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introduction

Bg‘ meson is composed of a b and ¢ quarks

e Double heavy Bj properties are interesting to compare with

heavy-light mesons, such as BT, BY or B?
e Partial width from decays of either quark (a,b), or annihilation
(c) make significant contribution to the total width:

— predicted lifetime for B, is 0.554-0.15 ps
(arXiv:hep-ph/0308214v1)

— lifetimes of other B mesons are 3 times longer

e Rich spectroscopy. Bl — J /4 + p/e + v decay mode

predicted to have a largest branching fraction:

— used for lifetime and cross section measurements
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e B mass predictions:
— nonrelativistic potential models: 6247-6286 MeV/c?
— lattice QCD calculations: 63044-12 MeV/c?

® Precision measurements are needed

to test these predictions

e B is too heavy to be produced at

eTe ™ colliders

e CDF has a capability to make most

precise mass measurement of B us-

ing hadronic decay mode: B —

J/ Pt

Bj mass measurements at CDF

CDF2 Preliminary 2.2fo™
T T T

Entries per 10 MeV/c?

6.0 6.4
Mass(JAyrm) GeV/c?

e Integrated luminosity: 2.2 fo~1
e A signal: 108 4= 15 candidates

e m(B) = 6275.6 + 2.9(stat) +
2 5(syst) MeV/c?

e Phys.Rev.Lett. 100,182002, 2008

e Studies are extended to higher lu-

minosity
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Lifetime:

e Undetected v lead to the missing mo-

mentum in B, decays

e \We measure a pseudo-decay length:

ot* = M (B¢)Lyy(J /1)
- pr(J/Y+I1)

e Define K factor that relates ct of B, sys-

tem to ct™:

Kct* = ct, where ct = TLey
DT

e Obtain K distribution from Monte Carlo

e Write model for ct* in terms of B,
lifetime, ¢, and distributions of K, H(K):

*
—K,ict

K;
Fi, (ct*,0)-Y" H(KD) e 0(ct")®

G(o)

where o is an error of ct™ in event-by-event base
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ct and o (B_.) measurement concepts

Cross section:

e Perform measurements for both
mesons: B, and BT and calculate a

ratio:

o(BH)*BR(Bf —»J/yp+ut4v)  N(BY)
o(Bt)*BR(Bt—J/y+K+t) ~ N(BT)

e Advantages:
- o(BT) and BR(BT — J/¥KT) are well

measured

X €prel

— Most of uncertainties for J /1 — u"‘u_ and
some for 3-rd track in Jv¥ + Track system

would be canceled

e For this analysis we use B —

J /1 v where selection cuts require

a high quality third muon
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Analysis overview

CDF Run Il Preliminary: ~1 fo”

Reconstruct J/’(p — M—l_l'l'_ decays: g Jhy Signal = 6952.3x10° + 2.9x10°

S/B =9.53 6 =12.2 MeV/c?

e Data: use an inclusive J/w trigger stream with integrated luminosity of 1 fo—1

e Look for dimuons from J /1 — ™+ ™ within of || < 1.0

Dimuons from red area used as an input for both analysis

pp Mass (GeV/c?)

Reconstruct:

e BT — J/4 + K (for both analysis: background normalization and ratio calculation)

o BZF — J/4p + U (where [ either /e for lifetime and p for cross section)

Backgrounds, common for both analysis:

e Misidentified J /4): continuum J /) background from J /1) + /e system.

e Misidentified third muon: it can be caused by 7t or K hadrons due to decays-in-flight or

punch through calorimetry and a steel absorber of 3.3 interaction lengths.

e bb background. The J /1) and I T originate from different b jets in same event.
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CDF Run Il Preliminary: ~1 fo CDF Run Il Preliminary: ~1 o

J/y+Fake nu
- Data
— Total Fit
i — J/y Signal
- 95% Upper C.L. — Fake Jiy
[ Fit prob. = 0.77

Muon Fake Rate
S
(6)]

|

i

B T T 5000 0 5000
Hadron p; (GeV/c) Pseudo-Proper Decay Length (um)

Backgrounds, specific for each analysis:

Backgrounds, continue

Left: probabilities to mimic a pt
e D*t — Doxt — K—ntnt
for T and K

e A° — ptm~ for protons

Right: ct™ model for misidenti-

fied third muon background

lifetime Ccross section

Other modes of B with 34 in final state: ¥ (2S)pu™.. — J/vp | included | subtracted

Misidentified e™ - if 7w / K /P satisfied e likelihood (calorimeter) yes n/a

Residual conversion - electrons from ~y-conversion or w° — et+.. yes n/a

Prompt J /1) - additional J /1)1 that are not accounted above yes negligible
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Systematic uncertainties for lifetime analysis

Apply veto if electron is part of ete™ pair.
Top: veto efficiency, determined with Pythia

Bottom: Fit ct™ of reweighted veto events

—®— ¢ from Photon Conversion

0o~ —e— efromn®n,¢ Decays

e*e”Veto Efficiency
5

o
3l

Electron P, (GeV/c)

CDF Run Il Preliminary: ~1 fo”

J/y+Conversion e
- Data
— Total Fit
— J/y Signal
— Fake J/y
Fit prob. = 0.12

A\

E il e N N
-1000 0 1000 2000
Pseudo-Proper Decay Length (um)
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Lifetime systematic uncertainties:

e Resolution function - choice of model for de-

tector resolution: 3.8 pMm

e Pythia model for bb background - relative con-

tribution of QCD processes: 2.4 um

e \ertex detector alignment - uncertainties in

positions of silicon detectors: 2.0 um

e eTe™ veto efficiency - uncertainties related

to modeling e e~ veto efficiencies: 1.5 um

e B spectrum - variations of K factor distri-
bution due to of variations in B, production

spectrum: 1.3 um

Total uncertainty: 5.5 (syst) um
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B - lifetime fits

Background sizes were constrained to it's predicted values. Prompt J / 1) allowed to float.

CDF Run Il Preliminary: ~1 fo” CDF Run Il Preliminary: ~1 fo’

Data - J/y u = - Data-Jye
—— Total Fit i —— Total Fit
—— Signal - —— Signal
—— bb - — bb
—— Fake Muon i 5 —— Fake Electron

g i Fake J/y
Prompt J/y - i Residual Conversion
Fit prob. = 0.51 . Prompt J/y
- i Fit prob. = 0.70

| ‘,\‘-“ L[ N \\
W\
NN | T

SN

10 I ! \":\ \ \:"\ | ASR \\\ 10 I \\ \ ‘I:'.‘ \ \ \\\

'2 I ol 1 \\" il Ll '2 [ I “\ [ P 1l
-1000 O 1000 2000 3000 4000 -1000 O 1000 2000 3000 4000
Pseudo-Proper Decay Length (um) Pseudo-Proper Decay Length (um)

Fitted ct™ for muon (on left) and electron (on right) channels.

ct, = 179.11520(stat)pym ¢t = 121.77180(stat) pm

combined: e (B) = 142.5715¢(stat) £ 5.5(syst)um
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Lifetime: comparison with other results

CDF Run Il Preliminary: ~1 fo'

Averaged for World Average
Combined for CDF 1l J/y+l (1 fb)

— World Average

CDF Run |, J/y+l

DO, J/y+u (1.35 o)

CDF Run II, Jiy+e (1 fb7)

CDF Run II, Jhy+p (1 f07)

CDF Run II, Jiy+l (1 fb™)

Average =137.7£11.0um

] | ] ] ] ] | ] ] ] ] | ]
200 250 300
B, ct (um)
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B

C

Backgrounds for B} — J/1u™ decays and BF
excess with the pr(3p) > 4 (6) GeV/c cuts.

pr(BF) > 4GeVic

pr(BF) > 6 GeVic

N(Bj) observed

229-+15.1(stat)

2141-14.6(stat)

Misidentified J /1)
Misid. third muon
Doubly misidentified
bb background

Other decay modes

21.513.3(stat)
55.81+2.0(stat)
-8.810.4(stat)
37.747.3(st+sys)
5.240.5(stat)

20.513.2(stat)
53.611.9(stat)
-7.510.3(stat)
35.447.0(st+sys)
4.810.4(stat)

Total background

111.418.3(stat)

106.918.0(stat)

BgL signal

117.6 + 17.2(st)

107.1 + 16.7(st)

Note: “Doubly misidentified” is a subsample of misid. J /1) and misid.

muon samples, it needs to be subtracted once to avoid double counting.

Upper plot: B;" — J/?,bu"' candidates. Monte Carlo sample and

backgrounds are superimposed. Lower: backgrounds are subtracted.
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Events/(0.25 GeV/c)

Events/(0.25 GeV/c)

backgrounds for cross section

CDF Run Il Preliminary: ~1 fo”

® Data

Misid. Muon
B Misid. Jiy
[

B, Monte Carlo

Probability = 0.72

-!Lygﬁg

6 8 10
Jhy+ Mass (GeV/c?)

CDF Run Il Preliminary: ~1 fo”

e - Data
0 - B, Monte Carlo

Probability = 0.52

Jhy+ Mass (GeV/c?)
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Relative efficiency, €,.¢;

Relative efficiency €,¢; = €g+/€ B

CDF Run Il Preliminary: ~1 fo”

Probability = 0.77

e MC simulations of Bf — J/¢yu*v, B — voms
Bt~ and BT — J/¢¥ K™ decays need as in- :
put:

— pr dependence of Bj production spectrum, we ;
used it from PRD 72,114009(2005) ][

: + +

_ _|_ . cCo v Ly .
pr dependence of B production spectrum, we 0 o o

used it as at JHEPO7,033(2004), gOOd agree- CDF Run Il Preliminary: ~1 o

ment with CDF measurements * - Data

0 - Monte Carlo

pr(B) > 4GeVic | pr(B) > 6 GeVic
ep+ (%) | 0.0551 0.1232

ep+ (%) | 0.3231 0.6005

€,  |5.867 + 0.068(st) | 4.873 + 0.060(st) O e
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BZF systematic uncertainty for cross section

e Misidentified J /1): as this is derived from data, we do not assign a systematic uncertainty.

e Misidentified muon: we calculate the uncertainties by varying the proton fraction in the

J /1 + track sample. This is a dominant source of uncertainty.

e bb background: we combine statistical and systematic uncertainties in the fit of the scale

factors and their correlations. It included in the B;F statistical uncertainty.

e Other decay modes: we calculate the uncertainty by varying the branching ratios of the

non-exclusive BX — J /¢ + p* + X decays.

pT(B) > 4 GeV/c pT(B) > 6 GeV/c
Misidentified muon | £5.7 +5.5

Doubly misidentified | 0.9 +0.8

bb (illustration) +7.3 (st+sys) +7.0 (st+sys)

Other decay modes | 750 s

+8.3 +7.9
Total —6.4 —6.1
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e B lifetime: it was estimated by varying the B! lifetime within £14pum (~ 1o) relative
to the nominal value

€1 Systematic uncertainty for cross section

° Bj spectrum: we estimate variations due to of three different theoretical approaches

e BT spectrum: re-weight the simulated spectrum below 10 GeV/c to bring it into
agreement with the data

e 11K simulation: re-weighting the transverse momentum of the kaon and muon according to
the measured differences in data

pr(B) > 4 GeV/c

pr(B) > 6 GeV/c

B lifetime
_|_

B spectrum

B spectrum

M, K simulation

+0.393
—0.223

+0.720
+0.340
+0.192

+0.354
—0.160

+0.298
+0.161
+0.160

€rel total systematics

107222 40.720(spectrum)

10 579 +0.298(spectrum)
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to B

ratio results

pr(B) > 4 GeV/c

pr(B) > 6 GeV/c

117.61+17.2(stat) 153 (sys)

107.14+16.7(stat) 729 (sys)

2333155(stat)

2299453 (stat)

5.86710.068(stat)

10:220(sys)10.720(spectrum)

4.87240.060(stat)

+0:378(5y5)3:0.298 (spectrum)

0.295 4 0.040(stat)

H0-052(sys)£0.036(spectrum)

0.227 £+ 0.033(stat)

+0-022(sys)1-0.014(spectrum)

Previous CDF measurements:

L,pb—1

pr(B) value

R~ o(BS)-BR(BF —J/¢y+1t+v)
~ o(BT)-BR(BT—J/¢p+KT)

Runl, e+ p | 110

pr(B) > 6GeV/c

0.13210:052(s)0.031(sys) 70 oaa(lt)

Run I, p 360

pr(B) > 6GeV/c

0.245 4 0.045(st)10.066(sys) o oaa(l)

RunlIl, e 360

pr(B) > 4GeV/c

0.28240.038(st)=-0.035(y)+0.065(a)
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B . total cross section

Available quantities:

Predicted BR(B} — J/¢ 4+ It + v) =2.07 X 10~ 2, PRD 73 054024 (2006)
BR(BT™ — J/v¢ + KT) =(1.007 £ 0.035) x 10— PDG, 2008
o(B1)=2.78 4 0.24 ub for pr(B™) > 6 GeV/c by CDF PRD 75:012010,2007

Then we might calculate followings:
o(Bf)- BR(Bf — J/v¢ + 1T +v)=0.64 %+ 0.20nb pr(B}) > 6 Gevic)

+\ _ 0.227x2.78ubx1.007x10™3 o4 _
o(B.) = 2.07x10~2 =312

Predicted o (B + B):

- 10 nb pr(BF) > 6 Gevio)

Vs, TeV | |y| pr, GeVic | o(BY + BY)
Chao-Hsi Chang? 1.96 <06 |>4 23.3 nb
Phys.Lett.B605(2005)311 | 1.8 <1 > 6 7.4+ 5.4nb

1Chao-Hsi Chang, “Bc Production at Hadron Colliders” Sino-German Workshop, Sept. 20-23, 2006, DESY
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conclusions

Prior to LHC data CDF is a major contributor to B;F property studies:

® mass measurements
m(B1)=6275.6 £ 2.9(stat) + 2.5(syst) MeV/c?, PRL 100,182002, 2008

e decay properties:

ct(B) =142.5723(stat) £ 5.5(syst)um

e production properties (for pr(B) > 6 GeV/c):

o(BT)« + +1p
- B T ey = 0.227 & 0.033(stat) 70 34(sys)=£0.014(spectrum)

-o(B})-BR(B — J/¢+1" +v)=0.64+£ 0.20nb (free from predictions)
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