N

Search for Rare Decays
B,2>H"H and By P
Using CDF Run2 Data

Vyacheslav Krutelyov
Texas A& M University
With D.Glenzinski, M.Herndon, C.J.Lin,
T.Kamon, J.Thom, A.Y agil
For CDF Collaboration
May 28, 2004
Chicago Flavor Seminar
Fermilab

AN




Outlines

N

= |ntroduction
> Theoretical motivations.
> Existing limits
= CDF Run2
“ Br(Bgg = H+H-) measurement.
>Blind analysis.
»Signal & Background

+Discriminating variables
»Background estimation method.

=" Acceptance and efficiency

= Optimization - Expected limit
= Observed limit

= Summary and plans

S. Krutelyov  Bs(d)-->mumu
5/28/03 Chicago Flavor Seminar 2



Theoretical motivations. Current limi ts.

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

>Brgy,(Ba2 U )=(3.4+£0.5) ° 10°
>Brgy(Bg2p*H)=(1.00£0.14) © 1019 (hep-ph/0303060)

N

L

= Only upper experimental limit exists:

+Br g (Bs> U )<2.0° 106 90% C.L. CDF Runl @100/pb.
+Bry(Bg>HU)<1.6 107 90% C.L. Belle'03 @78/fb.

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

W

o

~ tan®B

MSUGRA,SO(10)
= MSSM: Br(B->u*u) enhanced by tan3>10 terms ~tani3.

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

® Other models enhance less. E.g., universal extra dimensions. S M
Up to +70% for B> ptyr RPV
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CDF Run2.

EMP muon det (drift cham + scint) p;>2.5GeV |h|<0.6

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

=== SVXII (Slayer) silicon strip det s,.p~40rm |

: \LCOT tracker drift chamber dp;/p;*~1.5%

e pRESIEMER | DETEETN

SNOWERWAL [ETEUTER

/
\

\7 o rMX muon det (drift cham + scint) py>2GeV 0.6<|h|<1 |

3 h

= (3=1.96TeV s(Ineastic)~60mb. L ~6*103cm2st(~230pb good recorded)
>Plan; ~8*10%cm?st (Run2a); ~2* 10%?cmr?st (4-8/fb Run 2)

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

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

Run2 vs Runl
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Br(BS(d,%uﬂl ) measurement.

//CL 90% upper limit on <ng,> for ny and n,,
) - ,171pb—1 or 10 trillion collisions

N (NN
BR(B ® I..ll,l)£ CL( obs’’ 'bg

ﬁ total >@- Only Runls BS_O onb for Pr Bs>@ GeV/c, |y|<1

-7 : (use this as a baseline selection)

=" Expect to detect at most few events that might only

= SM predicts O events b realy a*“search”
»emphasis on performing an unbiased optimization

= Don’'t look at the data signal region (blind search)
>Signal inside 5.169<M<5.469 GeV/c? (+3s window)

=" demonstrate understanding of background events

+ accurately estimate a (acceptance) and e (efficiency) e

= intelligently optimize cuts |
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Signal & Background

N

most of the background. 0.16
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014
Most Promising Discriminating Variables Zo;z
— Invariant mass a9
-ct: ny P*(LB) < ZD Iifeﬁme, C 003&) 0.2040608 1 1.21.41.6
- DF : f(BTB) - f (VtX) (Pgs-d,p,) [rads]
- |solation P, (B)
PrB)+@ . _,Pi(irk

=" Need to select discriminating variables that leave most of the signal and remove

CDFII Preliminary
Wy pairs, [n | <0.6
P.(B.)>6 GeV/c

10°
10" m
0 0.05 0.1 0.15 0.2 0.25 0.3
ct [cm]
03 o
— Background
0.25
—B.ou'uw
5 s~H U
(normalized to unit area)
015
0.1
0.05 il
0 - - = -
0 02 04 06 08 1

isolation ratio

Largest expected background:
gluon splitting g=>bb—>mm
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Background estimation (1)
N(bgd) = N(sideband|ct ,DF }*R(is0)*R(M,)

*‘N(sideband|ct ,DF ) == sideband events passing ct and DF cuts

N

*R(iso) == fraction of bgd expected to survive an isolation cut
‘R(M_.) == given N(sideband), estimate of N(signal window)
_ 1 Alx-R-9)

Y N-1 S5
=>Only ct & DF are significantly correlated (r ~-0.3), '
the restis not (| r|~0.05) b can 3160 g 52;33

: : 21401 ' —
determine R(iso) and R(M,,,) S ool
on sample w/ NO ct, DF cuts 100,
o ® 801
<@M,,is linear b can use "

: : { CDFIl 171 pb"
40
sidebands to estimate background BadkGisirdenHersl il

In,l<0.6, P">6 GeV/c
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Background estimation (2)

N

=Method cross-checks on control samples

Cuts | N(exp) | N(obs) [|P(>=obs|exp)
loose | 23 + 3 27 20%
optimall] 8 + 1 11 17%
tight |[1.2 + 0.3] 2 34%

—Sample = outside signal window
— P(>=0bs|exp) : Poisson probability
of observing >= obs events with exp expected

= B—->hh background is negligible.
Will be sensitive to these when the limit reaches O(10-?)
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Acceptance and efficiency

N

L

a >etotal —d etrlg ereco >ezvtx >edisVars

“"a — acceptance = 6.6 0.5%
>3S0 far include only muons with [h[<0.6 (CMU& CMP)

“ Cotal »0.92 Caisvars

>take trigger and reconstruction efficiency from Jy data
++/- 10% (relative) syst due to kinematic difference with B,

+€,1,=85 + 3%

>Q'eco:(eCOTe|JrecoepqualeSVX)2:71 + 3%
>€,,=95.1 £0.1 £0.5 % -- luminous region selection

F e a4 — Efficiency of discriminating variables cuts, changes during
optimization:
»varied within 28- /8% for ~200 combinations of (M___, ct, DF, 1s0).
»Cross-check the method using B*—> Jy K* dataand MC (£ 5% relative syst)

S. Krutelyov  Bs(d)-->mumu
5/28/03 Chicago Flavor Seminar



Optimization Results

N

= Optimizeon (M, ct, DF, 1s0) to get the best expected limit
o
N(n|n (n|n —— =~ Poisson prob
2 a >etotal S Bs Xd_dt

& (ct,DF ,Is0) = e ErF
(>200 mm, <0.10 rad, >0.65)
and mass window + 80 MeV around
world avg Bs(d): 5.369 GeV (5.279 GeV)

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

* this result with 171 pb™

— ) x 10

[fa)

D _ oo
>Bs(d): a” g4 = (2.0£0.2)% = ; )
(a»6.6%, e,»30%) -
~Accepted bgd s = (6 + 2) fb =
+ Expected bacground E T e ]
<Bgd>in 171pb™ = 1.1+ 0.3 events S | CDFIl Preliminary sttt
ol . 90% CL Upper Limits

Runll Integrated Luminosity (pb™)
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Observed limits

S
D . CDF Run Il Preliminary 171 pb !
BR(Bs>pp) < 5.8x107 90% CL. & |go *
(7.5x10°7 95% C.L) g | s
p— > T oo
3 times better than Run I (previous & 2 <5
world best) = E S
BR(By> ) < 1.5x10-7 90% C.L. er
(1.9x10-7 95% C.L.) Y N7
slightly better than (1.6x10-7 90% N/
C.L., just published) 7
B-factory/Belle result O=2%8 & 52 54 56 58
M, / GeV
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Conclusions for SUperSY mmetry (@95% C.L.)

S¥
: R. Arnowitt et al.,
R. Dermisek et al., | PLB538(2002) 121,
SO(10) hep-ph/0304101 R-parity violating | new plot by B.Dutta
m 5= }Tﬂ‘u’ = 500 GeV

T X R IR 1000 e pansan Baannssan :
&0 . = Ixpgs | Ay=0, p=0 E
usions @95% CL tanf=10 .
: 1 \ : . A=A =0.02 =

s 750 \- o =
' N & 1
_ - N2 .
%' 400 ;:_'; E & E
£ O 500 \ 5 3 ~
4000 g \ AT, ]
- N ]
E ’&i‘ ; ﬂ\’;ﬂh? .
: ter 250 B o W\ 2

A0 F . - 1 ¢ -

i gion E N\ =

== - =) &\ ]

. 5 =Y 5

]ﬂ]'l{_'l_}. 361 400 400 500 00 00 06 u EE R ".IJ-J-J_I. LAW

: M, (GeV) 200 400 600 800 1000
m, ,|GeV]

New limit excludes S|gn|flcanT amounts of the
previously allowed SUSY models parameters
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Summary

N

=" CDF collaboration produces competitive measurements
of rare B dimuon decays.

= Br(B;~>m)<5.8x10" at 90% C.L.
= Br(B,~>mm)<1.5x10" at 90% C.L.

= Thisresult is submitted to (and accepted by) PRL
> hep-ex/0403032

= We expect to have Br(B = mm) measurement significantly improving this
result later this year.
> This result does not include muons from CM X muon subdetector: another 6% in

acceptance (doubling the present acceptance)
+has larger backgrounds

»More integrated luminosity is being collected (already have +50%)

»Have adightly improved reconstruction software
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N

T AND ON THAT EXClTlNG NOTE...

{c) Copyright Tony Frampton 2001

5/28/03
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BACKUP SLIDES
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Data Samples

N

—(QOS+ | opposite-sigh muon pairs, ctau > 0
our signhal sample - not used for xchecks

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

— S55- ! same-sign muon pairs, ctau < O
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R. Arnowitt et al.,

<« Motivations: B.->p*u- (MSUGRA) hep-ph/0203069,
o M. PL B 538 (2002) 121

) Lllia‘n:-_oa H=>0 :
N wmpso |

= Overlap with measured da, (BNL ) 300 E = . 3

in MSUGRA parameter space. : g E:a a, <11x10°""

= Overlap with dark matter=LSP " : R :

allowed region. = 600 & 2 e, SIWUE
R | 'S .

: F N SRS
=" Eliminate large parameter space (~ o | :
al for tan3>40), with 400 £ i s
Br(B;>H*H)~10% in Run2 (15/fb) - '., | ]

200 SR T TV R T
200 400 o600 800 1000
m, ,[GeV]
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R Violation: Br vs. my,,

N

R.Amowittetal., |eg., Wrpey= | LLE +1" LQD,+!" UDD
hep-ph/0203069, TRPV jk=i=j=k Ijklljklljklljk
PLB 538 (2002) 121 I )

e A0, 150 | |

tanPB=10
A=\'=0.02

10

IT[II[I]

K
P
IH
I
I

Bi[ B —pp] x10°

n‘ C n‘ n 1 cocu lev s v v b s v b s ey
{bJ {mJ 250 500 750 100
1 m, ,[GeV]
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B->hh PR plot

N

now ~1K events with

L = 65+4 pb

.
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301+27 signal events

Mean 5.241+0.004 GeV/c®

Width 0.041+0.004 GeV/c*
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nir Mass (GeV,/c%)
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By mm: Run | Results

Ns = 1 with 5.344 GeV/c? |
(consistent with an expectation from
the Standard M odel backgrounds)

Br(By>mm) < 8.6x10°7 (95% C.L )Ll

Br(B.>mm) < 2.6x10°6 (95% C.L.) "

nrm

B0

Total luntinesity = 98.2 + 8.7 pb ™

BO

1 i
i i‘b
%

1

|II ] ]
2\ ¥
IV W

Ls alt

Upposite sign (03) dimuons

CDF, PRD 57, 3811 (1998)
oLdt =98 pb-1(~5x 102 callision E& J
B, 5.205-5.355 GeV/c?
B, 5.300-5.450 GeV/c? 0

3|
=t

JER

il

Bo
« Like s1gn (LS) dimuons

i
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