DZero experiment






TeBaTpOH BbILLEST HA MPOEKTHYIO CBETUMOCTD,
N B HacTosillee Bpems 3a 1 mecsl, paboTbl HabupaeTcs
NHTerpanbHaa cBETMMOCTb bosbLue YeM BO BCEM Run |.

K koHuy 2009 r. — 6-7 fb-1, 2010 — 8-9 tb-1, 2011 ?

*1 FY10 start

Real data for FY02-FY08

Integrated luminosity (fb-)



Physics Goals :

Precision tests of the Standard Model
— Weak bosons, top quark, QCD, B-physics
Search for particles and forces beyond those known
— Higgs, supersymmetry, extra dimensions....
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Forward Mini-drift
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Physics Program

Limit on the B, to up branching ratio
CP violation studies in B, system
— Mass difference Am_
— Lifetime I and lifetime difference AT
— (CP-violating phase ¢,
High precision measurement of W boson mass
High precision measurement of the top quark mass
Studies of the top quark production and properties
Precision measurements of the top quark production cross sections
Search for SM Higas boson
Search for non-5M Higgs boson(s)
Search for SUSY in many modes
Search for high mass resonances (Z', extra dimensions, etc.)
Highest energy QCD jets studies
Di-boson production and studies of anomalous couplings



PNPI

Readout electronics for 50 000 mini drift tubes

Software for the data acquisition by our electronics

Software for the electronics interface

Determination of the DO-Tevatron luminosity

Calibration of the DO Calorimeter

Calibration of the DO ICD

Repairing electronic blocks

Reprogramming of the electronics

Estimation of the DO SM background for top quark and Higgs boson physics

Publications

~ 20 in 2007
~ 40 in 2008
~ 40 in 2009
~ 140 in total during Run Il
Our contribution - 1 paper



Top quark Pair Production & Decay

Top quarks are mainly produced in
pairs, via the strong interaction

m, > my, + my = dominant 2-body decay t -Wb
M~ 1.4 GeV atm, =175 GeV



D@ Run I * = preliminary

August 2008
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1.0

N .
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0 2 4 6 8 10 12
G (pp —>1t) [pb]

DO 2009
¢+ jets, {+ ¢, 7+ {¢channels

c=8.18 +0.98 - 0.87 pb

Top quark cross section production: 0 =6.8 +/- 0.6 pb



Assuming that production is governed by the SM, Top quark mass can be
extracted comparing the measured cross section with theory
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NLO [1]
NLO+NLL [2]
approximate NNLO [3]
]

approximate NNLO [4

165. 5+b'1

CrT—5.9 The top-quark mass from
167.5" 2% direct measurements is
169177

o 5.0 171.2 £ 2.1 GeV/c?
168272




Mass of the Top Quark (*Preliminary)

Measurement Mmp [GeV/cZ]
CDF-I di-l o 167.4+11.4 m;~ 170 GeV vs my~ 3 GeV
DG-1  dil o 168.4 + 12.8
S : m, ~ gold atom
o di —e—t 164.5+ 5.6

Dl di H 1781+ 83 It is the only bare quark.
CDF-l 14 e 17614+ 73 It decays so quickly that
D@-1 4] 1 180.1+ 53 the strong force does not
CDF-Il 1+j* "’l- 1709+ 25 confine it.
DBl 14" — 1703+ 45
CDF-I all ® 186.0 + 1.5
CDF-II all* p— 174.0+ 52 M. & M

: — M
CDF-II Ixy* ; o 1839 + 158 t W H

: 2/ dof = 10.6/10
Tevatron Run-l/II* ¥ 171.4+ 21

150 l 1';'0 ‘ 1;30
M. [GeV/c]

top

M(top)=172.4+0.7+1.0 GeV




D0 2009
Direct measurement of the mass difference between top and antitop quarks

CPT: the mass of a particle = the mass of its antiparticle

(b) utjet

m. [GeV]
=

170F -\ -

tesf e 0

165 170 175 180 165 170 175 180
m, [GeV] m, [GeV]

Am = 3.8 + 3.7 GeV/c?



Single Top Production

q t q'-__ _.--"q

=
=]

s-channel t-channel
0=088+£011pb|oc=198+0.25pb

Single top quark production for the first time was observed at DO (in 2008)

D0 2009: o0=0,+0;=3.94+0.88pb Significance: 50

DO new 2009 result: o = 1.05 £ 0.81 pb; 0y=3.14 + 0.94 — 0.81 pb



B.° oscillations

B,? — p*Ds X,
D.-— o1, p—K* K"

Amg ~ |V, V|2, Amy ~ [V, Vigl?

SM: Am =21 +5 -4 ps-1
DO: 17 < Amg < 21 ps-
CDF: Am_ =17.3 +0.4 — 0.2 ps-'

IVio|/|Vis|=0.21 +/- 0.01

B.-(bs) 1(B))=~1.5pS

[ [__Jdata + 1.645 ¢ (stat.)
[—Jdata £ 1.645 ¢ (stat. @ syst))

Amplitude
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This result rules out some versions of the SUSY theory
which predict faster rates of oscillations




B.? mixing parameters

B —Jip o

JIy — pry”

b - KK

Time-dependent angular
distributions of p*, u-, K*, K-

, 500¢ 1

3 450 b%,1.1M® . ?atta| Fit
= BY — Jiy ¢ — o

o 400 7F — Prompt Bkg
e

@

/)]

TR v v by b I T I |
51 52 53 54 55 56 57 538

Mass (GeV)

AT (ps™)
o =
w B

- (a) DT, 2.8 fb”
5 m B Jiy o
0.2 AM, = 17.77 ps™
0.1
-0
0.1 — SM
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SM — ®,=-0.04 +/- 0.01
7(BY) = 1.52 £0.05 (stat) 0.01 (syst) ps
AT = 0.19 £ 0.07 (stat) 7552 (syst) ps~*
CP violating phase:
bs = —0.57T050 (stat) Toos (syst) rad

e Probability of SM 6.6% = ~ 1.8c



First direct observation of the strange b baryon =~
du M,=6 MeV, M, =3 MeV,

The STANDARD MODEL sc  Mg=100 MeV, M_=1.2 GeV,
bt M,=4.4GeV, M=173 GeV
Eb' > J¥Y + =
p JW — pr
= A %‘* ' (a) , D213 fb™
Ol
- A—pn n “
70 2 I _I~ Data
= | - Fit
9 6
!
.m |
= |
Ll al- J
Tc_ ]
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5.5

M(=,7)=5.774 +/- 0.19 GeV ’"{“b) [GeV]



Higgs search at DZero

Previous studies — My, > 114 GeV  Indirect evidence — M4, < 180 GeV

Combined DO and CDF result (2009)

Tevatron Run | Preliminary, L=2.0-5.4 fb™

= LEP Exclusion . Tevatron
o X *.ff I ., Exclusion
E Qe - Bupected .
L
N
&

November 6, 2009

100 110 120 130 140 150 160 170 180 190 200
mH(GeWc)

DO0+CDF exclude a Higgs boson with a mass of ~163 - 166 GeV
at the 95% confidential level.



W Boson Mass

Constraint on SM Higgs mass is now dominated

by the W mass uncertainty:

Am, =

1.2 GeV = AM, = +9/-8 GeV
AMy, = 25 MeV = AM, = +17/-13 GeV

CDF Run 0/1 —— 80.436 + 0.081
DO Run | ——&— 80.478 + 0.083
CDF Run 1I —e— 80.413 + 0.048
Tevatron Run-0/l/ll —o— 80.432 + 0.039
World average (prel.) - 80.399 + 0.025
DO Run Il (prel.) —e—i 80.401+ 0.043
1 | |
80 80.2 80.4 80.6

m,, (GeV)

DO 2009
m,, = 80.401 * 0.043 GeV/c?
W boson mass width:

Ny =2.028 £ 0.072 GeV/c?

These are the most precise
measurements from one experiment



Dijet mass spectrum
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DIFFERENTIAL CROSS SECTION (ub/GeV)
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x2 vs Core Fraction
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Search for charged massive “stable” particles
(tau sleptons, gaugino-like charginos, higgsino-like charginos,
candidates for dark matter)

1200 - :1‘"’0'6""§;év
- =200 GeV
1000 —~ 300 GeV JII""U"'
L s S -
£ 800 i LR s
iy il Jr_-: ."}al .: a
(1 600 £ 5 N
400- i i 'I.-I L &
i :.l:'.-'_:f |. .:. 5‘:
200__ u:ﬂ; L | l.. 5
R —— ?‘- B i ai g ll'l_;'-.:ﬂ
%092 04 06 08 1

Speed / Speed of light



Signal Exp.
Acceptance Signal
(x107™%)  Events
(a) stau

Predicted Obs.
Background  Events

Mass
(GeV)

60 64£1x5 4.7 309x224£19 38
50 383+£1£5 1.1 260604 1
100 56 £1+4 0.7 1.6E£05+£0.3 1
150 123 +£2+£13 0.3 1.7£05+£0.2 1
200 139+2+11 0.1 1.7 05x0.5 1
250 133x2+13 001 1.7+05=£0.3 1
300 117x2+13 0004 1.9+05=£0.2 2

(b) gaugino-like charginos
60 32+£1L£3 445 236x19+£14 24
80 244+1+£3 85 1.9+£0.5+0.3 1
100 416+£1+4 65 1.6£05x0.3 1
150 Bh+1x9 20 1.2+04+0.1 1
200 RO+ 147 5} 1.9+ 054 0.0 1
250 T4+1£7 1 1.7+ 05+ 0.3 1
300 59+1+£7 0.2 1.7+ 0.5+ 0.1 2
(c) higgsino-like charginos
G0 20+£14+2 94 179+ 1.7+ 1.1 21
80 24+1+3 23 1.6 2054+ 0.3 1
100 49+ 1+4 20 1.6 0503 1
150 89+14+9 T 1.44+05+0.1 1
1
1
1

200 96 £ 1 £ 8 2 1.9+ 0.5+ 0.0
250 81+1+8 0.5 1.7£05+£0.3
300 64 £1£7 0.1 1.7£05x£0.1

No evidence for such particles. 0 < 0.3 — 0.04 pb for stau masses 60 — 300 GeV



Search for large extra dimensions
in the dielectron and diphoton channels

pp—et+te+X pp—oy+ty+X Gy—oet+te Gy—VYty
Gyx — Kaluza Klein graviton

LED amplitudes will result in enhancement of the cross sections for production of
ee and yy pairs above the SM values, especially at high energies.

= - Data
10* (a) CC-CC — Total background Lower 95% CL limits are set
ey, --LED: My =1 TeV on the effective Plank scale
- y ...LED: M, = 2 TeV
JE DG, 1.05 fb T Drell-Yan between 2.1 and 1.3 TeV for
10°¢ Diphoton 2 to 7 extra dimensions
10 Multijet
1 TVttt S 1
s e e NN
1025
[ \ | |
200 400 600 800 1000

di-EM Mass (GeV)



IHouck kBantoBou rpapuranuu  (FO. IlersoB)
pp > W)+ Gy W—oputv Ggx — Kaluza-Klein graviton
OT06op: Masias cyMMapHasi SHEPTHs B KaJJOPUMETPE, OOJIBIIION MONEePEeUHbIN

UMITYJIBC |L — ME€30Ha, O0JIbIIIas HEAOCTAOIIAs TOTIEPEUHAs SHEPTHUSL.
pp — W(Z) + Gyx modernized generator has been included to Pythia 8.3

U | htemp

Entries 774
Mean 242.4

30— A Runllb-1 (single muon sample) |pus 129 6
_ MET_met_bcorrcalo<200 GeV
o5 MET_met_bcorrcalo<100 GeV
- MET_met_bcorrcalo<75 GeV
- ) , JKcnepuMeHTanbHoe
B without pTu ratio cuts:
20— pacnpeperneHue no
- T_met_bcorrcalo<75 GeV HegoCTalowWen
15 - nonepeYyHoun 3aHeprum
- (MET) B kaHane
- M+MET nocne
10— npeaBapuTenbLHOro
- oTbopa.

o

100 200 300 400 500 600 700 800
Fully corrected missing ET, MET_met_bcorr,GeV



| Background rejection versus Signal efficiency | T™MVA

SVM_ Gauss
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JKcnepuMeHTanbLHO Nnosly4YeHHasa 3aBUCUMOCTb 3h(peKTUBHOCTU NofaBneHns
doHa ansa npouecca W(uv)+Gy, 0T 3dheKTMBHOCTN perncrpauum
CUrHanbHbIX COObITUMN.



CDF DO
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Production of ghost muons

DO0: The fractional excess of muons produced outside of the beam pipe is
(0.40 +/- 0.26 +/- 0.53)%, significantly smaller than the ~12% observed at CDF



3aBepLueHne Habopa gaHHbIx B Run |l : 2010 r. (2011r. ?)

3aBepLUeHne aHann3a gaHHbIX Mo UCCregoBaHUIo pacnpeaeneHnmn
MHOFOCTPYWHbIX CODLITUN

3aBepLueHne aHanusa gaHHbix no noncky LED (7?)
3aBepLUeHne aHann3a gaHHbIX Mo ABYXCTPYMHbLIM CODBITUAM, UCNOMNb3yeMbIX

OJ19 N3y4eHUs Koppenaumin no ObICTPOTE C Lierbio NoMcKa aCUMNTOTUYECKUX
KXO-adpdektoB (adppektoB BPKII) (?)



