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Tevatron Performances and Luminosity

Projections
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B Report presented June 15 DOE
E "Design”: require electron cooling
B "Base": conservative assumptions
B 4-5 fb-1 before LHC turn on ...

First CPV analysis results based on the first 65 pb! ...



CDF Detector

Central Muon Central Calorimeter (E H)

NeW Wall Calorimeter (H) \/
:
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* Front-End electronic Plug Calorimeter (£(1)
- DAQ system Forward Migg
» 3D Silicon Tracker (up to |n|~2)

+ Central drift chamber (also dE/dx)

» Time-of-Flight detector (o, =120ps)
* Hadronic B Triggers (XFT/SVT) w&—=

\\:‘- ] /

Forward Calorimeter (E)

Luminosity Monitor

Time of Flight

entral Outer Tracker
Silicon Vertex Detector

D@T@CTOP fU“Y CommiSSioned Intermediate Silicon
and working well!



HF Physics Trigger Evolution in CDF:
From RunI to RunII

RunI: HF triggers based on leptons only:

J/y: pu in the final state
Semi-leptonic decays: high Pt(lept) threshold

v

RunIT: a new era for B-physics@colliders:
» XFT: charged tracks trigger available @Levell Trigger

- SVT: displaced tracks trigger available @Level2 Trigger

* Access to high statistic sample of fully reconstructable
hadronic decays

* Lepton + track with high impact parameter (displaced):
- Semi-leptonic B-decays with lower momentum and better S/B
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Four-prong B reflections

Other B meson decays
«=usesn. Other A decays

Ay, = AK

======-=- Combinatorial background
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v Bs>J/vyé: already x2 RunI sample
v’ Clean Fully Hadronic B/Bs/A, signals:
v Yields x2 respect one year ago

v S/B>1
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B> K-

v' Semileptonic B sample: x5 RunI (see S.Farrington talk)
v High statistic charm sample: ~2M D%—Kn decays
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CDF Plans for 2P in RunIT

B, and A, Physics:
» Unique to Tevatron until LHC turn-on

> Ultimate Goal: Precision CKM measurements and
search for non SM sources of CPV

A

Bs mixing: |V,4/ Vil = f(xs/xy) n

(also: Bs>DsK and B/Bs>VV)
CKM angle a: B/Bs>VV
Direct CPV searches [3

CPV in Baryion decays: A,—pK, pr
Test new CP violating physics: Bs from Bs>J/y¢, J/yn
Measure Al's: Bs>vIDsX, Dsr, J/yé, Ds*Ds-and B>hh

The world's largest B,/A, sample...



CDF Plans for 2P in RunII (2)

B, 4 Physics:
> Comparable sensitivity to B-factories for self-tagging modes or
direct CP measurements

» Indipendent sin(2p3) measurement (c(sin(2p)) ~ 0.06 with 2 fb!)

CPV in the Charm sector:
> Expect O(107) DO>Kn decays reconstructed in RunIIa (2fb)
» CDF can address DCPV, D Mixing and rare decay before CLEO-c

Mode CDF VYield (*) B-factory Yield CDF/B-fact <A_ _
BO>Kn 2.3 ev./pbt 7.7 ev./fb! (BelleO3) | 1.2 3Sgur?)e—i/year. CDF
D*QDOTC, D9>Kr | 3K eV./pI:)_1 3K ev./fb! (BGBQf'O?’) 2 150 _Fb_l/year. B-fClCTOI“y
(*) CDF yields today

Current goals: Observation of decay modes, improve trigger strategy,
first measurements on high statistic channels ...



2P in Charmless 2-body B Decays

B>hh' observed in CDF: <
- ~400 candidates in 65 pb-!
- Mix of: B9 Bs — nrr,Kr,KK

Only at Tevatron: "
- Bs channels: alternative ways to extract physical parameters

- y from time dependent asymmetries in BO>n /B, > KK~ (R.Fleischer
PLB 459 (1999) 306):

* BO9>rtn- measure sin2(B+y) up to ~30% penguins pollution
* Measure of the P/T ratio by simultaneous fit to the time depending
asymmetries on B.>K*K-

Experimental challenges: Today
- Signal extraction (frigger)
- Disentangling of the different contributions ..Future

Acp(Km) = Agp(dir) = (N, - N) / (N, + N)) /
Aqp(nm, KK) = Ap(dir)cos(Amxt) + A p(mix)sim(Amxt)



B->hh': Signal extraction

Trigger:
- Two opposite charged tracks: P> 2
GeV/c,>P,>55 GeV/c
- Displaced: 100um <|d,|< Imm
- 200< A <1359
X

Cut single jet
and di-jet BG decays

Offline:

- B pointing to the PV: |dB| < 80 um
- B displaced: Lxy > 300 um
- B isolated

After optimization (S/N(S+B)):
» ~300 candidate events/65 pb-!
+ S/B ~ 2 (better than expectations)

Select long-lived

Events

Events per 30 MeV/c®

| BoKK
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L =65+4pb”’
...................................

200 _+ CDF Run 2 Preliminary
350 —++ 280426 events
300 — +++ n= 5252(4) GCV/CZ

c =41.0(4.0) MeVc?

...................................
52 54 56 58 6
o Mass (GeV,/c?)

« [ Simulation | 320160 events
n=5.252(2) GeV/c?
c = 41.1(1.9) MeV/c?

20 B
| Bg—oKn

S 5.3 535 5.4 5.45 5.5
M.. (GeV/c?)
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B->hh': Disentagling contributions

Disentangle 4 contributions: Bd>nn/Krn and Bs>KK/Kn - Relative BR
Separation BB > A (dir)

Statistical separation via un-binned likelihood fit:
2 kinematical variables: M(nnt), o = (1-p,/p,)a, (with p; < p,)
PID (dE/dx in the central drift chamber): 1.3c K/n separation

M, (GeV/c?)

: : Kmema‘rncqggformahon & Acp  CDF RunlI Preliminary
4*/ o 1miP‘DZGeV/c Sep.~1.3c
1200;—D* - DOTC ,
Bokn - Do>Ks
B + .
915[].H-.|BHI-:;I'I-4 I-2lll[flI I2 Id'.lll'lélllﬂl
(dE/dx - dE/dx(n))/c(dE/dx)

0 02 D4 08 08
(1-py/padas



B>hh': A(BO>Knr) and relative BR

Fraction Yield 65 pb'l
BO>Kn 053 +0.06 148+17(stat.)x17(syst)
BO>nn 0.14 £ 0.05 39+14(stat.)+17(syst)
B.~KK 0.32 £ 0.06 90+17(stat.) +17(syst)
B.~>Kn 0.01 + 0.04 3+11(stat.) £17(syst)
A p(BO>Kn) 0.02 + 0.15(stat) + 0.02(syst)
BR(B%>nr)/ BR(B>Kr) (*) 0.26 + 0.11(stat) = 0.06(syst) \\

Consistent

(*) includes acceptance corrections (g, /c,, = 0.966+0.009) with zero

Sys’rema‘rlc (ACP/BR ratio):

dE/dx (+0.01/+0.05) . Substantial Bs>KK yield
Background model (+0.01/ £0.02) - Comparable BO yields with B-factory

/.C\ccep’ranlce corrections . Systematic on A already at level of
ass scale B-factory

Mass resolution (B,/B,)
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B>hh': Prospects

Two-body B,/B, charmless decay will provide a large number
of interesting measurements in the near future:

With 2fb! integrated luminosity:

Un’ragged Sample: Tagged Sample:
High precision Bs relative BR * require flavor tagging
Direct CP on B>Kn: - assumed £D? = 9%(B,) 11%(B,))
- oAgp ~ O(1%+10%) - time dependent asymmetries
AT's from simultaneous fits to for B;>nn/Bs>KK:
lifetimes

A (dir, mix) ~0.2 (B,>nn)
oA (dir, mix) ~ 0.1 (B,.~>KK)

CKM y angle:
20% SU(3) U-spin breaking included —» oy ~ +10°(stat) £3°(th.)
Can be tested comparing relative BR:
BR(B,~>nn)/BR(B,~>Kn) VS BR(B,~>Kr)/BR(B,~KK)




Direct CP-Violation in Cabibbo
suppressed D decays

v Charm CPV in the SM very small O(10-°-10-*) - alternative way to
detect non SM sources of CPV

v Can be observed as an asymmetry A, between D>f e CP conjugated

PLGEHN 2nANES -5)

T(H+I(f) \Al\ +\A\ +2ReAA2005(5 -4,)

Many interesting processes in CDF: D9>KK, nrr, $Ks; D* > KKr, nnn

CDF Runll Preliminary L=65+t4pb™
© | AM = 145.378 + 0.003 MeV/c?
Esooo —Width = 620 +30 KeV/c?
Huge statistical samples: % 4000 D' D%
Excellent S/B g D°_s Ko
3000
Dominant systematic: g
- detector asymmeftries 2000
* background subtraction 1000]-
0:. PRI B

R TR N SRR B st
0.138 0.14 0.1420.1440.146 0.148 0.15 0.1520.154
M(Knr) - M(Kn) [GeV/c?]



Entries/2.5MeV/c?
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D*/D° Selection

- Trigger:
Two opposite charged tracks:

- P> 26GeV/c,2P,>55 GeV/c
Displaced:

- 120pum <|dyl< Imm

Minimize non prompt
contamination (<10%)

Selection Cut

P+(DO)

>5.5 6eV/c

Lxy(DO)

> 350 um

AM(D*,D9)

+306,,, window

IP(DO)

< 100 um

do(K)*dy(m)

<0

CDF Runll Preliminary 6514 pb” CDF Runll Preliminary 65+4 pb”
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CDF Runll Preliminary 654 pb™'
S N Doﬂ:—>[m]ﬂ: N, = 3697+ 69

: D> nn
95% purity

| S B A P AR
76 178 18 182 184 186 1.88 19 192

nr Mass [Gevfc2]
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Detector Asymmetry

D —D%, D°-KK _CDF Runll Preliminary

T ool SideBand Subtr. 2> Track Charge Asymmetry
S - i 0 E ood[
AL
G 40f i L 0.02}- Detector
300 — i ® of +++++4++++—+—+—+++++++ in d uce d
2005— T L+ AsymmeTr'y
. ﬁ -0.02| -
- 5E+ i ""’1 /o
1o0E e, -0.04-
o— ’ ¢$T—ii+$-¢=t-—.-+ﬂ=_¢_ﬂ :
0204 e 0E T 12 4 ;1(;)'['2;5‘;!;]2 0.0f e L '1[2'“' ['Gﬁ;c]
DO Flavor tagged using . charge: * Residual effects studied on decays
- Qns)> 0> D%/ Q(ng) < 0 >DO where A, effects are not expected:
Systematic effect: charge asymmetry -D*+> DOt > [Kn]nt
for low-Pt tracks: &(n.) # e(n”) K Kt
Measure track charge asymmetry and Not yet
. -Df=>Knnt &
correct the observed asymmetries included
-Ks>ntn

A(residual) = 0.35 + 0.57 % € scale with L
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DO>hh: Relative BR and A p

[(DO>KK)/T (D> Kn) = 9.38 = 0.18(stat) + 0.10(syst) %
F(DO>7n)/I(DO> Kn) = 3.686+ 0.076(stat) = 0.036(syst) %

Main Systematic: \

Background model (0.6%) - .
Relative acceptances (0.3%) Competitive with FOCUS2003

CP lifetimes (0.5%)

Ap(DO>KK) = 2.0+ 1.7 (stat) £ 0.6 (syst) %
Ap(DO>nr) = 3.0 £ 1.9 (stat) + 0.6 (syst) %

Main Systematic: \

Background model (+0.2%) o ,
Detector Asymmetries (+0.5%) Compeftitive with CLEO2002

Future: A, on D*, D° mixing
With 2 fbt > 6A, ~O(103)
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Summary and Conclusion

Tevatron is slowly but steadily improving (a large effort
in FNAL beam division)

CDF is working well:

- Data taking efficiency now stably > 90%

- x2 in the B/D yields respect one year ago (further improvements
are expected)

CPV First Measurements & Prospects:
- Competitive charm measurements with only 65 pb! integrated

luminosity
- Comparable sensitivity with B-factories for Two-body Charmlesl
B, decays on direct-CP x

- Promising perspectives for an exciting programme of unique
measurements on B_ and A, ...
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More J/vy Trigger Signals

102 CDF Run |
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CDF Run II Preliminary, L = 65pb"'

Trigger: 2 muons: Pt > 15 GeV/c (RunI 2 GeV/c)
J /v yield, resolutions and S/B consistent with expectations (~2.5xRunI)
J/w sample (2xRunI)

~0O(10K) BO—>J/yK, (J/y—>pp) per 1 b

~O(1K) Bs—>J/wd/A,—>T/yA per 1 fb-!

20

LA L R B B B R

" B’ = Jy Ks” ’

[~ 220 + 18 signal candidates BO_) JAV k's

i | i

U "

$77e b
. . +| A N T SR
10 5.20 5.30 5.40 5.50
B? Candidate Mass (GeV/r."’) MB(GQV/CZ)
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Events/5 MeV/c
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More B->J/yX Signals

CDF Run II Preliminary, L = 65 pb’j

B
S

" Ho————1 7 T
o 1 _ 0 " B > Jy K5’
14[:E B = J/l|IK N(Bu)=828.3 £31.0 B —)JAV KSm L 220+ 18 signal candidates 65 pb_l ]
120— - l 1
1[1[1:— __)J/\V Ki ) 100_— ‘ _
r N
80 s
suf— % 60 |-
C Q
4[1? 40

4 20}, b9
||\||||\H|||\||||\||||H||||\||||\||||.\||‘|\|| . - i + + *
500 505 510 515 520 525 530 535 540 545 550 CDF Run Il Preliminary, L=70pb oy

[

B, candidate mass [GeV/c ] 50_ B, J/1|I K" - - - - .
i 220220 signal . . B’ Candidate.Mass (GeV/c‘)). .
k- candidates M (G \// 2)
0 * N eV/c
B—JAy K : L, >100um 8

Trigger: 2 muons:
Pt> 15 GeV/c (RunI 2
GeV/c)

Candidates per 5 MeV/c

L+ | | | 41
5.20 h.25 530 5.3 540

B® Candidate Mass. GeV/c 2

=
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Lepton+SVT signals

B—>DO) B.->D,| AgoA.|
CDF Run Il Preliminary Luminosity 60pb™ CDF Runll Preliminary 60 pb -1 CDF Il Preliminary 60 pb B
~ - -
o : 3 250 3 F Al
%2500: — 0 G, [ B, IvDsX 1 = 200(
= -B% |+D X o D, — o7, ¢ » K'K .
r d |~'s ~ 180
o | 2200 N, : 385 + 22 a r
O 2 L L 140
& | N(D°)=10508 +147 2 1501 ;
1500} S i 120
: "E : - 100
- m |—
1000 £ 100¢ 80
B E -
Z - 60
500fsses 50 + 4 40
i + s 20
97 - L L L . 07 | ] | L | L | |+ G\\\\|||||||\\\|||||||\\\|\|||
7 1.8 1.8 2.0 18 19 20 21 29 215 220 225 230 235 240 245

m(Kr) [GeV/c] pKr Mass (GeV)

Mass(K K )[GeV]

Trigger: lepton + displaced track (SVT)
* reduced Pt threshold for lepton (RunI 8 GeV > RunII 4 GeV)
» Compare to RunI: yieldsx5 and better S/B

~0O(10K) A,, B, per 1 fb!
Tune flavor tagging, precision lifetimes, Bs mixing,...
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More Hadronic Signals ...

165+ 4 pb" April 3rd 2003 CDF Run 2 PRELIMINARY|

COF Run Il Preliminary

B, D{x D, \lf-ileld: ) :;T:Ler:s -E 2 - N(B" - D" x) =552 + 28
D gm s;cn‘:::. = 201:1Me\: :';;1 Of 6=2111 ME\IM:E
B —>D,x Bl |
=100
SR i 8 80
- : I 1))
3 % 1[ . + B*—D%—[Kr]r 2 60
: L 2 v
2 0. Dl T S 20f .
| SRR P P 113 R T A .
4.6 48 3 5.2 5gandldate5£ass (Ge\?)la GDF Run Il Preliminary 48 50 52 54 56
! 2 i 2
CDF Run Il Preliminary J-Ldt=65i4pb" 2 B = D° Pl D" — K3n Candidate Mass [GEVJ"'C ]
o 35 00 = B0 NB" - D°x) =207 +18
2 B—-DTrn" B —)D TT =
z 30F — D -]
§ ash = 40
i 8
- 3 B+—Do%—[K3n]rn
- T o0
- ©
[ o [
C -
- E’-E .
5 1 1 | . i1l bt W,
H.B 49 5.0 5.1 5.2 5.3 5.4 5.5 5.
0

) 5 5.2 54 Candidate Mass [GeV/c E]

Mik e IGeaV/e 21



Multy-body Charmless B decay

CDF Run Il Preliminary, 66+4 pb™

) . » [Data
+
B" = K — Fit
i 13.4 + 5.7 Events ¢ Sideband

Events / 0.020 GeV/c?

i

T —
T

H.EI — 49

B* Candidate Mass [GeV/c’]

Other accessible decays:
- B9 oK,  (e(dKs)/e(oK*) ~ 0.5)
-B g2 VV:
_Bi‘ 9 K*i pO’ (I)K*i
B0 > p0p0, hK*O
-B, > ¢, K*OK*0, K*00
- a, v via direct CP asymmetries
[D.Atwood, A.Soni Phys.Rev. D65(2002)073018]

+ | Jmﬂl |
Py

Bt—¢K*
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Fully hadronic A, decay

Raw asymmetry

A2 AT

CDF Run Il Preliminary (Luminosity 65 pb '1)

Four-prong B reflections

42+9 A} — Al 7 candidates
L

----------- Other B meson decays

---- Other A, decays

Ay — AK

---- Combinatorial background

....
e

1228 - AT

w
ol 1] 1 [lgeg
. ‘4‘; B ey I.l,l.l."aJ

5.0 55 6.0 65 7.0
mass (Ar) (GeV/c)

With more statistic:

-Direct CPV on A,>pm, A,=>pK

Events / ( 0.02 GeV/c ©)

— N w e [#)] [#}] ~l co
o o o o o o o o C)
o LI =

XbéA Tt

CDF Runll Prellmlnarv (Lunimosity 65 pb )

55+10 A — A, ©* candidates

Four-prong B reflections
----------- Other B meson decays

| wemeeeenenn Other A decays

Ay — AK

u { ----------- Combinatorial background

[T, e

- RRLCTTCN \

- TS ondim LI }

B - T i
L Il

T R LN -J.-ﬂi”ﬂ'ﬂ'.('l"r!‘fm--'ml.:ffa

5.0 55 6.0 6.5 7.0
mass (A) (GeV/c)

-BR unknown, not signal observed yeft ...

-SM predict Ap~0(10-30%)



CP-Asymmeties in *
B.~> J/vé e J/yn®)

Measure the week phase of V. sin(2B,) ~ small in the SM
Sensitive to New Physics effects
Only accessible at Tevatron (and LHC ...)

L~140pb’

126113 sig.
candidates

Fit prob: 23%

Experimental issues are complementary in
the two decays:

B.—~>J/yo:

needs to separate the two CP-eigenstates
- angular analysis (complicate)

- allows also the measurement of A,

g = 8

candidates per 10 MeV/c 2
(<]
=

B.—~>J/yn0: u o
. 53 5.4 55
Isa CP-ZIQ@I’ISTGTZ candidate mass, GeVic
neutrals in the final state - degradation Expected ~2000 events RunIIa:
~x2 in the invariant mass resolution o, ~ 0.1 (x, = 25,eD? = 11.3%, 5,245 fs, £=0.5)

B.—~J/yn: expected O(2000) events at the end of RunIIb
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Detector Asymmetry

nzCDF Runll Preliminary CJECDF Runll Preliminary
> C N =
5 - D —»D%%—[Kn]n £ - K
En.15_— [K~] E 9_15}KS — TITT
= - E -
< 041 - E 01
- ® =
0051 JT i 2 0.05F
-0 e " —+ | +_+_ i J* | + | | 5 0 E_... gty B __ o - -H-.¢.-—i—'¢'_+_—+—.+-
-+ T 'f | ‘ gt RS Mnoe
-0.05} -0.05 f—
01 01
-n.155— A . gua = 0-38+0.59% + 0151 A, qua = 0-3410.12%
_ 1 I 1 1 Il | 1 1 1 I 1 1 1 I 1 1 1 I 1 :
0483 0.6 0.8 1 1.2 14 V22— 5
Pt ©, [GeV/c] ' P: [GeWc}'

Residual effects studies on decays where A, effects are not expected



B->hh:
Fit procedure - Likelihood

(for one event)

gl [(1 BT fi- Fila, Mg, idl, id2, A) + b- Fala, Ms, id1, id, A)]

Index i run on

channels:

+ Bgonm - F; = distrib. function signal

' ByoKr * Fge= distrib. func. background
* ByoKn - f.= fraction(signal) = ) f =1
' BioKr * b = background fraction

* Bs—Kn . id1/id2: PID info distributions
- B.—~KK




Y via By=>n'n / B,.2>KK

By, — 7'~ and B,>K'K have two decay amplitudes:

d(s)

" " 11} o
Tree @ Penguin" R,
W§§

ol ) B

direct £P 2 .fr'om mixing alone
Acr(t) = A& cos(Amds) 1) + A sin(Amdg) 1)

dir mix

Acp, Acp functions of v, 3, d, O (deie ~ P/T decay amplitude)

R. Fleischer (PLB 459 (1999) 306):

Assume U-spin symmetry (d <> s)

The 4 asymmetries can be expressed as function of y, p and P/T amplitude ratio
Parameters can be extracted from fit of meas. of Acp(t) for By>nn and B,>KK




An alternative method to 3"
measure y: B.—>DK*

350
300
250 ©
200
150
100 -
50 -

» CP violation by interference
between direct decay and
mixed decay of B,>DK*

* Measure of y w/o theoretical
uncertainties

* Challenging from an
experimental point of view:
- Physics BG from B,—D.r (x15)
- Combinatorial BG
- Time dependent asymmetries
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Heavy Flavor Physics ’
@Tevatron collider

v" Huge x-sections: _ v Total x-section: ~ 103xs(bb)
g }—(QAYS) fft\lg cc:=10ub v' Average charged track
o 70 ;7 nb multiplicity ~x4 Y(4S)

v All hadron species produced: v Multiple interactions
o B+, B9, B, B, A, =, efc. (increase with L)

o Y(4S) BY, Bonly
v" B hadrons produced with high
boost:

Challenge: selecting the interesting 1 B decay from 10* QCD events

CDF Solution:
High-precision Vertex detector (c(IP) ~ 15 um)
Specialized triggers (XFT, SVT)

Excellent resolution on invariant mass measurement (c(P1)/Pt2 ~ 0.3%)
PID



TOF&dE/dXx:
performances today ..

‘RunI: only specific ionization in the central drift chamber (dE/dx)
*‘RunII: dE/dx + TOF (complementary)

* TOF design resolution: 100 ps (measured so far 120 ps)

-dE/dx already at at design specifications

-:.n::u_= '.’?r'r'r?E-T:I-‘--':-r-fE'"?:' _ | CDF RunII Pr'eliminar'y

Sep.~1.3c
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pr"l:"] T (el S
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200

4

2 4 6 8 10
[dE/dx -dEfdx , .., (Vo (dE/dx)

‘s 45 1 05 0 05 1 15 2
Mamanfum [Salih)

TOF: Mass VS Momentum (dE/dx - dE/dx(n))/c(dE/dx)
Already useable for PID
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HF Triggers: performances today

XFT efficiency

LI

CDF Run Il Preliminary

1.00p

0_98?— ' ‘1* é

0.96

o
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0.92|

o o
g &
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CMU Trigger Efficiency
o
g

- u-Trigger efficiency

o
| S

0.82

— 1 1 | L 1 L L 1 1 I
0.80 0.2 0

1/Pt+(u) (GeV/ c) h

Recent/on going improvements:
SVT with 4/5: +50% on B/D yields
DPS B-Triggers: +~30+50%

XFT upgrade (in progress)
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