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Outline
Focus on EWSB and Higgs

Tevatron, experiments

Indirect constraints
New W mass measurement

Direct Higgs Search

Low mass my < 135 GeV
High mass my, > 135 GeV

Summary and future

Limit to results new since APS Apr. '08
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The Tevatron

i

== pp collisions at
Js=196 TeV

Running extremely well
(thanks, FNAL!)

5/2/9 APS April Meeting



The Tevatron
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CDF & BO

Silicon vertex
Fiber-based tracker

U-LAr calo
Muon

Silicon vertex
Wire-based tracking
Lead/Scint calo
Muon

Somewhat different acceptances

D@ Detector
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Physics Introduction

- Standard model has a mechansim for
electroweak symmetry breaking(EWSB)

- Allow massive W, Z and gauge invariance
- Accomplished via the Higgs mechanism

» Access to EWSB/Higgs sector by either
- Standard model internal consistency
- Search for Higgs production
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Last Year @ APS
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Indirect Constraints: Limiting Issues

» Constraint limited by precision of
- Top mass, m;,, (See V. Sorin’s talk)
- W bosonmass, my, 1

. O :
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)
=
=
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I
1 —LEP2 and Tevatron (prel.)

80.5 -+ LEP1 and SLD
68% CL

150 175 200
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W boson mass

‘New measurement from DO
- W -> ev mode

- Cannot measure v or W
momentum along beam

Use variables defined in
transverse plane

pT / ET: mT P -..;_..l:.*_;__::hkh;\jeulrmu
My = '[2 PTe E'T (I'COSA(I)) W Undayingevemt The

- Cannot predict analytically
Distributions from

pamme'rr'lc simulation Electron energy resolution (n=0)
critical to analysis! oe/E = 3.6% at 50 GeV
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W boson mass

» Tune parametric simulation w/full sim,
and data; ultimately Z->ee data events

500

E - DO Preliminary, 1 fb" —eData f
E one oT man

3 375 — Fast MC y
g control plots, m,,
€ 250
> [— . "
= < - sz'glc"fn— 153/160

125—  X7C0I=

.......................... EM response and

70 © 7" "o 6eV ™ 110 presolution in MC
% 4 tuned from Z->ee
2
ol MIFind m,, = 91.185+-0.033 GeV
) Il agrees with world avg.
- m, = 91.188 GeV
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W boson mass

 Fit data to simulated distributions (with
varying true my,) fo determine my,

10000

A el My oz,
% L F S | Tested methods
a o F iR e w/full simulation
250?‘ r TN~ treated as data
. ?o OPrellml::r — ) ] ) 109 For data, blinded
JH.MH ......... }WMHHHH ___________ H} _______ + _______ + HM _____ \C/\énrfr\gjlspvlc;[ruse CL)JETEI
_: Q*W*+*+#W+H+ﬁ+}+ﬁ+****¢++++H++H#
ﬂ:""s'o'"'7'0""8'0""9'0 ..... Also fit p1e, B+
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W boson mass
ms: my = 80.401 +- 0.023 (stat) +- 0.037 (syst) GeV

p*t = 80.400 +- 0.027 +- 0,040
. - 80.402 +- 0.023 +- 0.044
) Correlation
o(mw) MeV

Electron energy calibration 34 34 34 083 1.0 0.68
Electron resolution model 2 2 3 082 068 10
Electron energy offset 4 6 7
Electron energy loss model 4 4 4
Recoil model 6 12 20
Electron efficiencies 5 6 5) .
Backgrounds 4 5 4 Most expemmen‘ral
Experimental Subtotal 35 37 41 uncertainties
P]]?:E 2 171 194 limited by Z->ee
goson oy 5 5 5 statistics,
Theory Subtotal 12 14 17 > Improve with
Total 37 40 44 more data
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W boson mass
Combine (w/corr), m,, = 80.401 +- 0.043 GeV

CDF Run 0/1 - © | 80.436 + 0.081
DO Runl : @ i 80.478 + 0.083

Phys. Rev. Lett. 99, 151801 (2007).
CDF Run i . 80.413£0.048 '  Rev D77, 112001 (2008).

Tevatron Run-0/I/ll —o— 80.432 + 0.039

Py 5 (Does not include

World average (prel.) 80.399 + 0.025 new DO result)
DO Runll (prel.) —@— 80.401+ 0.043

New measurement will

l : ' have significant impact

80 80.2 60.4 80.6 on uncertainty of
m,, (GeV) world average
Future, COF: 2 fb-!, o(mW) = 25 MeV
DO: 10 fb-1, 17 MeV (if same ’rheor'y)
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On to Direct Higgs Search

 Production

?
g10°e q9, 99, 99
c LW
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Main modes:

pp -> WH, ZH for m,, < 135 GeV
>135 GeV
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Higgs Search: Low Mass

* Primary channels
- WH -> ¢évbb Wiz
- ZH -> bbb W/z*
- VH -> F+ +bb ~
ZH ->vvbb ~H
WH -> (¢)vbb
+ Additional new channels for Mar. ‘09
- WH ->twbb H -> vy
- VH, VBF -> ttbb/jjt7
- VH -> jjbb
- +TH -> tTbb

V=WorZ
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Low Mass: WH->évbb, ZH->ltbb

» Typical base selection
1 (W)or 2 (Z)high pre,n: pp20 GeV
v(W): F>20 GeV
>2 jets p>20 GeV W/z

* Backgrounds

- W/Z+jets <

- W/Z+b's
- 1Tt A three step approach
- diboson 1. V+jets base selection
- QCD 2. V+bjets
3. Multivariate final step
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Low Mass: WH-s¢vbb, ZH->tebb

+ Apply b identification: 1 or 2 b-ID jets
- Split by jet & b mult/type, different S/B

5/2/9

Events
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Low Mass: WH->évbb, ZH -> ébb

+ Apply multivariate technique(s) to gain
maximal sensitivity

2 | NN inputs
e [ L=27 b W + 2jets / 2b-tag (J1)
:>J, 1035_ D@ Preliminary &’ E\fatajets EI(JZ)
- signal x10 —ae AR(JJ)
10%F _my = 115 GeV . AG(TT)
pr(JJ)
10; m(J’J‘)
E pT(ZIET)
Matrix Element
1t
: Dominant systematic
uncertainties:

10702 0 02 04 06 08 1 1.2 10% NN,
5/2/¢ 2 b-tag NN output 30% W+bb (10% overg)l)



Low Mass: VH -> F1+jets

» Signal Modes
- ZH -> vvbb
- WH -> (€)vbb, w/t not found; esp. &=p
- or WH/ZH with e.g., Tt reconstructed as jet
50%/50% mix of Z/W signal modes
* Higher bkg from QCD, pp -> jets
- no charged lepton
- F+ from resolution or misreconstruction
+ But, sensitivity similar o WH->¢vbb!
- Higher oxB
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Low Mass: VH -> F.+jets

» Basic Selection
- Significant 5, >30 GeV or >50 GeV
- >=2 jets, typically higher p; for one

- Angular requirements: jets, P+ to reject
mismeasured jets

* Higher multijet (QCD) background large
and hard to model from simulation

- Use data control samples and tag
probabilities

5/2/9 APS April Meeting
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Low Mass: Pr+bb, QCD bkg

4 regions: 1 - P+ near jet (EQCD enhanced)
2 - loose lepton (EW, top enhanced)
3 -QCD NN low (QCD enhanced)

4 - signal
120 CDF Run Il Preliminary, 2.1 fb"
-, my=1156eV -
| Dijet Invafiant Mass, Si 120: e Mjet Invarlant Mass, CR1, Excluslve ST
o -1
350__ : ‘ Single T 2
- 100 M
300 L -
= 8ol 7 - otozon
2501 R 00] v
: ot : S
200 loo|- |
C 40 -
150 00~ DIJQT mass
100" 00(- smgle tag
C == - *
501 , |00
00 100 200 300 400 500 600 700

M, (GeV) M, (GeV)
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Low Mass: F+bb

» 1s* NN to reject non-signal like bkgs (QCD)
+ 2" NN to separate remainder

CD F CDF Run Il Preliminary, 2.1 fb’ _ CDF Run Il Preliminary, 2.1 fb’"’
120F e 0ea 50 . .

" my = 115 GeV ‘Final selection
100 =Z:am i NN output =::am

= QCD veto NN e o P "~
80:_ :/’ZBE‘*?‘."".""E"“ i (2 1-09) %Bad:g'\llllndEna
ED:—
40:—
20:—

o5

QCD Rejection NN ' NNoutput
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Low Mass, F+bb: Yields

CDF, MET+bb 1 tag 2 vtx tags vtx+JP tags
Total Exp 1548 4= 146 105 £ 13 | 149 £ 17
Observed 1443 105 148

ZH — vvbb (MH115GeV) 2.1 1.0 0.8

WH — (l)vbb (MH115GeV) 1.8 0.9 0.7

ZH — (l1)bb (MH115GeV) 0.09 0.04 0.03

Note the S/B dependence on tag multiplicity
QCD background 407%-60% of total

Systematic uncertainties
QCD normalization 5.5% - 20.6%
b-tag efficiency 4% - 12.4%
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Example Improvements

WH,
add matrix element(ME) use ME as NN input
isolated track
jet energy meas.

Eﬁ'bb,
1 tag; 1 loose + 1 tight
relax F cut

ZH
more triggers Z: €+ track
expanded ¢ acceptance electrons in cal. "gap”
kinematic fit

5/2/9 APS April Meeting
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Low Mass: Summary

Lumi | Higgs Yield | Exp. Limit | Obs. Limit
Analysis Channel |(fb)| (evts) | O95/Csm | Oos/Csm
WH -> tvbb  new
CDF (NN,ME,BDT) 2.7 8.4 4.8 5.8
DO (NN) hew | 2.7 13.3 6.7 6.4
ZH/WH, E—,—*'bb
CDF(NN), ST+DTnew | &1 | 76 2k 6.9
DO (BDT), DT only 2.1 3.7 8.4 7.5
ZH- >itbb
CDF NN 2.7 2.4 9.9 7.1
ME hew | 2.7 2.4 12.3 7.8
DO BDT new | 4.2 3.1 8.0 9.1

5/2/9
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Higgs: High Mass: H->WW

* Main mode, gg->H->WW -> ¢ve'v'
Also WH -> WWW WZZ: like-sign leptons
"00000Y

¢ DO candidate
,i H->WW->evev
t i ---H a1 T

| / ST N
* Major Backgrounds LSRN

L > U (excep'r ep) | T | .:E;; .;:
WW = vtV B \\ ey
It (esp. en) N s \
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High Mass, H->WW->¢vev’

» Basic Selection (indicative)
2 charged leptons (e,u). Typically py> 15 GeV

) =
: E D@ Prelimi i
+ Follow up selection &« Fr [sorsimeay o
MmineZr) > 30 GeV I,
3 |- =
AG(E) 2.0 U Diboson
CDF,36fb-1; mH=165GeV  [iesw  10°f =
> i Wjets E H :
S = Same sign leptons m 108 ey -
% 105 (new CGTCQOPY) ;vZZ 1é' . pris: 48] } E_
@ B DY - =
6 W"‘j@TS T D e e e A A

0 20 40 60 80 100 120 140 160 180 200

L

diboson ET
- N aEn Signal x 10
T e e

40

60

80

100

120

ET**[GeV]

Big range of yield and S/B

for different final states
E. (GeV) pril Meeting
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H->WW

*Multivariate analysis & results

St D@ Preliminary, L=3.0-4.2 6
‘é 10 25 ee, ey, pp E?ﬁéﬁs Signal (M =165 GeV)| _ CDF, m, = 165 GeV: 1 jet, hngh S/B
S ok Bl Top & 5[ 0S1 Jet, High S/B =
9] 3 — ,_E - M, = 165 GeV/c? i
10435 [ W+jets = -
103 [ Z+jets T
> [ ]Multijets
107
10
0 01 02 03 04 05 06 07 08 09 1
NN OUTPUT -1_ -D.8 -D.6 -04 -D.2 D 0.2 D4 D.6 0.8 1
NN Output
Lumi | Higgs | Exp. | Obs.
fb-! - Limit | Limit : :
Channel (o) | ield Main systematics:
DD NN 4.2 23.2 1.7 |1.3 JCT C(]“b, energy
5/2/9
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Results & Combination

* No single channel nor experiment alone will
be sufficient

» Combine using shape information (e.g. NN)

- Binned likelihood for each final state
Both for B only and S+B using ensembles
Two methods, results within 10%

- Maximize benefit from S/B variations
Many subdivisions: lepton species, number of jets,
number of tags, ...

- Let systematic uncertainties float within est.
uncertainty (profiling)

See http://tevnphwg.fnal.gov/
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Combination

Result of full combination: CDF & DO, all channels

95% CL Limit/SM

10

Tevatron Run Il Preliminary, L=0.9-4.2 fb™

LI l L | LI

_Tevatron. .
Exclusmn

--'i LI LI L L L L } 1 I

: ___LEP__Echusmn

Expected 5
Observed Obser'ved

5 , _ 5 ~ /Expected, B only
e T — ot 68% of exps.
o TSy S /4 90%

+20 Expected

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

"-z"-\'}"l | | | I I I | [

March 5, 200 1

|":r‘4 |||||r L

100 110 120 130 140 150 160 170 180 190 200

H(GeV/c )
arXiv:0903.4001
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Return fo the global summary

March 2009 m =183 GeV - —ILEPI2 and Tevatron (prell.)
8] — hlr—r 0.54 -~ LEP1 and SLD
MEEL= 68% CL
D — D.02758+0.00035 N !
%} - D.02748+0.00012 0.4-
4 - T Lees incl low Q2 data ] — '
- | al %2
2 ‘ ,\— 150 175 " 200
I Marcht~First exclusion region
17 20091 from Tevatronl
o RN o Prelminary Fit includes new m,,,
30 100 300 Does not include new
m [GeV] W mass
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Higgs Search: Future

* These results 1 -4 fb-!. Expect 8 fb!
(or more?)

Preliminary Projection, m,=115 GeV

+ What else? = [ T T
g CD F+DO _________________ ________ — gummerii _______________
MOI"Z mOdCS E i."' ——  Summer 2007
. . . — Janua
Improve meThOdS : E 10 @ '::::::::::::::E’:::::::::::::::::::::E':::::::::::::::::::::é::::::::_ Deoem’ijr“:na T
1-099| ng i :":::::::::gf:::::::::::::::::::::gf:::::::::::::::::::::gf::::::::E With Improvements
mass resolution AN _::::_"'f::E:::::::::é::::::::::::é:::::::::::::;:::::::::::é:::::_

lower thresholds
categorizing (S/B)
..and many others.. 1}

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

o 2 4 6 8 1 '12'14
Integrated LumlnosﬂylExperlment (fb )
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Summary

* Indirect measurements, my,
- New from DO: m, = 80.401 +- 0.043 GeV
- Expect 8x(DO) - 40x(CDF) more data

» Higgs search: 15" TeV exclusion regionl!
- 160 GeV <« M, < 170 GeV
- m=115 GeV, Obs(Exp) Limit at 2.4(2.6)xSM

continuing w/more data and technical
improvements

Much more to come over the next year!
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W Mass talks

Session C13:

Measurement of W boson mass using the ratio
method at DO (F. Guo)

Session L14:
Measurement of W boson mass at DO (J. Guo)

A precision measurement of the mass of the
W boson at the DZero experiment (Osta)
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Standard Model Higgs Talks

Session D9: Mini-Symposium on Standard Model
and Higgs

Session G12. Higgs II
Session X14: Higgs III

And onhe in Session J10:

Search for a Higgs Boson Produced in Association
with W Boson using a Neural Network Approach
at CDF (Nagai)
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