2c bands) provides an estimate of how

sensitive the analysis is to a signal-like background fluctuation in the data, taking
account of the presence of systematic uncertainties

For example, when a 16 background fluctuation is large compared to the
signal expectation, the analysis sensitivity is thereby limited.

« Thevalue of LLR , relative to LLR_, and LLR, indicates whether the data
distribution appears to be more like signal-plus-background or background-only.
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Combined limits — Tevatron

m,, [GeV]| Tevatron
115 4.3
expected 160 1.9
115 6.2
observed 160 14

http://arxiv.org/abs/071
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