Searches for New Particles at the
Energy Frontler at Tevatr




Introduction

TEVATRON/CDF/D@ upgrades

Lepton/Photon Final states :
Z’ boson
Large Extra Dimensions (ED)
Small Extra Dimensions
Excited Leptons
ep Inclusive Final States
SUSY Trilepton “Golden Channel”
GMSB SUSY

Jets/missing Et Final States :
« SUSY Squarks and Gluinos
« Jets Inclusive Final States
« Small Extra Dimensions

Jets + Leptons Final states :
* Leptoquarks 1st generation
* Leptoquarks 2nd generation

Massive Stable Particles

Summer 2003 perspectives
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. TEVATRON Run IT Upgrade

o
v 11
i
E——
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X New Main Injector : 150 GeV
*Store protons, shoot to target for anti-
proton production

X New recycler:

*Magnet storage ring for anti-proton

X Higher energy: N
*1.96 TeV vs 1.8 TeV e - 2o

« Higher cross sections : s
(30 % for the SUSY)

X Higher antiproton intensity:
*6x6 — 36x36 bunches
(3.5 us > 396 ns)
* Higher luminosity

/7~ Main Injector
v" Runl :2x10%" cm2s1 ; “ & Recycler
v Run Il : 2x10%2 cm2s-! :
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CDF Upgrade

X X X X o

x

Improved Si coverage:
*Inl <2
* 8 layers

Central Drift Chamber:
* 96 layers

Time of Flight
Expanded p coverage
Forward Calorimeter

Trigger :
* COT tracks at L1
« Silicon tracks at L2

DAQ
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D@ Upgrade

d

D@ Detector:

Forward Mini-drift
chambers

Central Scintillator

Quarter r-z View:

Forward Scintillator
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New Solenoid, Tracking System
Si, SciFi,Preshowers
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5 o \ Pp beam (Berylium Pipe) +

+ New Electronics, Trig, DAQ

Solenoid (2T)

Central tracker

Silicon vertex detector
Preshower

Muon forward chamber
Calorimeter electronic
Trigger system

DAQ system

X X X X
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Luminosity and Performance D>

2003 Winter Conferences data samples

X Run lla goal
9x1031 cm-2s-1
Delivered 180 pb-1 X Now

Lumi 4x103" cm-2s-1
Physics CDF DG X Run llb goal
Lumi 2%1032 cm-2s-1

130 pb' | 84 pb-
(since April 02)
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New neutral gauge boson :
various extensions of the SM - M(Z’)

Extra Dimensions (ED) :
ADD models (Large ED)

- Search for LED assuming SM particles are
confined to a 3-brane, but gravity propagates in
the ED.

- Signatures is excess of high-mass dielectron,
diphoton or dimuon events over SM
expectation, from coupling to Kaluza-Klein
gravitons

(b) (<)

High Mass Dileptons

Resonance in
dilepton channels ! \

/ 8

* Randall-Sundrum model (Small ED)

- 4 dimensional metric multiplied by warp factor
exponentially changing with the additional
dimension.

- KK states can be observed as spin 2
resonances

- Two parameters :
MG
k/Mp,,.cx determines the coupling and
resonance width

:fSM T Jindlo +f KK”?} e :F/ M

dVcos9
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CDF pp channel : 72 pb-1

CDF RUN Il Preliminary

Events/ 5 GeVic

50 100

x]
10

—a— Data
[ OV Z=up, DY Z-=1z, WW, WZ, t T
- DY Z-=tT, WW, W, t F

JLdt =72pb

I A A 1 |
150 200 250 300 350 400
Dimuon Mass (GeVic )

Z' boson

X Main backgrounds :

* Drell-Yan
- EW dileptons

* QCD misidentified
(ee channel)

10° CDF RUN Il Preliminary
E._ i —*— @ BR{Z"—» pu) limit [95% C.L.
foar] o BR{Z = ) prediction
? 10 {LO ealeulations] 3)
N
& 455 GeVic *
d . k J

N i T

_[Luh =72pb "

Data consistent with SM

background

Z’ mass limit

D@ ee channel : ~50 pb-1

DO Run Il Preliminary

10 x (M, = 600 GeV)

1l- T A | 0 1 L [

100 200 300 400 500 600 700 800

Mee (GeV)

HI'.IIJ 200 200 400 56!] BII'.IIJ 700 3602
Z Mass (GeV/c ")

¥
Assuming SM couplings  § | DG Run Il Preliminary
(95 % CL) 0
ToL 620 GeV/c?
Channel CDF po [ [ l
ee > 650 GeV | > 620 GeV |l \
(640 Runl) | (690 Runl) - _'
M > 455 GeV - .
(575 Runl)
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Small Extra Dimensions D>

e 0.1 psr CDF Run Il Preliminary (72 pb ")
" ee | o Br(G—ee) limit{95% C.L.) | Randall-Sundrum Graviton
i o Br(G—ee) predictions ; 0.08 '_95% C.L. Excluded Region )
i (LO calcnlation:x1.3) ] - r in dilepton decay mode 1
~ 0 L\ 205 Gev/e® J f
S10 e - = 0.06 | :
3 535 GeVi/c”| = ’ ’
1: 0.04 | .
G 1 i ]
=
= 0.02 1
R 300 400 500 600
L=l ]]b Graviton mass (GeV/c 2)
4
I-ﬂ i L i ] L i L ] i i ! 1 L L i 1] i k i
100 200 300 400 500 600 CDF graviton
Graviton mass (GeV/c ") mass limit Channel CDF
ee > 535 GeV
Exclusion plot also for the up > 370 GeV
muon channel
combined | > 550 GeV
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Large Extra Dimensions : EM Channel [PE3

X Two variables : X Event selection : (~50 pb)
* Di-EM Invariant mass 2 EM objects Pt > 25 GeV
* cos 0* (scattering angle in the rest frame) * Missing Et < 25 GeV
[iEM cosi Spectium | D@ Run Il Preliminary X Backgrounds :
N160;—''"""'"'""'"'""""""""""""""'—; * Drell-Yan, Direct y y production ( from MC)
= bt - EM mis-identification (from data)
% 120F ]

Run 168736 Event 23381029 Sat Feb 15 00:39:47 2003

‘5100:
S 80_
L 60¢
40;
20F° :
0:....|....|.-....|....|,...|....|....|....|....|....
0 01 02 03 04 05 06 0.7 08 09 1

coso*

[aEMMass Spectum | gy Ry I Preliminary

at ] MEM_EM - 394 Gev
10 7" 50 100 150 200 250 300 350 400 450 0* = 0.49
diEM Mass. GeV cos b = V.
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. Large Extra Dimensions : Muon Channel

X Event selection : (~30 pb)
-
gl_ oo {+}I [Co Run it Protiminary] « 2 opposite signs muons Pt > 15 GeV

* Mppu > 40 GeV
X Backgrounds :

t 1

Drell-Yan, Heavy quark decay

Aun 168522 Everl 2285047 flon Feb 17 12 5554 2008
ET scale: & Gaf

.1 .2 o3 Lo .5 o.a LT DS .=

1

ICos(e)]|

A

|||||'|'|'|'|d|||||'|'|'|'| ||||||'|'|'| ||||||'|'|'|’|1 TTTT

10

20

SO0
Dipr Irmvwar.

el S0

Mass({(GeaeW)

Mup = 347 GeV
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Large Extra Dimensions : Results DS

X Fit the distributions in the (M
* (expected to be zero in SM)
 Di-EM analysis : n;=0.0 + 0.27 TeV+
* Di-Muon analysis: n;=0.02 + 1.35 TeV+

cos0”) plane to determine the value of ng

inv ?

X Translate 95% CL upper limits on ngto 95% CL /ower limits on M, the
fundamental Planck scale (in TeV)

| ne = Fim_+
Formalism GRW HLZ for n= Hewlett
2 7 A=
di-EM >1.12 >1.16 > 8.89 >1.00 ~
(~50 pb-1)
di-Mu >0.79 >0.68 > 0.63 >0.71
(~30 pb-1)

Di-EM limit close to Run | (1.1 TeV) -
Di-Muon analysis is new
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Excited Leptons D>

X Compositeness models X 2 electrons + 1 photon : Et > 25

X Clear signature X Reject M(ee) around the Z
X Two parameters:
e * A(comp. scale) and M(e*) | No event observed
q
E"-ws CDF Run Il Preliminary % 3| B ]
= .| j L. dt=72pb" = _ CDF Run II Prellmlr_:ary
o010 | ; < 25 _[L-dt=72pb .
T 10° L —— A=M_. Theory [
v Ll ——95% CL Limit ]
&= 10 ¢ ] 21
o :
o0 | ' 15l 95%mcCL _
1 F : | Exclusion Region
-1 o
10 E 1} . _
2| 785 GeV /\ [ |
10 oo : L . . . . . .
100 300 500 700 900 200 400 600 300
M_. (GeV) M.. (GeV)

M(e*) = A, M(e*) > 785 GeV
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ey Inclusive Search D>

X Very low backgrounds mE; Cut DATA TOT BKG

X Model Independent analysis > 0 13 9.6 +0.6+2.6

X Very simple cuts : >10 7 4.6 +0.6 +2.6
* 1 electron and 1 muon with Pt > 15 GeV > 20 3 23+0.6+2.6
+ Jet veto

X Backgrounds : > 30 2 1.6 £+ 0.6 £ 2.6
« Instrumental from data > 40 0 1.4+0.6+2.6

* Physics from simulation

Cross section limit vs Missing Et cut

D@ Run Il Preliminary

u, e sl D@ Run Il Preliminary
a ontributions
= D Fakes — — Tr [ f T4t T [ rryr[rrrer|rrrer[yrrrrprrrrrprrri—
£ o 045 —
c Z—stt—ep — ]
= E .
w WW— eu — C ]
e = oast [JoscL 7
= - R
1F E g o3 .
2 0.25 fb |
[w] -
for S 100 ]
: A * 02 -
B | | WWoepn | & /-
'l ' =2 g . E
- : . =, .
- L B o —
- : : S 01 -
| <
0.05
10-2 Ll L | | | L Ll | Ll Ll | Ll L1 | Ll | L Ll | Ll | | Ll
O % Wlisting transaorse Eneray (Go\ % 5 10 15 20 25 30 35 40 45
Missing Transverse Energy (GeV
- ° av (V) Missing Transverse Energy (GeV)
Z— 1t > eu
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. Trilepton : eel + X

— ~t ~0 ~0 ~0
pPP——> X X, — > leevy y Similar analysis

in the epl channel

X Start from dielectron sample (~40 pb-1)
D@ Run Il Preliminary

back. data " S %ﬁ?ztau
Pt(e1)>15,Pt(e2) > 10 | 3216+43 | 3132 L i wire
10 < M(ee) < 70 660+19 | 721
M;> 15 96.4+8.1 123 10 —
Add. Iso. Track Pt>5 |3.2+23 |3 *

missing Et > 15 GeV | 0.0+2.0 0 !

0 20 40 60 80 100 120 140

X Typical mMSUGRA selection efficiency: invariant (e.e) mass [GeV]
3 to 4 % at the edge of the excluded region

X Sensitivity still a factor 7 away from

extending the excluded domain Golden channel” : very low backgrounds,

but large statistics will be needed

June 26th, 2003 Patrice VERDIER - XXIII Physics In Collisions- Zeuthen, Germany 15



GMSB Search (DQ) D>

X In GMSB, the LSP is a light gravitino

X With a “bino” NLSP, the signature is therefore two D2 Run 2 preliminary
photons with missing Et. ~ + vy
X L =40 pb" 7y — G I Qo
*Require 2 isolated photons with Pt > 20 GeV
*Apply topological cuts
*Determine the instrumental QCD background from the data
(inversion of the quality cuts)
MET GeV

0200 60 80 100 120 140 160 180 200

6 [po]
10

D@ Run Il Preliminary

Theory =
"Snowmass"'
slope:

T 95% CL M =2A, X Photon pointing will be

___________________ N =1 used for long lifetime
tan B =15,

p>0

o,

T
O
NS
S~
ﬁ
—

10

B R R 70 m [GeV]
N B B With ~50 pb-1, the Run I limit

35 40 45 50 55 60 is approached
A [TeV]
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GMSB SUSY Search (CDF) D>

X Event selection : | Missing Et in Diphoton Events
o TWO central photons sample > 103 TTTT | TTTT | TTTT | TTTT | TTTT | TTTT I TTTT | TTTT | TTTT I TT II__
* Reject cosmics & CDF Il Preliminary, 84 pb ' E
s .
» Use missing Et e F . Data, E,(y}>13 GeV ]
g i Non-yy bg + Pythiayy 7
1 @10 _
X In 84 pb”: - E
- Expect 2 + 2 events from background
» 2 events observed 10 -
A (TeV) B ]
50 55 60 65 70 75 80 85 - 2
L | | I | I | | |
L 1 & —
- CDF Run Il Preliminary (84 pb™) - H H :
i :I 111 | 1111 | 111l L1l | L1l L] Ll L ml | I 11l I:
L 0 10 20 30 40 50 60 70 80 90 100
—~ D 95% C.L. limit Missing Et (GeV)
S ET | JHIT— S—— PO L S b ¢
~ — " (14
« X Theory = "Snowmass* slope
9 _ %y S
©
-1
10°F  Neutralino NLSP
: in the yy+F, Scenario .
. | | | | | | M(Chargino) > 113 GeV
100 120 140 160 180 200 220

Chargino Mass (GeV)
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SUGRA search : Jets + mEt D>

]-D IIIIIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

X Squarks and gluinos cross section high

X Their decay chains produce jets, leptons, |
and missing energy because the
neutralino LSP escapes detection.

J= TTTTT

X First look with 4 pb! WoE E
m'i— —
DO Run Il Preliminary - E
%10 _ _3: - n [ch]:
(O} 1o AR T N N N I A A A AU A O I O A A
(Te] Lo 10 20D 250 300 350 400 450 500
o - data ) .
@ —QCD fit X Select events with at least one jet
'..E with Pt > 100 GeV
10
L X Apply topological cuts
X Simulate physics background
X Estimate the large instrumental
QCD background from the data
\ No surprise. For mEt > 100 :
' ' ' 3 events observed , 2.7 + 1.8 expected
o 100 200
mE_ (GeV)
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Search for Resonance in Dijets D>

_ Prob 06569 X Inclusive jet sample
> p0  1.31e+16 +3502e+15 ] ]
__éj 10° ] IR p1 02793 +0.1105 X 2 hlghest Et jets selected
s F S - po[1-mis -plm I | | 4815 £0.4319 i
Stk m e - 6650 1 005742 X Fit the mass spectrum
0 =
F10 & . . .
o No significant evidence
/2] — —
1 e
% = Search for New Particles Decaying to Dijets
1
%10? 3104_""|""|'"'|""|""|""|""|""|""|';
2 2 E CDF Run 2 Preliminary {75 pb™")
10 aa] L . 4
= | CDF RUN 2 PRELIMINARY =] T
10° L _ 133 e Axiglusn or Celoron -
= e DATAQS pb™ G % / 200<M <1130 GeV Excluded
= R ., 3
4l PARAMETRIC FIT — [y Excited Quark i
10 g_ | | | | i\ | soil a / 200<M< 760 GeV Excluded __
200 400 600 800 1000 1200 1400 g ”‘ ...~ Color Octet Technirho E
DIJET MASS (GeV) C -‘_'.':.}. ‘.'\ZGO{M < E40 Gav Excluded
o bz & s 3
New Particle Limit (GeV) ~ oW 3 T :
S0 M<410 Gay Exel. n —
1 = = > —
H = Ea O 3 3 —3'\-\.,. 3
Axigluons/Colorons 200< M <1130 e Eelikied =
EXCiTed quar‘kS 200< M <760 . T @ 95% CL Upper Limit
10 F Inml<2.0, IostI<2/3 >~ E
PR P AP P R ErI IEPITEPE PP B 1 . W
Color octet techni-p's 260< M < 640 200 300 400 BOG 600 700 800 900 1000 1100
New Particle Mass {GeV,/c®)
E6 diquarks 280 < M < 420
A Results improved
Z'/W 300 < M < 410 _ P
with respect to CDF run |
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Small Extra Dimensions in dijets

‘ Randall-Sundrum Limits from Dijets ‘

Search for RS Gravitons Decaying to Dijets COF Run Il Preliminary (75 pb™)

™ 104:I LI LB L | L | L | L | L | L | LB | T I: : 0;3 T T T | T T T T | T T T T | T T T T I T T T T | T T T T | T T
0 E 7 = - . .
Q : CDF Run 2 Preliminary (75 pb™") ] S L Randall-Sundrum Graviton ]
2 ) ] o I 95% CL Excluded Region ]
L ® 95% CL Upper Limit =095 - o i
T 10°F = S L in dijet decay mode _
T 0 Theory {LO x 1.3) 18 I ]
o L . Randall-Sundrum Model 4 i |
ﬂé “.‘ b 0.2 _
10°F E I ]
I | 0.15 - -
0 E i 1
- ] 0.1 .
1 | + . — : :
3 o ; I ]
- hy : 0.05 -
- .—"45‘;_“ . . L i
—1 LR W . a L i
10 F  1ngl<2.0, lcos®l<2/3 SN S I ]

T “; “, " 7 e ey v ey e e e e e e ey gy

1111 | 1111 | 111 1 | 111 1 | 1111 | 1111 | 1111 |1\I 11 | [ I‘]‘I 1 00 300 400 500 600 700 800 900

200 300 400 500 600 700 800 800 1000 1100

- )
Graviton Mass (GeV/c%) Graviton Mass (GeV/<%)

Dijet channel excludes region :
kiMpane~0-3, 200 <M <800
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1st Generation Leptoquarks (CDF)  DEJ

X LQ1LQ1 - vvqq
* 2 high Et jets
* Large Et

X Selection :

* 42 events observed
* 43 + 11 events expected

X LQ1LQ1 —> e*eqq
* 2 high Et electrons
*2jets

X Selection :

* 0 events observed
* 3.4 + 3 events expected

Search for first generation .
e i o CDF Run Il Preliminary, 72 pb-1

CDF Run Il Preliminary (76 pb |'1)

o

(=3
Theoretical cross section, Phys. Rev. Lett. 79, 1997 N“—"
CTEQ4M, Q =m(LQ) e
X

]

CDF Upper Limit, 95% CL

Theoretical cross section (PRL 79, 1997)

---------- CTEQ 5M, B =0, Q=m(LQ)
CTEQ5M, p =0, Q=0.5m(LQ), 2m(LQ) -

o
(]
o

CTEQ4M, Q = 0.5m(LQ),2m(LQ)

o
[

— CDF Upper Limit, 95% CL

o
-
o

Br(LQ->eq) x Cross-Section (pb)

01 10 ¢ =
m(LQ) > 230 GeVict2
0.05
B0 GeV/c?® 107 GeV/c*®
PRI SR VAR AN AT NN N T AN SO ST AN RNt M | .|..|..|.1‘* X L
020 20 240 20 280 30 a0 T "0 80 100 120 140 160 180 200
m(LQ) GeVic*2 Leptoquark Mass {Gewrszj
Limit : M(LQ1) > 230 GeV Exclusion : 60 < M(LQ1) <107 GeV
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Arbitrary scale

Lum = 43 pb

X
X
X
X

2 electrons with p; > 25 GeV
2 jets or more with p; > 20 GeV
M. <75 GeV or M., > 105 GeV

(=2
o
| T 1 | L | I

0.6

04

0.2

Background

_ 1LQ (m= 180 GeV)

B .

1st Generation Leptoquarks (DQ)

no S; cut S; cut
Data 6 0
Total BKG 51+1.1 0.34 £ 0.06
Drell-Yan 3.1+£0.9 0.17 £ 0.05
QCD 1.6+ 0.6 0.09 +£0.03
Top 0.37 £ 0.10 0.08 + 0.02
LQ 200 GeV 2.09+0.24 1.98 + 0.22

Cross Section * BR [pb]

-t

120

100

140

160

180

220 240

Scalar Leptoquark Mass [GeV]

%0 200 300

400 500 600 700 800

St [GeV]

M(LQ1) > 179 GeV , Run | : 225 GeV
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2nd Generation Leptoquarks D>

X Lum = 30 pb- E 133_ DY Preliminary
o = - —e— nu+j] Data
x LQ2 LQ2 9 I~I+“-qq Er._, 3; — EI Z—)Iqu + 2 jets (weighted)
* 2 opposite sign muons with Pt > 15 GeV _§ 6%_ @l ScalarlQ: My, - 160 GeV
* 2 jets with Pt > 20 GeV E 5
- ST > 300 GeV a-
* Mpp > 110 GeV . 3
St =2 Eq(of 2u2j) 2/ ’T
10 .-
0 100 200 300 400 500 600
noM cut | M >110GeV Zuiu By [GeV]
Hp Hp o
Data 18 0 i ' ; D Preliminary
Drell-Yan 21.5+1.4 4.0+0.6 d oL B=BFLQ-p) =1
o) B —— NLO cross section
B e EFFQF Band
ww 0.002+0.001 | 0.001 + 0.001 - . L0 oroes secion
15+ — 95% C.L upper limit
Top 0.193 £ 0.004 0.081 +0.003 -
LQ 160 GeV 48 +0.1 3.5+0.1 11
0.5
M(LQ2) > 157 GeV (30 pb-"), Run1:200 GeV | |
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Charged Massive Stable Particles  |DEY

X Long lived stable particles X Data sample : 53 pb-!
escaping the detector (“heavy «2.9 + 0.7 + 3.1 background events
muon”) * 7 events observed

X Isolated, slow moving :
» use the Time Of Flight detector

Stable stop scenario :
M(stop) > 107 GeV

103|=—--'-|'---|"--|"--l-"-l----|-1 SOCDFRunZPreIiminary [Ldt=530b'1
2 E " CDF Run 2 Preliminary ; o E T\ T g
S & 45 Production cross section (NLO) -
g = QObserved c : ]
5 102 - _ -% 40 ;— ------ Cross section limit (Stop isolated) —;
E :F ! M Dpredlded 1: 2 35 F Cross section limit (Stop embedded in jef]
C ] (7] E 3
£ ; 2  3F ;
= O : 3
10 F } 5 3
: + : 20 F - )
i ) 15 F
- C
1 J-Ld'f =53 pb 10 ;_
] 3 1;
PP PP PP PR SR B : ]
0'---|----I----I----I----I----'
0 05 1 1.5 2 25 3 80 90 100 110 120 130

Mininum A ns
ror (NS) Stop Mass (GeV/c?)
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Of the importance of the tau lepton |PDES

N+N

VS decays

X SUSY: —

* Include tau’s to improve leptonic channels
* Anyway, tau dominates at large tan 3

X Higgs:

* investigate tau channels to extend sensitivity

X Two analysis in D@ seeing Z >T*1° (50 pb-1) o booee” ]
* electron and hadronic tau decays Sl

« muon and hadronic tau decays D@ Run Il Preliminary

@ Data: unlike sign

e I Data: like sign

15—

Entries

D@ Run Il Preliminary

NN Output (Data)
Tttty Use NN for tau ID

10—

T —>mn v

Cut at 0.95

e \. 0 60 8 100 120 140 160 180 200
PR Rl Bt e s e et .
inv. 17 mass [GeV]

“0010203040.50.60.?0.30.‘31

25
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. Of the importance of the tau lepton (2) JES

T[O n-|— 45 = T T T T T T T T T =
Tt 4 a0fF CDF Run 2 Preliminary (72 pb-1) =
_ 35F —
L - 30F —— data -
5 25F L1 Z-r =
> ok M jet— tfakes 3
v 20F 2
E B Z-ee s
15 =
10F —;
sE 3
0 E ] ] 1 =
0O 1 2 3 4 5 6 I 8 9
Ntrack
14;‘ CDF Run 2 Preliminary _E
12 72 pb-1 z
» 10F g -
X Cluster + track seed = S
. v 8K O Z- 1t B
X 10° signal cone: i M jet— tfakes 2
* tracks . W Z-ee iz
4E I
* reconstruct tau - =
T decay - mass < 1.8 GeV 2F =
. . . 0 = =
X 30¢ track isolation cone: 0 20 40 60 80 100 120 140 160 180 200
» compare Ecal and sum E tracks and taus M(e+T+ET) (GeV)
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Conclusion

X CDF/D@ results based on 50-80 pb-' have been presented

X The effects of the higher collider energy and of improved detector
capabilities can already be seen in an increased sensitivity with
respect to Run |.

X A lot of analyses are in progress and new results are expected in a
near future :

« as the accumulated luminosity increases
v" This summer : Luminosity Run Il > Luminosity Run |

« as the understanding of the detectors improves
v Tau ID
v' B-tagging
Vo

« as the trigerring capabilities get extended

X With the basics now firmly established, we can look forward with
confidence to the many inverse femtobarns to come, and — why
not? - to exciting discoveries
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DY : Electron

and Muon ID

CDF and DO Run2 Preliminary
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D@ : b-tagging

DO Runll Preliminary
20
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