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w Introduction )

Low Mass
Higgs @ Dzero

* Higgs boson is last missing piece in the SM

e Various Data favor light Higgs boson

— LEP direct search M, > 114.4 GeV @ 95% C.L.
— EW global fitting

t H 1 —ILEPI2 and Tevat:on (prel.)
w w W - . 80.54 — LEP1 and SLD
bl 2ete eladoadote
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© 80.4-
=

LEPEWWG @ 95% C.L. =

my < 157 GeV 80.3 -

150 175 200
Tevatron is the place to explore this region m, [GeV]
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I35 SMHiggs Production and Decay ..

Higgs @ Dzero

branching ratio

140 160 180 200

100 120 140 160 180 200 0o 120
My {GEVIEE} Higgs boson mass (GeV)

e Highest cross section: gg—=>H
— H decays into bb at low mass region
— Due to high multi-jet BG, almost impossible

e W or Z associated production
— High pT lepton with H>bb decay.
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X3 Main Channels for Low Mass Higgs ..

Higgs @ Dzero

10‘4 — NNLO, one lepton flavour
— qq—> WH — Ivbb
— qq— ZH — libb

——qq— ZH — vvbb \

—gg —>|H—>WW —>|Iv|v | |
120 140 160 180 200
m, [GeV]

-
Q
o

ZH=>vv bb WH=2Iv bb ZH=2Il bb Other SM Higgs search for

low mass region
MET+bb l+MET+bb 2l(e/p)+bb T vy (K. Peters)

. -VH—> 1 + jets (P. Totaro)
Multi-Jet (MJ) Background: - Dzero combination

HIGH | —— oW (M. Mulhearn)
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De> DZero Detector S

Higgs @ Dzero

Tracker

 General purpose
detector

Solenoid Magnet

 Low mass higgs search
use all component.

— Muon Detector

— Calorimentry

e Electron ID

e MET

N = -In(tan6/2)

 Jet
— Vertexing, Tracking Silicon inner tracker + Scinti. fiber tracker
. EM and hadron Calorimeter (LAr-U)
e b-jetID

Muon detector: |n|< 2.0
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DES Data Set .

Eesssssssssssssss—— 11285 @ Dzero

w Run Il Integrated Luminosity 19 April 2002 - 11 July 2010

10.0 : N —
JuIy 11th 2010 9 fb 1 delivered,
$0T 8 fb! recorded.
a0 1 Data taking efficiency: > 90%, 93%(highest), L9-05
L1
70 == Delivered

o
o

== Recorded

- WH = Ivbb: 5.3 fb! (~ 2009 June)

Luminosity (/fb)
o
[

w0t ZH>llbb :6.2 fb™ (~ 2010 March) -*"’]
ol ZH>wbb:6.4 fb! (~ 2010 May)

o1 |

2.0 T

1.0 |
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Thank Tevatron Accelerator Group for great effort !!



Analysis Flow

, lepton

w § £ Iepton

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

2. Higgs candidate reconstruction
Dijet mass, b-jet tagging.

3. MultiVariate Analysis (MVA)

4. Result
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Low Mass
Higgs at Dzero
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De> W boson Reconstruction e

Higgs @ Dzero

(2] = 2
§4000‘_D® Prelimin_?ry We 2-jeE)ata
w [ L=53fb ] W+ijet
[ I Multi Jet
12000¢ B wbb/cT
R - t
- [ s-t
10000 - = %il?:son
C — \WH
3000_— 115 GeV (x10
Lepton: :
6000
electron/ muon .,
pT >15GeV a0
‘32000 -—D@ Preliminary W+ 2 jet %20 40 60 80 100 120 140 160 180
> B _ A « Data
w - L=53fb [ WHet Le pton pT ( GeV)
10000} B Multi Jet
- EJwbb/cT
i =§top 2 f W+ 2 jet
8000 [ Diboson §7000:—D® Prellmlr'!?ry « Data
i — WH 17} L=53fb O W+jet
&V (x 1 H F @l Multi Jet
HeGera M ISSI ng ET 6000~ EwbbrcT
> : =g-top
MET> 20 GeV =% EIDiboson
4000:,_ _Y1\’51_G|e\’tx10
30005—
zooof—
20 40 60 80 100 120 140 10005_
W Transverse Mass (GeV) .
%7620 30 40 50 60 70 80 90 100

Multi-Jet Background is estimated from Data. Missing ET (GeV)



Electron ¢
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/ boson Reconstruction o Viase

1 2 3
Electron

> 3500

Q

U 3000

9

% 2500

~~2000

= 1500

Q

>

& 1000
500

M

Higgs @ Dzero

ncrease signal acceptance

— Inclusion of isolated tracks
— Electron in GAP
— Lowering pt cut on lepton

DO Preliminary ‘
- L=4.2 fb! — Data
—Z+LF
Z+HF
Top
Diboson
B Multijet

I|IIII|IIII|II\I|II\I|IIII|IIII|1

80 90 100 110 120
Dilepton Mass [GeV]

ulti-Jet BG is estimated from Data.

70
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De> Z->vv reconstruction e

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

Leading Jet Pt
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

Higgs @ Dzero

85.6 GeV
62.3 GeV
106.7 GeV
128.9 GeV
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De> Z->vv reconstruction e

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

Leading Jet Pt
Second Jet Py
DiJetMass
Missing Er

‘H/

‘\ E
e Jets + large MET (>40 GeV)
Expect high multi-jet

Higgs @ Dzero

85.6 GeV
62.3 GeV
106.7 GeV
128.9 GeV

Background

H 1 3
- Slgnal sample m >_<I1I0II|IIII'|I.III|.I.I .I I_Ei‘lvlgollnltrl‘ollllslaln?P!ell(Prlel
. 1.2/ DO Preliminary (5.5 fb™)
e : -+ Data
- Control sample 2 1 mop
0 3_— B V+hivv
w

->Multi-Jet |E P

0.6

0.4

[ B

02—

N=2 L, subtract muon pl

: Q8 “2+5%""3 35 4 45 5 55 6

6.5
max A¢(Jets,Met) + min Aqx(Jets,hW

)

-
-_—




ED Multi-jet BG treatment in ZH>vvbb 0.

Higgs @ Dzero

Pt . : . x10° Analysis sample (pre btag)
Multi-jet BG: mis-measurement in MET. g &= L s ]
><10 _Analysis sample (pre btag) 3 16: _—+—Tata 3
2 C ‘ = N = . . fop =
5 35: Q?_E:ellmmarv (55fb ) _.-----> E ‘g’ 14— . .l -¥+:1;I.NV 3
P — . - +.f.
2 30¢ -ﬁ‘iﬁﬂw i ] o 12— i B Multijet
Q 25 | Valt. o - 100 [CJVHx 500 -
T} = [ Multijet - = e
20F- [JVHx 500 = | 8" .
= ., 1 - 6" ]
i s E = -
10F o E ::— .
= e, = o R
B - 20 40 60 80 100 120 140 160 180 200
. V)
Missing E (GeV)
Missing E; Significance : T
& Er I8 Signal Sample:
Multi-Jet Control Sample Train MVA against Multi-jet BG
x10° Multijet Control sample (two asymmetric btags) « 9 .. Analysis sample (pre b.t".’gl
o — E
S 35t | DO Prellmmang (5.5 fb- bE S 9 DO Prellmlnary (5.5 fb)—=
n = ata = o = —4-Data =
a3 ; Top E :;, 85_‘0 Top =
£ 25 WVhiNV ] 752 li. -&Ihi”W =
o Vald ] S 6E e
> of LS 6: s
i mile & > E,
P E 4t . -
3 E 3 |
0.5F - 2 -
O 150 200 250 300 1 g
Didet Invariant Mass (GeV) 0 |

Multljet DT
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Higgs Candidate Reconstruction Low Mass

Higgs @ Dzero

e Jet : Jet with R=0.5 R=v(¢*?) 2 F — e
S [ D@ Preliminary ] e
a B ; B80000F . |— -1 #
$6000-D@ Preliminary we 21810 t $ [ D@ Preliminary W2 et (#2000 - L=50fb CIW-jet
> [ L=53fb" » Data > [ _ » » Data _ @ Multi Jet
w - . W+t w [ L=53fb [ W+jet 0O ultr Je
14000F B Multi Jet 25000 @ Multi Jet B
L BEwbbicT L EwbbicE 10000 ] nWbE/CC
12000F 0 X 1y C @ s-to
EB‘.‘;F’ 20000 ES-‘OP - — s p
iboson - Diboson - iboson
10000} —_WH - — L
115 GeV (x10) B ml_t!‘,e\f (x10) 8000_ - WH
15000 i 115 GeV (x10
10000 6000__
50001 4000
%20 40 60 80 100120 140 160 180 200 %30 40 60 80 100 120 140 160 180 200 2000~
Leading Jet P, (GeV) 2nd Leading Jet P, (GeV) L

(b 50 100 150 200 250 300 350 400
Dijet Mass (GeV)



e ZH->Ilbb

Events/ 10 GeV

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

— No real missing ET

— Use full kinematics information

e Dijet Mass can be constrained

2

DT

DO Preliminary, 5.2 tb™

n I

1= p— g eea= ', 1]
L desapsad . e R Ao

20 40 60 80 100 120 140 160 180 200
Dijet Mass [GeV]
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Dijet system in ZH—2>1lbb ow Mas

Higgs @ Dzero

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



w WH=> uvbb candidate event

Run 227895 Evt 117967657 Wed Nov 22 16:59:06 2006
ET scale: 18 GeV

Muon:
Jet2: pT=43 GeV pT =53 GeV

_FL' MET = 35 GeV

Jetl: pT=68 GeV

Y. Enari 15

Low Mass
Higgs @ Dzero
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De> b-Jet Identification R

Higgs @ Dzero

Run 227895 Evt 117967657 Wed Nov 22 16:59:06 2006
ET scale: 18 GeV

S r;
Verlex Tagging ; F}‘“‘

(transverse plane) .

Neural Net b-tagger

(Sioned) Track -r"’/‘-.__ Combination of SV & dca

ign rac

Img[l:at:t Parameter (dca) f '\ Deca Loose: 70% eff, 4.5% fake
Hard Scatter Length (L) Tight : 50% eff, 0.3% fake



Events / 20 GeV

—h

Usage of b-jet ID

Define orthogonal samples

if Two Loose (2-btag)
- S/N ~ 1:50
else if 1 Tight (1-btag)
- S/N~1:300

Sample composition changes

- Optimize separately.

. Pre-tag 1-btag
x10 —r
0: pre-tag D@, 5.2 fb™ E 50055'"5"9 tag
g = A ' S
: h mviiwv| L
6 mbiuftjer | @300
I COVHG00 | € f
e B 9 200-
. w
2- 100

BG:

0 50 100 150 200 250 300
DiJet Mass (GeV)

0 50 100 150 200 250 300
DiJet Mass (GeV)

DQ, 5.2 fb’
+ Data
To
| V+ﬁif.N\f
m mlllijet
[JVHx100

, W+bb/cc

Y. Enari

Low Mass
Higgs @ Dzero

2-btag
S 140.double tag D, 5.2 fb"
C +Data
R -
<100- At
. Vilf.
% 80" ++ CIVHx 10
S 60F
“
20;

0

50 100 150 200 250 300
DiJet Mass (GeV)

W+bb/cc, tthar
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DES MultiVariate Technique .

e All three analysis using
Decision tree based
technique.

e The most sensitive input
is dijet mass. And other

sensitive variables are .
— Spin correlatio

— Neutrino direction

- Sensitivity gain: 15-20 %
compared to dijet mass.

* Training:
— 1-btag, 2-btag separately.

— Use part of MC sample for
train.

—

Events

220

200

180
160
140
120
100

¥ LAV e
_ - L. kT
A § Do Prellmln:anr W+ 2jetit E:?E'EI
i@ 250 L=53fb [ W=jet
F P F ] -
,<27.6 B
Fall Pass
I =

Higgs @ Dzero

Il Multi Jet
BT
[

I:1‘1 -0.6 -0.6-0.4-0.2 -0 0.2 0.4 06 0. 1
cos|E)

f—D@ Preliminary

W + 2 jet / 2 b-tag
L = 5.3 fb" i

= 5. [JW+jet
B Multi Jet
EJwbb/cE

1t

Bl s-top
[ Diboson

115 GeV (x10,

1 2 3 4 5 6 7
AR of di-jet and v_2

In total, ~ 20 input variables.



* |n case of WH—=>Ivbb (%)

Source | Wev Wpv

Luminosity

BG X section
Lepton ID/Trigger
Jet ID

Jet Energy Scale
b-Jet ID
Multi-Jet BG

PDF, MC Model

6.1
6-20
2-3
1-2
2-5
9-11
1.0
2-3

6.1
6-20
3-5
1-2
2-5
9-11
1.0
2-3

Systematic Uncertainty

e
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Low Mass
Higgs at Dzero

Flat Systematics

W-+hf: 20% )
Diboson : 6%
ttbar : 10%

Single top: 12%

Shape
Systematics



Events
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WH - Ivbb Result o Vi

Higgs @ Dzero

= - ‘% " D& Prelimi W + 2 jet / 2 b-tag
200D Preliminary W *2jet/2b-tag $ T Losam e
180, L =5.3fb" [JW+jet * o
C I Multi Jet 0E —1— B e top
160 i E‘{?fbﬁfcﬁ "3 El%aos?n
140 [ s-top
[ Diboson |
120 w— \/\/H + i:
115 GeV (x10
100 10 :i
5 =
07 075 08 085 09 095 A
DT RF discriminant for mH=1 15 GeV
ey 30 B : : : : : :
a o 3 P i ? E
L 4 1 [ D@Preliminary, L=5316"
% 010203040506070809 1 &2 WH(H>bb)Combination i f
DT RF discriminant for mH=1 15 GeV i& - K
% 20:_ ........... ................ ...... — — e S o ,..'t‘. .................
J'Ldt =53 fhl g [ = Observed Limit
: © 153 wwee Expected Limit :
M,=115 GeV 0 S A R B O N
= F
Exp./SM - 4.8 10__ .................................................................................................... U ARSI ARSI S SO SO
Obs‘/SM = 4‘1 55_ SUUUOONNE SUSPRRORUROTY S * e SASROIPRNE SRS SRR SO TS R
@ 95% C.L. I

100 105 110 115 120 125 130 135 140 145 150
m,, (GeV/c?)



Events / 0.05

ZH=>lbb Result
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Low Mass
Higgs @ Dzero

- ST DO Preliminary, 5.2 fb™ - DT D@ Preliminary, 5.2 fb™'
100 I —— Data 50
5 — Z+LF =
80T Z+HF aoff| |
| Top | |
60[ Diboson SO:J | i'-%-
403_ :Multuet 200 | .
- - - RS P
200 R e, 108 L e o
e PP L L S EE L L . - e | ..|....|,,-,"‘,-1,',,', ;‘
001 02 03 04 05 06 07 08 099 % 01 02 03 04 05 06 07 08 09 1
e T T T TRE output RF Output
% | DO Preliminary, 6.2 fis'
= [ ZH-Ilbb
E
=
f 1 o 10
Ldt=6.2fb © :
o N oaw"
M,=115 GeV C
Exp./SM = 5.7 i — Observed
------- Expected
Obs./SM = 8.0 1 P
@ 95% C.L. -
IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
100 105 110 115 120 125 130 135 140 145 150

M, (GeV)



_Analysis sample (two asymmelrlc btags)

‘MJDT>00 DO Prellmlnar (55fb)
ata

L
+ S
iy i

-

N

o
[TTT [Ty
|

Events/0.12
)
o

I][II]II]II[

-08 -06 -04-02 0 02 04 06 08

1
Final Discriminant

Limit / 6(pp—(W/Z)H)xBR(H—bb)

[rdt = 6.4 fbt
M, =115 GeV
Exp./SM = 4.2
Obs./SM =3.4
@ 95% C.L.

" Null Fit Ryn

Events /0.12
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ZH=>vvbb Result Lo M

Higgs @ Dzero

Analyms sample (two asymmetric btags)

I[[l[l i[[][[l][l'll[[l[[l'l[l'li

b 2 btag DO Prellmlnarly (5.5 fb

ata- Bkgd

B VH <« 5.3
+/- &

!ll]lll]ll]ll]lll]ll]!

L llllll
-04-02 0 02 04 06 038

IR T

Final Discriminant

::- I.-I - E.;ﬂpeg.tf;d
- Eﬁpected '**]fj i

rd Model = 1.0

DO Prehmlm'a .

TR R AR

T W W W S A T W

110 115 120 125 130 135 140 145 150

my (GeV)
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Summa ry Low Mass

Higgs @ Dzero

e We release updated result on three main low mass
Higgs searches.

WH=-2>Ivbb 5. ’.’»fb1 4.0
ZH=>1lbb 6.2 fb?! 8.0
ZH>vvbb 6.4 fbl 3.4

Prellmlnary, at M;=115 GeV, 95 % C.L.
* Combination result:

— The Dzero combination: M. Mulhearn, tomorrow
— The TeV combination: B. Kilminster, on Monday (plenary talk)

e More data, more improvements
— 8 fb! already recorded, 10 fb! is expected in the future.
— Various progress b-ID and MVA are coming!
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BACK UP Low Mass

Higgs @ Dzero
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I35 Improvementsin the near Future

* New bID tagger
— Re-optimization

* New Lepton ID o s | ]
~ Re-optimization S =l
— Loosing operating point = Y =

* Re-optimizing
MultiVariate = f [ e ochicos
Technique. RN N

0 0.2 0.4 0.6 0.8 1 1.2 1.4

— Against QCD (|Ike fake-rate (%)
ZH->vvbb)

— How to train MVA, new  Each points are expected to bring
algorithm. additional 5-10% gain in sensitivity.

—  [Tagger | ; | |
65— —— NN Moriond 08 |- — — Ho— —
L NN Summer 09 : ‘ : :

b-Jet Efficiency (%)




Cross section (barns)

Y. Enari 26

Background and Signal Low Mass

Higgs @ Dzero

e Cross section at Vs = 1.96 TeV

Total inelastic
-mb
W
)
W
-Nb ¥ 4

tt

ﬂ’\
Higgs (ZH + WH)
-fb

Events
with 1 fb-'

1.4 x10™

6 x 106

6 x10°

14,000
5,000

~1007?

100 120 140 160 180 200

Higgs mass (GeV)/c2

N

90UdJ34}Ip J9PJO0 6

<

Background Estimation

from data
W+let
/+Jets ~ ALPGEN/Pythia
ttbar,
Pythia
COMPHEP
Signal Estimation

WH/ZH  Pythia



	SM low mass Higgs searches at D0
	Introduction
	SM Higgs Production and Decay
	Main Channels for Low Mass Higgs
	DZero Detector
	Data Set
	Analysis Flow 
	W boson Reconstruction
	Z boson Reconstruction
	Zvv reconstruction
	Zvv reconstruction
	Multi-jet BG treatment in ZHvvbb
	Higgs Candidate Reconstruction
	Dijet system in ZHllbb
	 WH mvbb candidate event
	 b-Jet Identification
	 Usage of b-jet ID
	MultiVariate Technique
	Systematic Uncertainty
	WH  lvbb Result
	ZHllbb Result
	ZHvvbb Result
	Summary
	BACK UP
	Improvements in the near Future
	Background and Signal

