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The DO Experiment

vS = 1.96 GeV

Peak luminosities ~ 3x103? cms?
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The DG Experiment
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The DO Experiment
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QCD

e Studies jet production and the structure

* Inclusive jet production:

P, (GeV)

e [mpressive agreement
« Comparison to modern PDFs
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QCD

 Boson + jets are important backgrounds
to top and Higgs Physics.

- u - E (%]
« W+c-jet cross section: ”:
=014 77777 Alpgen (v2.05) + Pythia (v6.323)
- Selection based on muon-based figon |
T|1 o S
tagger: opposite Eoe; | __
charge of muonin - i TR
< _-_--- 10 112: p_[GeV
jet and lepton in W ﬁ/ “5/d (Y
- 1 270" D
3 " <v :3’60;—‘ (b) L=11fb"
. B50_L_ .
- 3.5 sigma o
ol -
g [W + cijet] = 0.074 + 0.019(stat.) 012 (syst.) 10 | """ W+bb
T M L N N S
0= . by e e Ly

Muon p;e' [GeV]



B Physics

» Study weak decays and mixing of B
hadrons

« Many new results:
- First direct observation of the strange b baryon =~
- B_mass and lifetime

- CP violation in B™ » J/yK™
- B° o utu~ rare mode

(s

- etcC.



B Physics

. B_ mixing parameters B_- J/y¢

« CP violation in interference

e Ams, Als, ¢s, polarization amplitudes....

« Equivalent of B4 = J/YKs but Bs << B

Vvl 2
0.0 (1,0)
e | B.

« CP violating mixing phase ¢s=-2ps, but
new phenomena may do ¢s=-2Bs+¢s*
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B Physics

* VV final state » both CP eigenstates possible

« Disentangle by determining relative polarization
of J/y and ¢

 Express angular dependence in J/y rest frame in
terms of polarization - extract CP eigenvalue

©250 -

S F DO, 2.8 b '?miF

- B 0 — lotal Fit
8_200— g L S — CP-even

@ [ 5.26<M(B ) <5.46 GeV - CP-odd

c I . — i

g ct/o(ct) > 5 To”[al"Sl“gnaI
w150 )

08060402 0 02040608 1 10
Transversity



B Physics

« Use flavor tagging: opposite-side and

same-side

- Combined tagging power e€D? = 4.68 %

« Use unbinned maximum likelihood fit:
free ds  |@a =5
» (ps) 1.5240.05 |1.5140.06
AT, (ps~™1) 0.1940.07 |0.1440.08
Ay (0] 0.4240.04 |0.4440.04
|A(0)]" — |A;{0)]°]| 0.3440.04 [0.3440.04
i1 = —046 | = —0.46
i = 2.92 = 2.92
s —0.35 £ 0.23| = —0.04
AM. (pe™) = 1717 = 1777
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B Physics _

T(BY) = 1.52 £ 0.05 £ 0.01 ps

A, = 0.19 £ 0.07(stat) 5 (syst) ps—?
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B Physics

B_ mixing combination

Major Canadian contribution from Wendy Taylor and Steve

Beale (York U.).

Combine:

BS > uvDS(qur)X, BS - uvDS(K*K)X,

B_ - evD (¢m)X, B, » 7D _(¢pm)X (2.4 o),

B_ = uvD_(K.K)X
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Electroweak Physics

« Study the structure of the Standard Model
to the last corner

» Radiation Amplitude Zero in Wy:
- Property of gauge theory: U

o 50

™~ DA, 0.7 b 5 1
O = = = —] —_—
— — . . m.h [1e] 3
E 40 — —+— Data (total uncertainties) — :

c - : . ® 6

o - —— SM (systematic uncertainties) s

W

Dip diluted by:
 Final state radiation off leptons
* NLO corrections

« Background

« Anomalous couplings
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Electroweak Physics

» Study the structure of the Standard Model
to the last corner

 Radiation Amplitude Zero in Wy:

- ) i i
Tail in do/dE_ . (D@07 L Candidates
_ _ _ *qc';mz B —+— SM MC + Background (k=1, A=0)
distribution used to > ---4---- AC MC + Background (k=1, A=0.2)
o - Background
set [imits on anomalous ol
WWy vertex taking ]
place in the s-channel 1¢ I ![ I
diagram: -
107"
O49<K <151 S R N e e
4 50 100 150 200 250 300

-0.12 < Ay <0.13 @©@95% C.L. Photon E. (GeV)



Electroweak Physics

 Forward-Backward Z-Production Asymmetry:

- In qq =2 Z/y* » e"e: asymmetry between the forward
and backward cross-section which depends on the
dilepton mass (M_)

j - DO 11fb!
[ y2/d.of. = 10.6/14 |

s = r ------

‘ Statistical uncertainty
Total uncertainty

— PYTHIA
----- ZGRAD2

-0.5

5I0 | 7I0 | Il(I)O | 360 | 500
_ M,. (GeV)
- Good agreement with SM prediction

sin? gt = 0.2327+0.0018 (stat.)+0.0006 (syst.)  (World average: 0.23152 + 0.00014)

- Large M__ sensitive to new Z' boson o



Top Physics
e Top quark discovered in Tevatron
 Top properties:
- pair production cross section

— Mass
- charge, width, lifetime,...
e Single top
e Other measurements:
—resonances

- forward-backward charge asymmetry
- W helicity, W', ...
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Top Physics

Pair cross-section (lepton+jets)

- Two analyses:
* One uses b-tagging

* Other likelihood discriminant
g5 = 7.42 £ 0.53(stat) £+ 0.46(syst) £+ 0.45(lumi) pb

- Extract mass too

-1
»n 150 DO Run 110.9 tb —e— data (22 b-tags)
T T -
(7] L tt signal
o 120:_ I bkg with leptons
'S - I bkg w/o leptons
= 90
o C |
-CE’ - i It |
5 60 ' ¢
= ¥
301 -
o

3 24
Jet Multiplicity

DO Run 11 0.9 fb™

- theory

DO l+jets Run 11900 pb™

68% CL contour

255554 world average top quark mass
%%

el L LS L e LT
150155 160 165 170175 180 185
top quark mass (GeV)

Number of Events

—e— data (>4 jets)

tt signal
I bkg with leptons

I bkg w/o leptons

0.5 1
Likelihood Discriminant
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Top Physics
« Top mass (lepton+jets)

| JES fitted in situ using my,

qu]m{f‘}-.lﬁ " H‘-: M s 'TEHI]'

Paig (T3 Myop, JES) =

27)4 [M(qg — ¢ — w)|*
* z w; f Z r}'r“dqgf{q;)j{rﬂ}[ ) Iw{fm H}| dbgW(z, y; JES).

2q1q28
[HEETTE 1.4 Havors

D@ Run lib Preliminary, L=1.2 fb"
1.1
a__,] lepton+jets, calibrated

1.08f
1.06}
104

102

[  AlnL=20 __.l
1- o CHBREAAD
\ InL=4.5

1 E b I i § & | i 5 I
09873566 168 170 172 174 176 178 180
M, (GeV)

Miop = 172.2 + 1.1(stat) + 1.6(syst) GeV/c® L = 2.1 fb~1
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Top Physics
« W helicity:

Negative
Helicity
£=0.30

e Use 0*% In W rest frame:

- small for negative
- ~90° for zero
- big for positive

20
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Top Physics
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Top Physics

* Single top
« Major Canada contributions:

- e+jets & u+jets channels main analyses: 2006
evidence and ongoing effort: Dag Gillberg, Dugan
O'Neil, Yann Coadou, Zhiyi Liu (SFU), Brigitte
Vachon (McGill), Roger Moore, Kevin Chan (UofA),
Ernest Aguilo.

- Charged higgs: Brigitte Vachon, Chris Potter,
Gustavo Kertzscher (McGill)

- Hadronic t+jets: Zhiyi Liu, Dugan O'Neil, Dag
Gillberg, Ernest Aguilo
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Higgs Searches

« Strategies:

- searches at low mass: coupled with W or Z (less bkg.)
- searches at high mass

: SM Higgs branching ratios (HDECAY)

— —\\___
36 bb ]
myg = 87 £ 27 GeV
T rrrrl rrrrrrrrr o ww
R N, | T = 180 GaV B0 70 |- #xperimanial errors 68% CL; ‘%
LEP2Tavatren (loday) ;-,
e =
A —_
5 t 1 s S 0.1 1
1 ¢ =—0.02758+0.00035 BO.ED " E * T ]
1 -~
1 0.02748+0.00012 g 8USY | o =
1 0
4 vor incl. low Q° data 5 ! B \
8 B0.50 MSSM| -
“_3 i cc
3 s . B s
BO.40 = e 1O
i - e\
-2
2 10-<F
80,30 =
5 SM |
1 M55M
Goiah bath modals 22
0 () 4y F'r'l-:'l'll'l‘lirﬁﬂr}r . Herarayes Hallik, Baockinges, Welbe 1, Weglain ‘08
e ¥ "IN T S W ST TN S RN T S
30 1 ('m 300 160 165 170 175 180 185
m, [GeV]
1 0—3 { 1 ' 1
my; [GeV] 100 120 140 160 180 200

my (GeV/c?)
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Higgs Searches

« ZH - vvbb with decision trees

> [ T I T T I T T T T I T T T T I T T T T T T T I T T T T
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. G 60— - ]
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Limit / o(pp—H)x BR(H->W*W")

Higgs Searches
e H-> WW - lvly with NN & ME

Use matrix element
discriminant as
one input to NN

................... ................... .............. — Observed L|m|t
' ' ' ' Expected Limit

Expectedt1-c
Expected+2-c

D@ Preliminary, L=2.3 f'

DY Run b Preliminary

mu+ mu-

L=1.2/fb

102

10

—e— Data (551)

— Signal (M,=160)
— Signal+Bkgd.
— Total Bkgd.
— Z+jets Bkgd.
— Diboson Bkgd.
= Wijets Bkgd.

= | —— QCD Bkgd.
[® | — Top Bkgd.

2 0 0.2 0.4 0.6 0.8 1 1.2
medisc
—e— Data (551)
D@ Run Ilb Preliminary mu+ mu-  L=1.2/fb |[— Signal (M,=160)
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Higgs Searches
 Higgs expected limits

E - D@ Preliminary; L=1.0.2.3 fb' P gn—* ”bEt;El 0 fb'f'bl
........................................... 1 o (E G
1 = BE%G L. Expected Limit / ﬁ(SM} ----- — s BB 1.7 1B
— : Hoyy:2.3 b
st — WH- WWW: 1.0 o
E10°
—
—
&
=]
B
o 10
1

"B P B T B e B [t Y A I
110 120 130 140 150 150 17U 1BD 190 2DD
mH{GeWc)
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Higgs Searches

 Higgs combination

Limit / o(SM)

-t
o

-.SM Higgs Combination.......... | w— Observed Limit

- D@ Preliminary; L=1.0-2.3 f' -~ =+ Expected Limit
L - Expected +1-¢

Expected +2-¢

I ‘p ................ :p ................ E ................ .g ................ 'i ................ "E

li._-L 1 -I I-.. ; | -l. -L“I I- IL“I E“I .:- III“I LL;-I;-_

130940150160 170180190200
m, (GeV/c?)
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Higgs Searches

* H » multi-b Y
with likelihood

DG, L=1fb"" — bkg exp.
e Enhanced in MSSM:

heavy flavor
-~ Higgs signal
2 Higgs doublets
New parameters

0 0.1 62 03 04 05 06 07 08 029 1
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o
<
IIIIIIIlIIIIIIIIIlIIIII[III
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141t
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probability density function
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c g C [ i f
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20+ - 20 . 200 || -
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Higgs Searches
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New Phenomena

« Many analyses:

- Search for SUSY paricles: chargino, neuralino,
squarks, gluinos...

- Gauge Mediated SUSY Breaking

- Heavy gauge bosons

- Large extra dimensions

- Substructure of quarks and leptons
- Excited electrons

- 4™ generation fermions

- Long lived b'
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New Phenomena

 Squarks & gluinos:

—~600 T
. . % LEP2 §
« Signal: jets + MET Ss00 | e
& 400
. 7 aad WD WD g g é E nom ]
m; <mg:pp—>4q = q¥, 9% S 300 : mstcrk |\
o s ) — ) © DO B X
Mg ~Mg . pp > 48 > qx, 991, 3 200 DG, Lozt b7 |
3 — Pt — i) — ) (dp] tanp=3, A =0, u<0 E
My, >m; . pp—> 88 > 49X, 99%, 100
2HMIHHMHISTIH

()

DE, L=2.1 it
+ Data
[ 5M Background

3

Events / 20 GeV
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Summary

D@ is producing a wide range of high
quality results both testing the Standard
Model and searching for new Physics.

 The challenges of the future are not just
adding more data. We are improving
analysis techniques and increasing our
sensitivities faster than vL

« Lots of results | didn't mention:
http://www-dO.fnal.gov/Run2Physics/WWW/results.htm
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Backup slides
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Best Independent Measurements
of the Mass of the Top Quark =rreliminary)

COF-l dilepton o i

D@ dilepton —@——
COF-ll dilepton® _,.,:,_,_

DAl dilepton _—

CDF-l lapton+jets —-L
D@4 lepton+jots | i
CDF-ll lepton+jets® :

D@-Il  lepton+jets® K

CDF- alljets

167.4 £ 11.4
168.4 £ 12.8
17T1.2¢ 3.9
173.7 ¢ 64
17612 7.3
1801 ¢ 53
1727+ 21
1722 1.9
1868.0 £11.6

COF-Il alljets®

LU=l B decay langth

Tevatron Run-I/lI* ®

1770 ¢ 41
1807 + 18 A

L' dof = 6.9 11
172614

15 170 190
Top Quark Mass [GeV]

March 2008
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—
=

95% CL Limit/SM

(S
=

Tevatron Run II Preliminary, L=1.0-2.4 fb"

2
L’EP Limit ..., Tevatron Expected
A === Tevatron Observed
o LG e mmnie CDF Exp
Xy _ : : _ March 10, 2008
110 120 130 140 150 160 170 180 190 200
m,,(GeV/c’)
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