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ET scale: 18 Ge\.r'

Standard Model Higgs searches

* Low mass
e High mass

e Improvements o
* Prospects
MSSM Higgs searches
Other Higgs searches wt
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Massive W,Z gauge bosons < Neurio
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Scalar Higgs field, non-zero VEV I 1 11l

e W,Z get masses through “Higgs mechanism” The Genarations of Matiar
* Fermions can get Yukawa masses:

1 B
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Higgs boson: excitation of the Higgs field
 Scalar boson

 Couplings specified
« Unknown mass: m,
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via radiative corrections:
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Running (again) since ~2003

p-pbar, sqrt(s)=1.96 TeV

Record luminosity: 2.9e32 cm=st!
Expect 6 fb! by '09 (maybe 8fb? by '10)
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CDF and D@ experiments in Runll

» Both detectors are highly upgraded in Runl|
» New silicon micro-vertex tracker
: Forward Mini-drift
» New tracking system chambers

ATt T
R

» Upgraded muon chambers » * Ny . ,..,

Shielding | |
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New Solenoid, Tracking System | | , . . , | , | , . . . |

':: s’ —.--h':- g i f e = 51, SciFi, Preshowers e o "
. “' . L ' + New Electronics, Trig, DAQ

svalaist | e » D@: new solenoid, new pre-
w—r Muon nhgﬁib;mscintillaMrs showers, L& for SMT in Runllb,

» CDF: new Plug Calorimeters, new TOF new L1Cal trigger
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Tevatron Run Il, pp at ‘J_ 1.96 TeV
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Higgs has small cross-section
at the Tevatron
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* Couples weakly to Ilqht
quarks in the proton
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Large backgrounds from gy o=
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SM Higgs production
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SM Higgs production
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SM Higgs production
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Coupling « fermion mass 140 GeV
| — ! f——— NG ' ' i
Wby E WW o —
5] i -
OD -
=T A N
T |
>
N
. . S
Main channels: S
| v |
WW* (high mass) ae
bb, Tt (low mass)
50 100 00 s00 1000
Higgs Mass  (GeV)
Need good b-jet tagging!
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H—Dbb, tt H—->WWH*

(low mass) (high mass)

Gi) by oW
ee/en/uu+MET

W/ /Z+H—-W/Z+-WW*—
Il 1 / 1'1%jj + MET

/ZH—7Zbb—
ee/uu+bb
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H—bb, 11 H—->WWH*
(low mass) (high mass)
H-WW*—
ee/en/uu+MET
W/Z+H—-W/Z+-WW*—

1 I* / I'1%j + MET
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B hadrons are “long”-lived

* Reconstruct charged
particles tracks

 Reconstruct “vertices”
where tracks overlap

|ldentify jets with:

* large impact parameter
significance tracks

* large decay length
significance vertices

-
-

A A ~3mm~»
(Signed) Track @

]
J

Impact Parameter (dca) - 7 \ Decay

Fun 21006033 Evt 3 24-Dec-2005

Scatter Lengh (L)

ET scalet 29 GeY

T

- ME

\ /. Silicon Tracker
tighxresolution)

p+

¥ | Simulated
ZH—pubb
event
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Many varlables with
separation power:

e Secondary vertex:

Decay-length significance \__ -7 :
# tracks on vertex PSRN - LN
# vertices -=7 o F~3mmy
Mass (Signed) Track @
chi¢/dof Impact Parameter (dca) < /" \ Decay

e Jet: |
Jet: Scatter 7 Lengh (L)

# high IP sig. tracks
combined light-jet probability

of —Directbb] ar —Directbb| e — Direct bb
E . C 200F=
1602_ Vertex DL ach 120;— ~QCD 1auz_ —QCD
140 fond - 160
s significance e # vertex tracks 10 # high IP tracks
. a0 120
100F- - :
C r 100
2l BEI;_ YY)
4k sui—
C s0f-
2 20
I T e S u."r.:laaltﬁa 7 E
1 ? ’ ¢ ? f S.Iil"-IITL NTrau:: CSIF 25
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Train NN on simulated events

 Optimized inputs, training method,
network topology

‘NN b-] et tagglng JLIP

Test NN eff. and fake rate using data

T

—QCD bb S T o T
0af ~QCD udsg =44 Cut-based
0.35) - oY Db-jet tagging .
0-3;_ ? ? ? ? i : i i
025 i s et pe e st
0.2 i | p. > 15and Alln | E
0-153_ _IIIIEEIIII:EI|II:E||Ili|||Ii|\IIiIIIIiIIIIiIIIIiII

- 0 05 1 15 2 25 3 35 4 45
0.1 Fake Rate (%)

0.05[
N = ——-r/J o Equivalent to 2.5x as much data

02 0 02 04 06 08 1 1.2 :
NN Output for a double-b-tag analysis!

~I
O

_alggrlthm ,,,,,,,,,,,,,, ,,,,,,,,,,,,,,, ,,,,,,,,,,,,,,, ,,,,,,,,,,,,,,, ,,,,,,,

b-Jet Efficiency (%)

(o2
o
LIL I T 1
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seorpuP;:>20GeV
+ ME, > 20 GeV

* 2 jets, with 1 or 2 b-tagged
* Main backgrounds:
W+bb, QCD, ttbar

b
m F
o _1 T L=1.7fb" W + 2 jets/ 2 b-tags
CDF Run Il Preliminary (1.9 fb ) o 60— I
. CDF updates: u>.| | D@ Preliminary &I\I?Vaiajets
P = * Added 1 b-tagged ; ach
oL - Do "9 P ts with NN - -{,tv 5
é BD:— Eﬁic;;v:ﬁzo GeV) x 10 evenis wi . 40— ES\tlHer
2 i W Background error ﬂaVOI' Se pa ratIOn - 115 GeV (x10)
o * |Included forward i .
7l Dijet M electrons ' Dijet Mass
a0l et Mass 20 (2 b-tagged)
i (1 b-tagged)
20 .
B 1al (x10) Signal
ok bl " (x10) 50 100 150 200 250 300
0 50 100 150 200 250 300 350 400
Dijet mass plus Dijet Mass (GeV)
Dijete mass+: Inv. mass plus an extra loose jet (E >12,[n|<2.4) if within AR<0.9 of one of the tight jets
Andy Haas
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115 GeV (x10)

CDF Run |l Preliminary (1.9 qu) -g
'g —— Data g 300
4 E WAHF Ll
Rt [ Mistag
=] C__1 tt (6.7pb).Single top .
5 m Oiooccn Use NN trained on MC
E —— Higgs (120 GeV) = 10 . B
3 S92 Background efror to Separate S|g N a| fro m 200/

background:

100

1bjet
#r— | olgnal - 1

1bjet
Background - 0

e 0.2 0.4 0.6 0.8 1 1.2 1.4
01 02 03 04 05 06 07 08 09 1

NNop6Higgs120 NN output - 1 tag exclusive

2 50 CDF Run |l Preliminary (1.9 fb'1) -‘% " L=1.7fb" W + 2 jets / 2 b-tags

€ N e Data u>J . DG Preliminary IEI \[/)Vata'ets

WHHF : £ : +

3 — No significant excess in sl BQCh

: wof =S Lmismews - - - | =i

7T — s signal region for either Sveb

g ] — Higgs (120 GeV) x 10 ESVHer

== Background error
= 3o 9 CDF/D@ 115 GeV (x10)

P |
-

2bjet |~ Set limits for exclusion! |-

2bjet

= =W 0.2 0.4 0.6 0.8 1 1.2 1.4

0
0 0102 03 04 05 06 07 08 08 1
NNop6Higgs120 NN output - 2 tags
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* 95% Confidence Level Upper limit is set by binned likelihood method.
-> Showing a(limit)/a(SM) Ratio (i.e. If reached 1, it is excluded)

CDF Il Preliminary

2 I ' I ' I ] 705 : : : :
@ 103 F~ s WHIvbb for 1.94b I .................. .................. .................. ......... e Observed Limit ..................
=  f SR : .
. N C T xpected Limit
E [ I secocawmuns e
| :
—10°F Frpected WHIvbD 10 -_...Dﬂ..l?.rellmmary,..L....l.Z..tb .................. el
O F - WHo Iy bb e ar
& o
& .
S 10F
P e N NN N W
110 120 130 140 150 ?_, ..... S E— e —— e e —
. 5 R TR TR R TR T T 145
Higgs Mass (GeV/c”) m, (GeVic’)
+ CDF: (at M =115 GeV) + D@: (at M, ;=115 GeV)
a(limit)/a(SM) = 8.2/7.3 (obs./exp.) a(limit)/a(SM) = 11/9 (obs./exp.)
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CDF Il Preliminary j-Ldt =0.97-1.021b™

)
2]

Data - Single Tag
- Standard Model Backgrounds
—— ZH-lIbb X50(M,=120 GeV/ic))

Number of Evenis
[*]

-y
o

0.6 0.8 1

0
0 0.2
NN Projected Slice (Z+jets vs. ZH)

0.4

+ 2 high P; leptons from Z
-> Clean signature !

CDF: improve dijet
mass resolution with
ME. projection

+ Optimized by NN\

14

| *Summer 2007 results

CDF Il PrellmlnaryJ.Ldt =097-1.02 6"

—e— Data (Single Tag)

- Backgrounds w/ Alpgen
ZH— llbb X 50 (M, =120 GeWcz}

s ZH— llbb X 50 (before MPDF)

12

) " Dijet Mass
8'"F D@ Preliminary | 2
I —(Z)+j5[s
*2 105 B Z+bb(cc)
o f =it
a F Wz
S L =Zz 50 100 150 200 250
5| —ZH115 M (GeV/c’)
50.1 1.1/fb 95% CL Limit (relative to SM)
at M,=115 GeV:
i CDF: 16/16 (obs./expected)

1054-02 -0 0.2 04 06 08 1 1.2 1.4 1.6 1.8
Neural Network output

DJ: 18/20 (obs./expected)

COLUMBIA [JNIVERSITY

s [N THE CITY OF NEW YORE

Andy Haas
Saclay/Orsay Seminars — March 10-11, 2008

Slide 23



ZH->nunubb

#' « ME, >50 GeV, 2 b-jets Recovered WH - Ivbb
|

V + Data driven QCD estimate:
CDF: NN with track-based MET

DJ: Asymmetry between
ME. and SumE.

o
=1

* New D@ result: Boosted Decision Tree, 2.1/fb

Double Vertex Tag (Signal Region)

18

__ 4 - Ttbar ™ = T | LI | LI | LI | LI I LI I LI I LI I = ? C T 1 1 I LI B R | I T 1 1 71 I T T 1 7T I 1 1 1 _]
- CDF Run Il Preliminary (1.7 fb") Wehi. g [ D@ preliminary (2.1 fh"]_' S el D& preliminary (2.1 fb"]_—
16— B Z+hi S | — . - — e .
E Il Single Top ] W g C e ]
- B W2 E Eth.\:-jlﬁ: 1 e _ =ity ]
14— — s 5 [ et =4 Y s I =i —
- B Mistags = Webiziels  —— r \W+bicelz ]
12 B CCD w WejesiLey ] *E - Weletsil .
- . Bokgnd Err 4 E::;" 7 E 0 :.IT:T 3
10— _ \[‘;:: (115 GeV) !msa:-n-sﬁ:\-;- 185 ¢ !l-:mEms senl
8- 3T 1w -
- - re-ta - .
8 :— . - p g 20— ]
o : asymm. - ]
- 1 = 10— -
aC C 7
C | | -
ot — 015 02 025 0 200 250 300
50 100 150 200 250 300 : . . ; . .
Diet Mass (GeV ’,Cz) (E,-H )(E+H) DiJet Invariant Mass (GeV)
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Double Vertex Tag (Signal Region)

I Tibar
W+hf.

Il Zthi

I 5ingle Top

I WZww

Wz

I Mistags

I co

] 7/ Bekgnd Err

15 — VH'B (115 GeV)

— Data

25__ CDF Run Il Preliminary (1.7 fb'1)

20

T
Neural Network Output (my, = 113 GEWCE)

0.4 0.6

ZH->nunubb

/0.05

Events / 0.05

preliminary (0.9 fb) ]

— Data

I Top

0 Z+b/c-jets

I Z+jets(L.f.)
W+b/c-jets
Wajets(l.f.)
Diboson

B Multijet
—— VHx25 (115 GeV)

%

— Data

Il Top

0 Z+b/c-jets

I Z+jets(Lt.)
W+b/c-jets
W+jets(l.f.)
Diboson

B Vultijet

= VHx25 (115 GeV)

DT discriminant
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Met+Jets Search for ZH/WH

= C 3 40:
® [ CDF Run ll Preliminary (1.7 fb™) ‘T’
o B Observed Limit -':-, 35 ............................................................................................................................................
E - esesnn Expected Limit+ 1o %
f = 2<\ 30__ .................................................... . ........................................................................................
@ T :
2 | Tt
> -l
o 10F =
ST = f
o T £ 150
L 10:_ .............. .................. ;..‘..‘..‘.;...,,;E. ............. 5 A S OOOOON SOOI SO
I I A  — Observed L|m|t
5;_7 ....... .................. .................. .................. o Expected L|Vm|t
15 11|t|] 1|1|é| |1|2||‘:]| .1|2I.5. I‘Ilil’pll]l |1.:-|l.5| |1|‘I“|]| |1.‘I|.|5. I‘II|5|‘:]| .1. 55 0_—....I....I....f....f....’r....i....l....
M,, (GeV/?) 105 110 115 120 125 130 135 1;11: (Ge\};ls
+ CDF: (at M, =115 GeV) + DQ: (at M =115 GeV)
a(limit)/a(SM) = 8/8.3 (obs./exp.) a(limit)/a(SM) = 7.5/8.4 (obs./exp.)
Andy Haas
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>2jet CDF Rul Il Preliminary

—— Data{L=2.0fb™
jet - r: 85 Data

¢ H - TTis hard due to small BR (10% of bb)

in

=

&
¢ But not impossible! Ideas are: @ 80 (22 Add-On Wejets
1. Recover BR by looking at W/Z->2 jets: Sn e

W = IV(22%), Z - 11(6%), Z - w(20%) "
-W - jj (67%), Z - jj(70%) »
2. Add all possible channels: 2
- Simultaneous Search for WH+ZH+VBF+ggH "

Z- 11 +jets
==y Backgreund Error

AT TTTTTTTT IIIIIIIIIIIIIIIIIII

3. Many good kinematic variables to separate ?: T
signal from backgrounds(dijet mass, dn(j,j) etc.) s L |

Full rr Mass [GeV/ed]

T T
T+ Tt
Andy Haas
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¢ Use 1,1, mode.
- Lepton P; > 10 GeV

- Hadronic T P; > 15 GeV
¢ 3 Neural Nets are trained:

Signal vs Z-> 11 + jets
Signal vs ttbar
Signal vs QCD

¢ Select minimum of 3 NN scores

10*

102

5(95% Limit){c({SM)x BR{H->1))

CDF Run Il Preliminary (L = 2.0 fb'1)
— Observed Limit

Expected Limit

............ F’Ei‘!chal‘id
’ —— Standard Model (NLO)

| : | 1 | | | | | | 1 | | | | | | | | I | |
110 120 130 140 150
Higgs Mass [GeV/c?]

KS prob = 68.4% CDF Run Il Preliminary
W E
‘g’ - —=— Observed (L =2.0 fb™
> - Jet —» 1 (QCD+Wijets)
M
Top
Diboson/Z — |l

Z 11+ jets
Higgs(MH=1 20)x30

e RN N N

10

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

0 0.1 0.2 0.3 04 05 086 0.7 0.8 0.9 1
Min(NN(Sig_Z),NN(Sig_Top),NN(Sig_QCD))

+ CDF: (at M, ;=120 GeV)
a(limit)/a(SM) = 30/24 (obs./exp.)

* Established background estimate & modeling
* Further improvement by adding 0j/1jet events
* Becomes more interesting at LHC

s [N THE CITY OF NEW YORE
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H—bb, tt H—->WW*

(low mass) (high mass)

Gi) by oW
ee/en/uu+MET

W/ /Z+H—-W/Z+-WW*—
Il 1 / 1'1%j + MET

/ZH—7Zbb—
ee/uu+bb
Andy Haas
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Analysis overview

,
.

* To suppress hadron backgrounds we look
into final states where both W decay to B .
leptons, i.e. ee, uu and eu PO

L.

* Major backgrounds: Diboson (mainly WW), . 0
Drell-Yan, Multijets, tt, W+jets W L

 Signature: X

2 \
- Two energetic isolated leptons with

opposite charge | )

- Large missing transverse energy ST

W -

COLUMBIA [JNIVERSITY Andy Haas Slide 30
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n [l Z >
[Jaco
PZ—ee
WZ—u
BwW—ev
CWW — incl
| @AW —=ny
Lt |[]ti—incl

n BwW -ty

2]

5 1u*E

& D@ Run Il
Preliminary

Characteristics:

In sighal WW pair is coming from
spin 0 Higgs boson

Inl-l+|-ﬂ'| II|I|T|T| TTTT

» Leptons prefer to point in same | 5ignal EWZ - incl
5 . [[]£Z — incl
direction - Data
W+ — H160
(y—|=:>— > —|=',>—) :
: : : i Al
v W- S Ao, [rad]
: , i [ = data
- Di-lepton opening angle Ag, ~pressiection | -
discriminates against dominant WW g« D0 Run iia -
£ Preliminary W v
background. | - wzzz
10°= :-?s_nh;avn'
E = &V Higgs
Dilepton mass is small and broad
* Discriminates against Drell-Yan signal
10°5"20 40 60 80 100 120140 160 180
Invariant Mass (GeV)
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Selection criteria

my = 115 GeV

my = 160 GeV

myg = 200 GeV

CDOF Run 1l Preliminary j Ldt=241M"
0 400 Cut 0 Pre-selection lepton 1D, leptons with opposite charge
= 10 160 « data Dt and pf! > 20 GeV and pF? > 15 GeV
ﬂ}’ 350 o x My { ) Oww  @wy invariant mass Mee = 15 GeV
w ] DWI Dw +jets Cut 1 Missing Transverse Energy E . [GeV) = 20 = 20 = 20
3004 Ozz [Ooy Cut 2 f o= > 6 =7 =7
- Cut 3 Mp™ (L,E ) (GeV) > 35 ~ 50 = 50
Cut 4 Sum of ph + ph + E 5 (GeV) 80-120 90-160 120-200
2004 Cut 5 Invariant mass Mee (GeV') < 40 < 70 < 7h
156 Cut 6 Hr (GeV) < 50 < 80 < 80
sig naﬂlnr Cut 7 Adlerea) =25 =70 =20
¢ " —L=to2p!
£ 10t Fe~ DO RunII 4
0 ® Preliminary = |
ee eu uu etrk utrk 10° =
Lepton trigger selection 107 = %‘
Several categories of lepton(track) pairs with opposite charge divided 10 =
into two groups - high signal to background and low signal to ; 4 [
background ; [ ==
107 =
Lepton and missing E, cuts applied to reduce backgrounds: E | |
p,(I) > 20 GeV, p,(l,) > 10 GeV, & -sin(min(r/2,A0(E.,| or jet)) > 25 GeV, M [GeV]
N <2 (p;(jet) > 15 GeV, In| < 2.5), m,> 16 GeV, trilepton veto Signal (x10)
Andy H .
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. ME calculated from lepton 4-vectors and missing transverse energy is
used as an input to NN together with several kinematic distributions

CODF Run Il Prefimi Ldt=24 1"
COF Run Il Preliminary JLzzan' - un || Preliminary |
200 HWW ME M,, = 160 [GeVicT] hgn 5 @ 1401—10x m, (160)
o e '] «data [Dt
= S 120 Oww  @w
w2 2 Owz  DOwejets
& S 1ol @zz QOoy
oW >
* L

- ot 2 60
: ' — | 401
- 204
L L r \
. + 0
= = SR S & S . 5= = S —m e ===~ 0 0.5 1 15 2 25 3
D D1 P2 D3 D4 DI DE DT DE DB 1 Ad leptons

LRHWW

CDF Run |l Preliminary [L=2an’

- HWW ME+NN M, = 160 [Gelie] harsn
S01— .

L -y

- -

: WE
aoj £

= El'w"

=3 Dae
a0
20
10

n = i i R | -
1 0.8 -0 -04 -02 @0 02 04 06 04 1
NN Qutput
Andy Haas
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H->WW*-> 11 (l=e,mu)

— 1|—® Data (551)
L=1.2tb — Signal (M =160)

— Signal+Bkgd.
,££+pi_ D@ Run II — Total Bkgd.

Preliminary | —Zuetssad
—— Diboson Bkgd.

= WH+jets Bkgd.
~— QCD Bkgd.
— Top Bkgd.

Now also using H->WW vs. WW ME
calculation as input to NN 107

10

NN trained for each Higgs mass in
5 Gev steps, for each channel

[T IIIII;_I IIIIIII|

Full output used for setting limits M
107
pp NN Analysis Variables 2 L

Scaled E 7 ET 2 =
Invariant mass of the two muons Myy 10 L L |
Missing Erp Eq 04 02 -0 02 04 06 08 1 1.2 1.4
Sum of the pr’s of all 0.5 cone jets with pr> 6 GeV HM nnout
H — WW vas. WW ME discriminant
pr of the py system Prip + p2)
Smaller of the two muon-E . transverse masses My
pr of the leading pr muon i)
Azimuthal angle between the £ . and the second-leading pr muon Ag(uz E )
log,, of the sum of the muon scaled (track4-cal) isolations log, ;(scalediso jiq 4 pia)

Event scalar Eg SEr />
Azimnthal angle between the two rmons A, )

Worst of the two muon qualities (loose,medium, tight) mmin( y'}uﬂ, Ju%u&l) /
Azimuthal angle between the E . and the leading pr muon Ad(pr, E )

pr of the second-leading pr muon prijia)

COLUMBIA [JNIVERSITY Andy Haas
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g Observed Limit
% Expected Limit
E 1 [ Expected+1-o
E & Expected+2-¢
. 2
O T 10—
2 iy
i = R, S R
[#1] PR S S L .
E
- HW'W
D@ Preliminary, L=2.3 {b’
i Standaitd Model = 1.0
‘ — I...I - i. ..I - N I. ..I. I..I. 1.. I...l.. |.. .i .I.. T .i. .I ..I - ...I ..I e I. .I. .I...I .I.. I ..l . r. i .I ..I - i. 1 ..I I.. I. .i . I.. .I.. i...I - i. 1
11 1=u 13“ 14" 1 m 1 1?" 13“ 1 Bn =u 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
120 130 140 150 160 170 180 9 ]
Higgs Mass [GeVic'] T e ( 429, c'%

Observed Limit/o_, (NNLL) ~ 1.6 Observed Limit / SM ~ 2.1
Expected Limit/c,,, (NNLL) ~ 2.4 Expected Limit / SM ~ 2.4

COLUMB[A UNWERS[TY Andy Haas
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7, e, % A 23 9x more gg->H

e cup SH production!

h . m= Observed Limit
_______________________ 4™ generation _ ... Expected Limit

.....H production . I Expected+1-¢

\ Expected +2-

D@ excluding from 140-200 GeV

Sensitive up to ~260 GeV by 2010 T 10

imit / o(pp—H)x BR{(H—=W'W)

SWW =
5 Preliminary, L=2.3 {b'

AX
|)ﬁ

Standard Modé

(AISOWillbeS.enSit.iVetO [N N S Y [ ) Y S s S S S S S S ‘|
fermiophobic Higgs...) 120130 140 150 160 170 180 Aop, 20

COLUMB[A UNWERS[TY Andy Haas
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Basic selection requires two same charge g%t rpro
. S w B flips
leptons with p_ > 15 GeV 520 — o
s [ I wz
Two main types of backgrounds: G 50 Oz
- With two real same charge leptons mf
like WZ—IvlI :
i LK
0 50 100 150 200
- Instrumental - measured from data: m.. (GeV)
* “QCD” with misidentified lepton R
et " DG Run Il Prelimina
* “flip charge” when charge of the S ot i
lepton is mismeasured % o
. . . . 1E =
Main source of systematic uncertainty is £ OB e
. . ~2UX —¥— 0 0.4 6 =jobsanmd(-—)ax d
coming from instrumental background X g L —— 00130 (amenal s
(_“30%) E 10 E — Theary: {=ilemicphobici-— 150 Hiags
i=3 w
Limit: 0.9 pb at 95% CL for m =160 GeV 10" ~jo5~ 720 a5 760 780 200
M, (GeV)
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SM Higgs Combinations

CDF Il Preliminary  Njew things not in CDF

2 y "— wmhbbLi combination yet:
7 -2 /R Sapeced WD 1 WH -> Ivbb: +200pb,
= g oo Expeced ZHvioh ] 1tag improvement,
g ") weeer Expected ZHIbb _ forward electrons
S e ] ZH -> vvbb: data driven QCD
CDF for 1-1.9/h 1 H -> 11 2.0fb!
q Expected CDF £ Lo
S | ___ .
S = —--$M-Higgs Cdmbingtion == Obseved Limit
X ¥ Do ."-.e~|1m1na., L= te-2:3-fph— Expected Limit
N 10 = - = [ Expected+1-o
=) C E EJ':Fmtat:tlau:i:2-:5i
10
6.0¢ (9.60) ---------------
o Preew,] B o
.D€:(0.40
1= 120 140 160 180 200 v 2 de (22
. Standard Model =i1.0 AC (£.2£0
Higgs Mass (GeV/c®) !

{10 120 130 140 150 160 170 180 190 200
my, (GeV/c?)

COLUMBIA [JNIVERSITY Andy Haas
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Tevatron Run IT Preliminary, L.=0.9-1.9 '

2
evatron combi o 10 == o P S T L B
o Very Vel SR - ,.E_kT?}Pi_ffffffffifffffffffffffffifff === CDFExpected
= A
8 IS T S it DJ Expected
m E E E E ENEEE IO EYynoacioel ------------ .
Improvements underway: A Tevatron Expected
& 10 == Tevatron Observed _
* Di-jet mass resolution 5 =~ [/ - e -
« Lepton efficiency S T
* Further improvements V2 [l et sl Sl
in analysis technique : _________________________________________________________________________________________
« Better multivariate é
techniques = ] ‘SM 5
* Better b-tagging — ‘|||+||||
[10 120 130 140:,.:"1’50 160 170 180 190 ;00
my(GeV/c™)
Observed limit: 1.4x SM !
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Undertaking a maﬂ'or_ effort to improve
jet energy resolution

e Add “pre-shower” energy

Correct for jet “width”
Track-based corrections
(H1-style) cell energy weighting

°
calorimeter jet

Multiple jet-cone sizes  —------

* 0.5 less sensitive to noise,
pileup, overlap

* 0.7 captures more jet energy

* Jet-by-jet showering /
FSR correction T TTTTTTTTTT

parton jet

Andy Haas _
OLUMBIA |UNIVE .
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D|-Jet mass resolution (20%)

Lepton efficiency (10% /lepton) & POTummsivRki = g
Improved analyses (20%) E i
Matrix Element (20%) S S W VN O RS P
Better b-tagging S
* Semi-leptonic tagging (5%) %w SN
* Silicon Layer-0 (8%) ! 010
3 2009
% -
e e 4 fbl 2007
Should be sensitive to e
mH=160 Gev ~now 1'|—I‘| i I‘:'i' s e |'1 ik I : Il bl i .li 1 o s e

110 120 130 14!] 150 1ED 1?’0 1BIJ

Higgs Mass (GeV)

Sensitive to SM Higgs up to 200 GeV by 2010

COLUMBIA |JNIVERSITY Andy Haas
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The Higgs mass is unstable
— dm? ~ Y . P

* Large radiative corrections 11
(it's a scalar) 102 10-! 10

my

Forces Merge at High Energies
R

0.16 I

Hierarchy problem: - -
& . )

m, << Mg, E 0.10 =
I E
%
@ﬂ.ﬂﬁ
3

DUD: 1 1 1 | L L 1 | 1 L 1 | 1 1 1 | 1 L 1

10° 10* 108 1012 10'% 1020

. Andy Haas :
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New physics: Supersymmetry !

e Particles come in fermion-boson pairs

* Corrections to Higgs mass nearly cancel,
if boson and fermion masses are similar

.~ boson w~ fermion

1+ =0
22
gauge

~ boson  Zaugino

2 + =0
g
Andy Haas
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[N THE CITY OF NEW YORK Saclay/Orsay Seminars — March 10-1 1, 2008 Slide 43



Two Higgs doublet fields

H (H,) couple to up(down)-type fermions

u

tang = <H >/<H_ >

5 particles after EWSB
e h,H, A H, H
* h must be light, <~135 GeV

At large tanp, coupling of A, h/H to down-type
fermions (b, 1) is enhanced

 Cross-section proportional to tan?p
* Branching ratio: bb~90%, 1t~10%

COLUMBIA [JNIVERSITY Andy Haas
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NN, summed over all Types

Events

10?

Neutral MSSM Higgs — 7,

» Main backgrounds: Z—tt (irreducible), W+jets,

Z —ee,uu, multijet, di-boson
» DO (u channel only): Selection:

» only one isolated u separated from
the hadronic 1t with opposite sign
» set of NNs to discriminate t from jets

» cut on My (visible) < 20 GeV
removes most of the remaining W
boson backgr.

» Optimized NNs to separate signal
from background

D2 Preliminary, 1.0 fb’

Thad

» CDF (e, u. e+u channels): Selection:

-

1T channel

T

isolated e or u separated from the
hadronic t with opposite sign

variable-size cone algorithm for <
discrimination

jet background suppressed by requiring:

| o} |+ b |+| E; > 55 GeV

remove most of the W background by a
requirement on the relative directions of
the visible t decay products and £

1T + T T channels
e h w h

100
Di-Boson

i

10

10

CDF Preliminary, L=1,8fb".

1000 CDF Preliminary, L=1.8fb""

100 rn,.,-ill-'ﬂ Gy

s [N THE CITY OF NEW YORE

0.2 0.4 0.6 0.8 1 &0 100 160 200 250 300 L] &0 100 450 200 250 300
NN Output m, (GaVicd) my {GeVic?)
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DO Run I Preliminary

(c :
- 0.9 fb!
700F —
C — H. a
yA)—™ C bekg from data
(h/H,A)—bb swamped by QCD background
* Look for associated b production 5008 signal (m, =120, tan=60
e e B e bekg from data+signal
300F T
Require at least 3 b-tagged jets ": Events with >=3
- b-tagged jets
100F MA‘ %-@..
' . SO I Nw ot DUUTE PR .
Signal: % 50 100 150 200 250 300 350 400 450 500
* Invariant mass of leading jets is Inv. mass of leading jets (GeV)
k d t m CDF Run Il Preliminary (1.9/fb)
peaKked a A N W bbb
% 600 B bbx
B beb
g 500 W oo
Backgrounds (determined from data): 3 400
E
% 300
* Shape based on the double ”00
b-tagged data sample
. . . 100
 Corrected fdor kinematic bias
from the 3r b-tag UEIJ 100 150 200 250 300 350
m12(GeWc2)
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CDF Run Il Preliminary (1.9/fb)

@u.zzs -
« New result for Moriond QCD 08, o 02f : -
using 1.9 fb- ip 175 . oo
. . < 0.155— —_—
e Search in mass of two lead jets, m_, -3“-‘:?:'
. = n.urs?—
* Backgrounds are events with two 0.05 £
true b-tags, and a b/c/fake tag 0025
 Characteristic m,, spectra for each () VAR IR PR s < -
50 100 150 200 250 300 350
: m,, (GeV/c?)
* Start from bb+jet sample .
(corrected double-tags), weight — ey
events by flavor hypothesis S 03 W m, =90 GeVic
* Correct bbb and bcb shapes for S M m, =120 GeVic.
double/triple-tag selection bias g. : e
* Largest systematic error 'E 02 B m 210 GV
0.15
e Fit the observed m,, spectrum with ¥ o
the backgrounds and a Higgs shape 0.05
050 1IZIIZ|I - I15l2lI - I2lZIlZI 250 300 350
m,, (GeV/c?)
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344 pb? (update in progress!)

Best S/B of all three MSSM analyses, but lowest cross-section x BR

Select tt(—u) events, normalize to Z—7tt peak
Require >=1 b-tagged jet, with p.>15 GeV

Multijet (QCD) background measured using like-sign data

(for Mg = 120 GeV and tand = 80)

single-n-like © rho-like t 3-prong 1
signal Aceept. (%) 0.15 £ 0.03 0.&T =0.11 0.30 £ 0.04
Fxpected Signal 0.6 =0.1 3.5 =05 1.2 0.2
QCD 0.62 £ 0.22 051 =0.14 1.45 £0.18
L+jet 0.24 = 0.08 1.6 0.3 0.35 =0.10
3 {di-1) 0.18 == 0.03 0.50 = 0.11 0.007 = 0.0013
t {[+jet) 0 0.008 £ 0.008 0.15 £0.04
Wi 0.005 = 0.005 0.06 = 0.02 0.40 £ 0.14
Total Background 1.2 £0.2 26 0.3 2502
Observed 0 1 2
COLUMBIA [ JNIVERSITY Andy Haas Slide 48
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bH—bbb
w200 95% C.L. upper limits CDF Run Il Preliminary (1.9/tb)
i g 180
c i 160
H—1t 3 Tevatron Preliminary | 140
40 MSSM Higgs —tt. 120
95% CL Exclugion 100
D@ (10f") i
il .CDFU.BfD) 60 ---- expected limit
£ R Bl 1cband
- A 40 m,"** scenario, 1 = -200 GeV B 26 band
S0 120 10 160 180 200 220 240 o T L T Ceerved imit
m, (GeVic?) %0 10 10 1e0 180 200
m, (GeV/c?)
- E—— bH—brr
""""""""""""" =wecmien New D0 result soon!
40 B oot (o 208 g )
20
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Results from the first 1-2/fb of data =S
show very promising sensitivity 22
70
o« 60
By 2010... § 50
40
30
Exclude 20
e up to m,~300 GeV for high tanp 10

e down to tanf~30 for low m, 07900 120 140 160 180 200 220 240

m, (GeV/c?)

Or make a discovery!

New results on H" coming soon!

COLUMB[A UNWERS[TY Andy Haas
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Showing results 1 through 47 (of 47 total)
for ti:(Higgs AND Decay) and year 2008

4. arXiv:0801.4554 [ps, pdf, other]
Title: Nonstandard Higgs Boson Decays

5. arXiv:0801.3456 [ps, pdf, other]
Title: Higgs boson decays to four fermions through
an abelian hidden sector

13. arXiv:0711.3361 [ps, pdf, other]
Title: Higgs Boson Decays into Single Photon plus
Unparticle

18. arXiv:0710.5331 [ps, pdf, other]
Title: Higgs boson decays in the Complex MSSM

19. arXiv:0710.4923 [ps, pdf, other]
Title: Di-photon Higgs Decay in SUSY with CP
Violation

21. arXiv:0710.4591 [ps, pdf, other]
Title: Nonstandard Higgs Decays with Visible and
Missing Energy

24, arX1v:0710.0340 [ps, pdf, other]
Title: Di-photon Higgs decay in the MSSM with
explicit CP violation

31. arXiv:0708.1939 [ps, pdf, other]
Title: Effect of Charged Scalar Loops on Photonic
Decays of a Fermiophobic Higgs

34. arXiv:0708.0248 [ps, pdf, other]
Title: Higgs decays in supersymmetric models with
light neutralinos

36. arXiv:0707.3152 [ps, pdf, other]
Title: New Physics Effects in Higgs Decay to Tau
Leptons

37. arXiv:0707.1591 [ps, pdf, other]
Title: Invisibly decaying Higgs boson in the Littlest
Higgs model with T-parity

39. arXiv:0706.1732 [ps, pdf, other]

Title: GeV Seesaw, Accidentally Small Neutrino Masses,

and Higgs Decays to Neutrinos

(COLUMBIA [ JNIVERSITY
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No shortage of new models!

Cover some general signatures we
are sensitive to:

e Doubly charged Higgs
* Enhanced decays to photons

Others are harder, but on the way:
* Invisible Higgs

 CP-violating Higgs
* Higgs->aa->4rt

tau tau

COLUMBIA [JNIVERSITY Andy Haas
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N% DO Preliminary, 1.1 fb™ Eg%i:mev
Models with H++ 2 1ol .
. . 2 F Cww
* Left-right symmetric 2 | =t
models E g
e Higgs triplet i
* Little Higgs i |
102 i \’\,
Analysis Overview N \M
e 1.1 fb1? 10°5 50 1ooo 250 300 (5;5“&;)0
e 3 |J.'S with: DO Runll Preliminary, 1.1 fb"
P.>15 GeV g - -
om
|I”]|<2.0 >t%02 :$:eorygl|_q))
* >=1 pu pair with: Tﬁ?f}:iiy’é'émbs'
M>30 GeV/c?; Result:
Ap<2.5 rad H > 127 GeV
Results S H, > 150 GeV
* Background: 3.1+0.5 0 2 E
e Data: 3 events E E
S . R B NI B N R
80 100 120 140 160 180 200
M (GeV/c?)
COLUMBIA [JNIVERSITY Andy Haas
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Could be large H—yy BR: “fermiophobic”
* Top-color models

e LED theories

e MSSM: H- bb suppressed by 1-loop

corrections

Select 2 isolated photons, E.>25 GeV

QCD jet fakes estimated usin
shower-shape correlations

the
etween

the 2 photons (“matrix method”)

Events/5 GeV

10

D

150 200 250

.........

100

== signal(M=130GeV)

—

0, 2.27 15" preliminary

T |

300

M, (GeV)

1505 D@, 2.27 f6" preliminary
. . 140 — imi
Also contributes to SM Higgs search! e F . oo Expected Limit
|2 120 [ ]Expected Limit+ 1o
B 100k [ Expected Limit + 2 ¢
data _ 13827 EE sob-
2/~ — ee 740.9 £ 102.3 s
jet+jet 4778.6 == 1264.6 <0 405_
v+jet A4677.2 + 1245.8 & .
QCD ~~ 3400.5 £ 711.0 E
total background|13597.2 4+ 2548.5 P00 i20 f30 40 150
SM Higgs mass (GeV)
Andy Haas
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The Tevatron is closing in on the SM Higgs
e Sensitive at 160 GeV this summer

e Sensitive to SM Higgs up to 200 GeV by 2010

Also looking for Higgs in the MSSM and other plausible models
 Already exploring new parameter space

The LHC starts this year (?!)
e SM Higgs boson by ~2011?

Tx ljgggtron energy
- ~100x the luminosity

Andy Haas
——S E,;S},}Hﬂﬂi, lajpf IVERSTTY Saclay/Orsay Seminars — March 10-11, 2008



COLUMB[A UNWERS[TY Andy Haas

[N THE CITY OF NEW YORK Saclay/Orsay Seminars — March 10-1 1, 2008 Slide 56



EW varlables sensitive to m,, via radiative Leptonic & Hadronic
corrections: SEN T T Symmetric 90%
sF confidence inteny
mH : —
log — VT =
LEP Il: m_>114.4 GeV ™Mz : :
3 N~ [\ —
2 -
1 :
sinzefﬁt : most important observable for my,fit 5 L | /] | ]
010 20 50 100 200 500 1000 2000
_ m ,(GeV)
0l
A, —— 0.23099 + 0.00053
s 0.23159 + 0.00041 v
m, <97 GeV
Aﬂ) @ 0.23221 + 0.00029 (at 959% C|_)
Oc
Mo I R (leptonic only)
Andy Haas
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Clrcular et e collider

w30 -
= J3=200-210 GeV
Maximum E of 200-210 GeV Loose
'_:' . —+ LEP looze
. 2 1 background
B mmm L7 Signal
i (my=115 GeV)
1 I:I __ A= ﬁ'.l :;'.'IIH e
e 4t +
= 3= 200-210 GeV .
; 10 _ —~+ LEP medinm Medlum
- ] bkackground
B mmm LZ Signal
L .:m,,_u: CeV)
/ : Ir Jn:'k.ﬂ-'.l J-\. J-
A good, but not the = ’ ya =_;n'n-;"11'1 r:l,ﬂ' |
only variable... 2
: %[ + LEPtght
E ] bkackground
Look for et e -> Z+H(->bb) . ey
Slight excess around 115 GeV 2 | gl BT
Higgs mass > 114.4 GeV L * J( Jr | ,
L T R T R 80 100 120
Reconstructed Mass m,, [GeVic®)
Andy Haas
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¢ 111 the absence of signal, we set limits on Standard Model Higgs
boson production

¥ We calculate limits via the CLs prescription:

CL_,
C L — o
& C‘I‘ LJ}

¥ Using a an;—LIlcellImnd Ratio test statistic:

N -:1'_, [J.l E:-I b
Y bins 5:+b b Vg

O(3, b {n_HH - LLR=—2X LogQ

i=0 ;=0 ' d'

" " Observed events, or expected
d refers to “data fnr madel being tested : Backaround on Signal+Backereand

¢ Distributions of simulated outcomes are populated via Poisson trial
with mean values given by B-only or S+B hypotheses

X Systematics are folded in via Gaussian marginalization

¥ Correlations held amongst signals and backgrounds

COLUMBIA [JNIVERSITY Andy Haas
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Luminosity, 6.1% JES/JetlD Systematic

o = Nominal Bkgd
Lepton ID, 2% — Fitted Bhgd

*Affects shape of NN output
as well as normalization

Background cross- [ — +10 Bhkgd
sections, 5-30% 15— Ea:l — -6 Bkgd
QCD estimation, 20% i ZH-5 uyu bb, 1Tag

Jet-energy scale* o =
b-tagging* [ f‘:l_
> 5:— = I
£ i

N NS I I b SO R PR

NN output / arbitrary units

COLUMBIA [JNIVERSITY Andy Haas
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Calculate “cross-section” for an 10°F
observed event to be from Z+bb or | 7H
Use MC integration methods 10°F
Include as inputs to NN :
1 — !
) . o L . AR R RTIN NN RS B
pim) = f dx fo - Y fafp |Map(k(m.x) )* - T (k(m,x),m) 0 02 04 06 08 1

a b
= m. detector measurement of event.
= X. integration parameters q
= k(x,m): parton solution given m and x.

- fo: phase-space factors.

e fafp: PDFs from MCFM.
= Mgap: matrix element from MCFM. q

= T transfer functions

MET = yl1+y2+j1+j2+6(MET)

ME discriminant

b

g /‘)4 J
ATLLL b
. 1

i no

Andy Haas
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IP resolution

& data
- M
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Layer O of Silicon Tracker

Silicon detectors mounted just
outside the beampipe

Installed fall '06

Better track impact-parameter
resolution .
-> Better b-jet tagging

Ajﬁﬂ_
EE E A P73 EMT Eupar layar
5@“’;_ A R0 -3 EMT EuparLayer + 0 LD
g 2501 A F20-2ENT SuparLager + 110 Layer 0 being inserted into the silicon tracker
OE zw;* A PO - 2 EMIT Bupar Layer ar LO
% 150: F Y
g 2 A - Effect of Layer 0
100 .
B o ( in recent data
e L LY
' pT (GeV)/|
Andy Haas :
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System 8 method:

mn

b

o SLT

SLT

p
NN
Tt
NN
P
SLT NN

SLT NN

ny + Nayd sge

b +_pudsg-:'

_SLT _SLT
= h ny + :udsgc”'“di‘“gf

_SLT _SLT
h Pbt :udsgcpu'isgf

. ‘!'|"|' ‘!""u' . ‘!'|"|' ‘!ﬂ'.u'

Spo bt s udsgcﬂ“dsﬁ'f

o NN NN

Aep " py + as udsgePudsge

. 2SET NN . ~SLT NN
KpEE £y My + hudsgccu-:i.-_agczudsgc”'“df“gf

@S LT NN . ST NN
hb.'j:t. Ep  Pb + RudsgeQts udsge® udsgePudsge

e Correlation coefficients, measured in MC:

a - Ratio of the udse-tagging efficiencies in the two samples.

3 - Ratio of the b-tagging efficiencies in the two samples.

ky - Correlations between the NN tagger and the SLT tagger on b-jets,

Kudse - Correlations between the NN tageer and the SLT tageer on udse-jets.

PrRrel - Ratio of the SLT tageing efficiencies on ¢ and wuds-jets.

(COLUMBIA [ JNIVERSITY
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20% of Z's with
one muon |etal>2

G- AL T A T TR N Y 300

MORTH WK IS

{Jgﬁh

"'.:l

Tk

"ot '.nr_'.u‘r
AlFanE Ui

|

h
PR L
l.":'.:l = R
rii

\

}I 150
|

H—>/J/Jbb
m, =115 GeV

»

100
-"'T | | |
N ! T4 0 1 2 3 4 B
Muon eta
s _
S HERE 7/ Use tracker:
good acceptance to |eta|~3.5

W li 1

St -n .
/ 218 *'i r l "_ "
|.I_I|a.
— kT Q’.‘ ,"_—"" P
s .o
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+ Tau = narrow isolated jet with low track and =° multiplicity

« Taus decay inside detector: f-\l)
— BR(t—e/u+w) ~17% EM
— BR(t—hadrons+v) ~65% TracV /

(Typel) (2) (3) (QCD—Jet)

+ D@ uses one Neural Network per tau type to discriminate taus from jets

tau type 1: isoiation = Simumnl [ o type 1: NN output | [ 7 simutaticn
@0 Tau Monte Carlo

1 BGND (from data)

E .

— Qch = Cn

Tau Monte Carlo
BGND (from data)

-E. IIEIIIIIEE!!!E!!!E!!!E!!!E!!!E!!.‘g

’

o IR} Lz a3 04 a5 26 or o8

=2

'.1 a2 0.3 o a5 [ 1] aT nE [ K] 1

o4
iecdatian HN output
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* Associated 2
Fermiophobic Higgs »
pp—VV —hy—yw+x T %

pp— hyW=(Z) = yy+X ™

* Analysis overview
e 1.1 fb1; DZero Run Il Preliminary, 1.1 fb”

P E— BR*s, LO
’ : 0.7 - RR*
e 2vy's with: E;>25 GeV, b IR
|r] | <1l.1, MW> 65 GeV 706 —— BR*GQ:;’:E/":?L expected
. % —— BR*c®® *C- observed
* Two regions o Y] R SO N
e Signal: g;>35 GeV ©
. Control: qT<35 GeV 04 ...............................................................................................................................................
°® BaCkg rou nds W’ VJ ) JJ (1| e S PSS AL e
0.2 ................................................................................................................................................
° LE P: m y > 1 09 . 7 GeV 0.1 e D T R ST g i ...........
R e
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Fermiophobic Higgs — 37 + X

» In various extensions of the SM (also [ Observed 3/.X Events and Expected SW Background | . 7y:p.026:0.002
MSSM) the coupling of h might be £ [ . D@ Run2a Preliminary, 0.83 5" E’ Eg’?}iﬂng
suppressed to Fermions & F .y ° Duas

» Search for the channel: g E o : I

pp>h H* > h h W= > yyy(y)+X "}

o ORI, WP S S = 3 R P

» Good photon identification is crucial = e T L4

p Cuts: 3y within |n|<1.1 v e
E-12a530, 20 15.GeV 10 0205 sh"'nh"a.'x."aﬁ“dd'aéa”ﬁé

m, , GeV/

» Backgrounds: Jets or electrons DG Run 28 Preliminary, 0 a;m,

misidentified as y and direct 3y prod. s | : M;
—— Tan|i=

» Background is estimated from data with ™ ;2 e

efficiencies =7, P(j—v), P(e—v) = | I )
N, (MC) x | &
3yprod.: N =" "" N _(Data)* i 10 | %
i p JM‘__{EH-C:I' ( :I' p E i [ 3 | .1‘-._\‘ .
2 ; - 15 GV e T
» Cutonp) >25GeV gives 1.1 events in 5 =200 G -
T . = -
background and O in data - . .. T
S L 0/ i 24 30 40 50 60 70 80 9
» Upperlimit: o =25.3 fD (95%CL) myy [GeV]
Andy Haas :
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Ref.) CDF SECVTX btag

Tagging efficienc

SecWix Tag Efficiency for Top b—Jets Secvix Tag Efficiency for Tep b—Jets

L 0.7 L 0.6
c : Tight SecVtx = ; Tight Secvitx
-z 0.8 3 Laose Secvtx 2 0.5F Loose Seciix
T oo F T oaf
?OA 4?:3.3 3
Lo3 o f
ook 0.2
' Toep MC scaled to match data o _ Top MU scaled ta match data
O.1TF Cnly b—jets with Inl<1 " b Only b—jets with E;>15 GeV
D:I...I...|...|...|...|...|...|... oo be by b by b b e e TN
20 40 G gl 100 120 140 160 180 o 0.2 04 068 08 1 1.2 1.4 1.6 1.8 Z
jet E; (Gev). | ¢ jetm
1 IS1a |
L 0.03 Secvix Mistag Rates mgO‘D@ : secVix Mistag Rates
o Tight Secvix o F Tight Secvitx
D025 F Loose Seciix o209 F Loase Seciix
[ [
L0072 F B0.04
£ &
0.015 F .03
001 E 0.0z f
EI.EIO5:— . . C
E Only jets with E.>50 GeV OONT Only jets with k<1
oo b bw bena b bun bean baua by ) == et RPN I I N EUPII B B
0 02 04 06 0.8 1 12 14 1.6 1.8 2 20 a0 B0 B0 100 120 140 180 180

et jet E; (GeV)



N of Events

N of Events

35

a0

25

0

15

More Plots : H - tt Channel

Djet CDF Run |l Preliminary

—— Data(L=2.0fb")
jet - t: 85 Data
Add-On Wtjets

L eefup +jets
Top/Diboson
Lotr+jets
=3 Background Error

'| 140 180 |
Lep+Tau+Met Mass [GeV/c’]

=2jet CDF Run Il Preliminary

—— Data(L=2.0b")
jet —t: 55 Data
Add-On Wtjets
Z—eelnp +jets
Top/Dibeson
L+ jets
FzE Background Error

TUU0 10 180 180
Lep+Tau+Met Mass [GeV/c’]

N of Events

N of Events

g

40

20

1jet CODF Run Il Preliminary

—— Data{L=2.0fb")
jet - t: 85 Data
Add-On Wtjets

L eefuy +jets
Top/Diboson
Lt +jets
FF=3 Background Error

0 180
Lep+Tau+Met Mass [GeV/c’]

All Jet Inclusive COF Run Il Preliminary

—— Data(L=2.0fb"
jet —1: 55 Data
Add-On Wtjets
Z-eelnp +jets
Top/Dibeson
Lo+ jets
Fz Background Error

B T
Lep+Tau+Met Mass [GeV/c’]

= 2jet bin
.45
c Shape Comparison
= 0.4 — VH {120}
gn_n — VBF (120)
1 — ggH {120}
HNoa seee jetsr
a J.I.I.I
= '25;_ e senn Z 311 + jets
Z 02
0.5 - I
0L
0.05F
n:l|||||||||||||||||||||||I|||| 'Y
0 05 1 15 2 25 3 35 4 45 5
Anfj1-j2)
= 2jet bin
=045¢
E F e Shape Comparison
= 04 — VH (120)
E"-“ 3 — VBF (120)
a F — ggH {120}
gﬂ.ﬂ-:— EmEm jEt—}[
8
Eﬂz.'ié— -, seee I 1T+ jois
Z 02 nLa
0158 E_:' Lk L31
o 1
01 _'
n.usi—h
n & 11 I 111 1 I L1 11 _—

LI 50 100 150

200 250 kL0 a50
Dijet Mass [GeV/ic?]

March 2" 2008 :: Low Mass Higgs Search :: Kohei Yorita (U. of Chicago)



More Plots : H - tt Channel

iep Thad* = 2€1 CDF Run Il Preliminary Tip Thad* = 21 CDF Run Il Preliminary e Thad* = 2E1 CDF Run Il Preliminary
0 n EOF w F
£ W SM Higgs: WH+ZH+VBF+ggH I SM Higgs: WHHZH+VBF+ggH s SM Higgs: WH+ZH+VBF+ggH
g a0 —=— Data (L=2.0f" E 5ol —=— Data (L= 2.0 fb") ﬁ sof- —=— Data (L = 2.0 fb")
W Total Background o - Total Background o i Total Background
; &0 ZsrrHets ; aof- Zsrrejets ; anf ] Z-serhjets
SM Higgs{120) « 100 - SM Higgs{120} « 100 N SM Higgs{120} « 100
50 C 3']__
a0f -
40 - ¥
a0 20f 20f
20 -
10 10
10 -
= & Fpin = J o L Er g il T
0 100 120 180 160 180 200 [ 120 140 160 180 200 020 40 B0 8D 100 120 140 180 180 200
Lep+Tau Mass [GeV/c?] Lep+Tau+Met Mass [GeV/c’] Full t= Mass [GeV/c?]

Used for NN(vsZrtivsQCDivsTop) Used for NN{vsZrtivsQCDivsTop)

> 3 Neural Nets Distributions:

KS prob = 65.2% CDF Run Il Preliminary CDF Run Il Preliminary KS prob =6.1% CDF Run Il Preliminary
) 0
‘g’ —=— QObserved (L=2.0fb™) —=— QObserved (L = 2.0 fb) ‘5104 —=— Observed (L=2.0 fb")
B Jet — 1 (QCD+Wijets) Jet — 1 (QCD+Wijets) i | Jet - 1 (QCD+Wijets)
10 Top Top e Top
Diboson/Z — Il Diboson/Z — Il | Diboson/Z — Il
, Z 1+ jets Zr+jets | Zr+jets
10 — Higgs(M =120)30 — Higgs(M =120)<30 102 — Higgs(M =120)30
10
10
1
1 [
0 01 02 03 04 05 06 07 08 09 1 0 01 02 03 04 05 06 07 08 09 1 0 01 02 03 04 05 06 07 08 09 1

NN Score : MixedSig vs Z— 1T NN Score : MixedSig vs Top NN Score : MixedSig vs QCD



CDF Run |l Preliminary (1.9/fb)

e Improve prediction of total

background m,, using tag proop B oo
properties S 800 M beb
. . c W bab
e Invariant mass of tracks in @
each vertex m, g "
) _
« m,+m, : bbb+bbx / bcb+bgb 400 p
e« m;: bbx / bbb+bcb+bgb 200
 Unstack into 1D variable “x, 0
. P 0 1 2 3 4 5 6 7 8 9
for plotting/fitting Xuge (GEV/C?)
o Fits are 2D - m,, vs X,
CDF Run Il Preliminary
e Four backgrounds 'E 025 light
. . O C charm
« Higgs signal template O ozf bottorm
o 6 E' 0.15 —
T 8 o1f
E =
— 005 F | —
A==
0 3 0 9 % o5 1 15 2 25 3 35 a4

Xiags Mg (GeV/c?)
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CDF Run Il Praliminary [L =2A4f . . . : S
' - ‘ ' ' | | | m== QObserved Limit

nﬂ I I
e H
i

o
f=
I | [

] i . , e Expected Limit
) D;a Prahmlnary, Run la+lb, L=1.766'

-y
L=

[
o
II|IIIIl..‘I'III|IIII|I

H—:rWW—?eeep,uu

Limit / o(pp—H)x BR(H—W W)
L]
o

95% C.L./og,,
3

([ R

: : : - Standard quel = 1 0
S R - ..I..I. .I. .I...I I I .l r 1..| I.. I. .i .|...I.. i...l. i. |
U—FT11fr'r1rfT11rf11rr+11Trf1rrr1T'r111rrT
10 120 130 140 150 160 170 180 190 ,]“" 120 130 140 150 g0 170 180 190 200
Higgs Mass [GeVic m,, {Ge\ﬂc )

Observed Limit/c_, (NNLL) ~ 1.6~ Observed Limit/o,,, (NNLL) ~ 2.4
Expected Limit/c,,, (NNLL) ~ 2.4  Expected Limit/c,, (NNLL) ~ 2.8
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. Combmed limits from December 2007

- New results shown today not yet included!

* Expect both experiments to show improved limits next week

m, [GeV]| cDF | D@
CDF 11 Preliminary 115 6 5.7
] expected 165131 | 2.8

E . [
z SNy - s ni bserved| 15| 96 | 64
-“g = o 160 2 2.5
=+ Expected ZHIhbh — . : - - :

.-1025- A L = :"ﬁh‘l'm@ﬂ:ﬂﬂ?ﬂﬂﬂﬂﬂﬂﬁ:::‘;t:?'::::'"::.'_ S EE """"""" dL """" =
— S eeted HWWRY T r [_}EPre@liminﬂm L=u.9-1.rﬂ5 serveg Limit
ﬂ ....... Expctiod CON 215 = ! ! ! ; + Expe{:ledlen :
U E i H i
EE : 10
wn 10F . E
X f gt T,

s "B sundmatodeizio

120 140 lﬁl] 180 200 A | |

H iia
110 1£I‘J 13D 1411 15!‘.] 1EI'.I 170 ‘IED 190 Euﬂ'

Higgs Mass (GeV/c?) m,, (GeV)
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Improvements underway:

* Di-jet mass resolution :
Tevatron Run II Preliminary, L=1.0-2.4 fb’

* Lepton efficiency 102
S +++++++ R
° Further |mprovement5 N LEP :::§:::::::::::::::§::::: """"""""""""""""""""""""""""""""""""""" ]
in analysis technique = DAV N | | | ]
* Better multivariate E
techniques j
* Better b-tagging U110 E
E:-'_\.Ee L e
V)
o))

I - : a a i a | | -
R T A T R e
110 120 130 140 150 160 170 180 190 200
(GeWc )
L.6e(1.10) !
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