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CDF Run2.

- SIS \

== CENM\DMFT CHAMAER
gﬁgnggggmb
— CMP muon det (drift cham + scint) p;>2.5GeV |n/<0.6 I

HADRONIC CALORIMETER

GEEEE MUDN DM T CHAMBERS |

e sueone = CMU muon det (drift cham) p;>1.5GeV |n|<0.6

MUON SCINTILLATOR
!iii! COUNTER

ISL {3 LAYERS)

== SVXII (5layer) silicon strip det o . p~40pm |

e -y

1 COT tracker drift chamber p/p>~0.1% ’
dp/pr*~1.5%(L1/XFT)

- PRESHOWER DETECTOR

SHOWERMAX DETECTOR

Bl == FOaFT

hﬂ,ﬁgé e J/7CMX muon det (drift cham + scint) p;>2GeV 0.6<|n|<1 |

T '
LT A TRl ol

+ ‘.||||||
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“s=1.96TeV O(Inelastic)~60mb. Z~7x103'cm2s! (~400pb! good recorded)
>Plan: ~8x10°lcm2s! (Run2a); ~2x1032cm2s! (4-8/fb Run 2)

=" 1.7MHz collision>20kHz L1 trigger->350Hz L2->60Hz L3/logging rate.
»>~80% L1 (~1/3 at L3) of the trigger (bandwidth) are B physics

=" Better silicon coverage (x2), muon detection, improved tracking.
= Better triggers: lower track pr, higher efficiency.

Run2 vs Runl
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Triggers used

N

r : : : |
| All are input to the various Level-3 triggers

I That use the offline quality information |

“"Dimuon trigger “"Two Track Trigger
>pr>1.5GeV, [n|<0.6 >pr>2GeV, |nikl
pr>2GeV, 0.6<n|<1 >Pr> 9, d, info used to cut on 2 tracks
>Pr, ¢, muon ID used to cut on tracks »Used for: B,D->hadrons ; D>pup
»Used for y,Y, B2 pu(+X)
~ 1 mm
T b
T~ V.. == decays
& Semileptonic trigger ///secondary

/N vertex
>Pr, 0, dy, muon ID used to cut on tracks g

>Used for y,D,B2>u(+X)

»>no results presented in this talk

S. Krutelyov B physics: new and rare
7/1/04 BEACHO04



Triggers used

N

“"Dimuon trigger

>pr>1.5GeV, n|<0.6
p>2GeV, 0.6<n|<1

>Pr» ¢, muon ID used to cut on tracks

>Used for v, Y, B2 uu(+X)
FDF Run Il Preliminary L~138 pb'1
S w0 s
E 700
E soi_
L 5o
ia -

E""%gHﬁ ng
S 20 AR (
o 1 t .
ob | | |

54

55

candidate mass, GeVic’
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CDF Runll Preliminary L=123+7 pb'1

° «, 4000
Trigeers used fowf 0 O
= 3990F ., = 92600 + 340
C » F 3000}
i 2 2500F
=" Two Track Trigger & 20
2000
»pr>2GeV, In|<l1 1500F-
>Pr, 0, d, info used to cut on 2 tracks @L2 oo
500F-
>Used for: B,D—>hadrons ; D2 Ul  —corimmeimmy] ‘ e
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N

“"Flavor Changing Neutral Current. Loop
contribution only in SM.

>Brgy (B> M )=(3.4£0.5) x 107
>Brgy(By> MM )=(1.00£0.14) x 10712 (hep-ph/0303060)
>Brg (D> U )~3*10"13 (GIM suppressed)

=" Only upper experimental limit exists:
>Br (B> U )<2.0x10° 90% C.L. CDF Runl @100/pb.
>Br, (B2 H 1 )<1.6x107 90% C.L. Belle ‘03 @78/fb.
>Br (D> )<4.1(4.2)*10° 90% C.L. BEATRICE(E771)

== Limits are far away from the SM value: can test for a
possible new physics.

B(D)-> uu: Theoretical motivations. Current limits

o
+

u

b MSSM

7]

~ tan®B H

“ MSSM: Br(B>u"W) enhanced by tanf3>10 terms ~tan®p.
Up to 100 over the SM prediction.

=" R-parity violating models give tree level contributions.
Not heavily constrained by other observables.

“ (Can be seen in Run2 (esp. B,2uu)

% Other models enhance less. E.g., universal extra dimensions.
Up to +70% for Bi>u -
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events/|

N

D% py1 search

CDF Run Ii “ Use D™*=>D n* tagged events
% h'_] ez aton, made: = Use D, 7'z as a normalization mode.
2 T | Mubeimes e +Blind from pID in 1.840<m <1.882 GeV
- l{ CMU fiducial = Cuts:
o >[do(,m)[>120pm, [d, (Dg)|<150pm
>A(up)>0.085
e "Background:
o »combinatorial (from right sideband) — expect
1.5+0.7
100 ;— without muon identification

1237 + 48 D°—x'n
in p*u” search window
75

7/1/04

19 "1.95
M,, (GeV)

»misidentification (punch-through/decay) —
expect N(D,2 77~ )xP(misID)?~0.310.1

~1.012  ~1.43'103

0 NCL(DO _>/Uﬂ)/é(DO —> 7T) 0
Bl = pp) < N(D’ > 7m)(€(DO —> ,u,u)//é i 7[77/

S. Krutelyov B physics: new and rare
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D% w1 search

N

CDF Run I 69pb-1

events/MeV

= B(D'D 11)<2.4x106 @ 90% C.L. 2
= B(D"> 111)<3.1x106 @ 95% C.L.

“ This result improves on the
previous limits by ~x2

S. Krutelyov B physics: new and rare
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Br(B, 4,2 ptp-) measurement.

»CL=90% upper limit on <ny > for n,, and n,,
/

NCL (nobs, nbg) o , 171pb-1 or 10 trillion collisions

7/

BR(B. —> H) < P
2;'0[ "Eiotal * OBs Ldt
_- 4 ~ — only Runl 65=0.9ub for p;2>6 GeV/c, |y|<I

- I (use this as a baseline selection)
|

=" Expect to detect at most few events that might only
look like B 42 ptp—

= SM predicts 0 events = really a “search”
»>Don’t look at the data signal region (blind search)
>Signal inside 5.169<M,, <5.469 GeV/c? (+3c window)

" demonstrate understanding of background events
“ accurately estimate o (acceptance) and ¢ (efficiency)s
“ intelligently optimize cuts

S. Krutelyov B physics: new and rare
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Signal & Background

A
\J
“"Need to select discriminating variables that leave most of the signal and remove
most of the background. o016
o, 014 CDFII Preliminary
PT . . ' 10" uu pairs, [n | <0.6
AR<1 B = uu 0.12 ;
( < 579 5 == 01 L‘—l_,_L o2 P.(B:)>6 GeV/c
N ~, oo 10
L g 0.02 ) IL 10"
X8 5 52 54 56 58 0 0.05 0.1 0.15 0.2 0.25 0.3
M, [GeV] ct [em]
0.2 03 |
018 ossl T Background
0.16 —_— u'TH
0.14 0.2 Beoun
.. . . . . . 012 (normalized to unit area)
Most Promising Discriminating Variables o1 015
. : 0.1
— Invariant mass 4 o 1
L M . . 0.02
- CT. Xy Pr(B) < ZD llf@TlmZXC %0 02040608 1 12141.6 % 02 04 06 08 1
(bg<-0,.,) [rads] isolation ratio

- AD 1 §(p®) - d(vix)

- Isolation T i (B) N Largest expected background:
tB) 42 g P gluon splitting g->bb>pp
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Optimization Results

N

L

= Optimize on (M, ,,

ct, AD, Is0) to get the best expected limit
. ZnN(n | nbg) ) P(n | nbg)* — — = = Poisson prob

(BR(B, — up))

= (c1,AD,Is0) = =
(>200 mm, <0.10 rad, >0.65) i

and mass window + 80 MeV around é
world avg Bs(d): 5.369 GeV (5.279 GeV) T
>Bs(d): axg,, = (2.0 +£0.2)% g
(026.6%, €, <30%) -
>»Accepted bgd s =(6+2) fb £

+  Expected bacground E
<Bgd>in 171pb = 1.1 £ 0.3 events o

)

20

15

200 £y O, - [ Lt

Extrapolations based on 110 pb™'1
using In(w)1<0.6, P(B,)>6 GeV/c]

[ CDFII
| 90% CL Upper Limits

Best published limit (CDF) |

Preliminary

0

100
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Observed limits

S¥
% 3 CDF Run |l Preliminar 171 pb™’

BR(B,>'u) < 5.8x107 90% CL. S |go _, - ’ "
(7.5x10-7 95% C.L.) S e z z

3 times better than Run I (previous % = £ £

world best) = R
BR(By>p*p) < 15x107 90% C.L. o
(1.9x107 95% C.L.) . !

slightly better than (1.6x10-7 90%

C.L., just published) N

B-factory/Belle result 0 %5 & 5% 54 5% 5

M,/ GeV

S. Krutelyov B physics: new and rare
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—> for SUperSYmmetry (@95% C.L.)

N
\J

. R. Arnowitt et al.
lhl' De;‘/‘(‘)‘;‘;fjl‘zl""’ | PLB538(2002) 121,
SO(10) ep-p R-parity violating | new plot by B.Dutta
m =3 TeV. m,=500 GeV
- 1000 T S .
. ~_‘ ; . 3108 | A¢=0, n>0 a
Xclusions @9 5% CL tanp=10 ]
i = 7 A=1'=0.02 1
- 750 \_.—__-;:; : -
i L & !
2 B O 500 | 3 ]
T B = “ S ]
ol = . * ]
; ] : . '__'
i _Da rk; matter 250 ¢ E
2o B8 jion g
1CD1m' 1Lt 1 4 dod 500 0 _‘, i'.’i LN [ PR L O LT , ............ :
200 400 600 800 1000

m, ,[GeV]
New limit excludes sngnlflcan’r amounts of the

previously allowed SUSY models parameters (more to go)
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Spectroscopy — Exotic States X(3872)

N

L

““"New narrow state observed first by Belle in
decay modes J/ymtn~

“~Charmonium state not expected near mass peak.
= D* Dbar deuteron-like molecule ?

= CDF confirms X in 220pb!

" Preference for M(nt ) > 500MeV

= 670+90 candidates, sign.~ 12

¥"Mass scale using y(2S) peak

COF: Myjngry = (3871.3£0.7£0.4) MeV /c”
Belle: My g7 = (3872.0£0.6 £0.5) MeV /¢’

Candidates/ 5 MeV/c?

Candidates/ 5 MeV/c?
[p*]
o
o
o

S. Krutelyov B physics: new and rare
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X(3872): Long-lived fraction

N

CDF II Preliminary _ +2.5c5 Projection Around X(3872)
) m?E)%JJ'IWTE*TL_ ]

Candidates per 20pm

41

Proper Time (cm)

CDF II Preliminary

- X(3872) - Jyn'm
z| {Sidaband Subtractad) S =
10 & ] .
. . E F ..
“"Long-lived fraction: % N B
2 10 & |
“Fyasny=16.1 £ 49X 2.0 % § F j[ HE iecms ey
. I LT _|_
8 B
3 \|\
E
=3
=
10"
PR N Y N O PO A O B T P T S S Mhrm el A SR RN T
0.00 0.02 0.04 0.06 0.08 0.10 0.12
S. Krutelyov X(3872) Proper Time [cm]
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B=2>J/y wtt

N

=" Cabibbo-suppressed decay B*2> J/yrt
»>Br Expected to be 5% relative to
Br(B*>J/yK™*)
>Br(B*=2J/yn®)/Br(B*2J/wK*")=4.2 + 0.7%
PDGO02

“~Signal selection

~p1(BH)>6.5GeV, pr(K)>2GeV, L, >200um

Br(B" —>J/yr")
Br(B" —>J/yK")

S. Krutelyov B physics: new
7/1/04 BEACHO4

=(4.5£0.8(stat.) £0.3(syst.))%

CDF Run Il Preliminary L=2l)0pb'1

o
= Data
Eeo
o Jhy K+ Jhy  + background
140
-E --------- Jhy K + background
3208
w Prob(y3) = 90.3%
100}
80
60
401
20
_IIII|I | 111 111 III|IIIIII‘|
2.2 525 53 535 54 545 55 555 56

M(u ) [GeVic]
Fitting Result

parameter value
Mass(B*) 5.2794+0.0003
scale 1.60+£0.04
slope —-2.65+0.95
f 0.74+£0.01

sig

2l aV.R AN atale,
0.045+0.008

N(J/wK*)

1986.1+£35.3
N(J/pIt*) 89.7£15.4
£ 0.991=x0.008

rel




Summary

N

L

= @reat physics results are coming in from CDF

= Br(B.> uu)<5.8x107 at 90% C.L.

= Br(B,> up)<1.5x107 at 90% C.L. <
= Br(D-> 11)<2.4x10°6 at 90% C.L.

accepted/published
by PRL

=" X(3872) confirmation

“"Long-lived fraction Fy3¢,,,=16.1 + 4.9 £2.0 %

o DB DTV _(4540.8(stat.) +0.3(syst.)%
Br(B" —J/yK")

S. Krutelyov B physics: new and rare
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AND_ON TRAT EXCITING NOTE

(c) Copyright Tony Frampton 2001
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Data Samples

N

—(QS+ | opposite-sign muon pairs, ctau > 0
our sighal sample - not used for xchecks

— OS- : opposite-sign muon pairs, ctau < 0
— S5+ ! same-sigh muon pairs, ctau > O

— S55- ! same-sign muon pairs, ctau < O

S. Krutelyov B physics: new and rare
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4 Motivations: B.>UH- (mSUGRA) ;

R. Arnowitt et al.,
hep-ph/0203069,

PLB 538 (2002) 121

.....

“ Overlap with measured 0a, (BNL)

in mSUGRA parameter space. o

=" Qverlap with dark matter=LSP
allowed region.

“"Eliminate large parameter space (~
all for tanB>40), with 400
Br(B,>H*"H)~10"% in Run2 (15/fb)

.-<_-.";\'..-_

| [T EOT4 L7 174 "9 9T 00 07 | F[ RS0 KO8T 0 s D o 1’:‘| | 78 J078 TN 6700 77 DT B8 06 |-.I.|'] (foeh ]

200 - L

H.
1000 ;Illll‘_‘l.:lllllllllllll ...............

—
|">$

I', =,

1 *r

L 120GeV

200 400
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R; Violation: Br vs. m,,

N
\J

R. A itt et al., _ ’

hep-ph/0203069,
PLB 538 (2002) 121

7/1/04
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IT[II[I]

Bi[ B —pp] x10°

'-‘-
.

A,=0, u>0
tanPB=10
A=\'=0.02

I
F
-
|
|
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B->hh PR plot

N

now ~1K events with
180/pb

L =65+4 pb '
L) L} L) I L] L] L] I L L] L]

~
W
o

N.%

O

o

LE | .
_._'

Events per 30 MeV/c?
&
2]
|

oY

o

o

T T
+
+

250

200 — +++
150 — +++

CDF Run 2 Preliminary

B — h*h~ 7
301+27 signal events _
Mean 5.241+0.004 GeV/c’.
Width 0.041+0.004 GeV/c™

100 | + -
! ¢

50 | * -

0 | | | L PR R S IR TS N NN TN T T NS R A ..fl

4.2 4.4 4.6 4.8 ) 5.2 5.4 5.6 5.8 6
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Byt - Run I Results

N

L

Ll lu_ Total luminosity = 98.2 + 8.7 pb !
B O
d

CDF PRD 57 3811 (1998) % o E Opposite sign (05) dimuens
JLdt =98 pb~' (~5 X 10'2 collisionsk ' s

B,: 5.205-5.355 GeV/c? ] 1 }‘

BS: 5.300-5.450 GeV/c? D S WL

£ 1
+ Like sign (LS) dimuons

N, = 1 with 5.344 GeV/c?

(consistent with an expectation from

the Standard Model backgrounds)
Br(B,~> uu) < 8.6x1077 (95% CL) e

Br(B.> ) < 2.6X106 (95% C.L.) S [G;, /cl]ﬁ
1

1 -
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