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Big Picture : Why A, Baryon?

A 1Py =02

!(JP) not yet measured; 0(5 ) is the quark model prediction.
Mass m = 5624 £ 9 MeV (5 = 1.8)
Mean life 7 = (1.220 + 0.080) x 1072 s

cr =368 um
A} DECAY MODES Fraction (T/1)
JI(28)A (11228) x 1074
- /1+ T seen
Aj— a1(1260) seen
- Aj [~ Upanything ] (9.2+21)%
pT <50 x107
pK- <50 x107
Ay <13 %1073
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® Heavy Quark Effective Theory (HQET)
simplifies the calculation of b-hadron BR
> Assuming my, >> Aqcp
» Corrections expressed in the power
of 1/m, and a¢(my)

B Spin of light degrees of freedom = 0, sub-

leading order corrections are simpler than
those of b- mesons.

¢

s=0
B(A, = AL v)™ =6.6 %
B(A, = Atz )™ =0.45%
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@(Ab —> ACMU)/(b)(Ab —> ACTC) ?

B Four charged tracks in the final state
B Data come from the same trigger, most systematics cancel.

B Control samples: similar decays in the B meson system
B(B° > D*uv) . B(B° > D™ uv)
— an — —
B(B° - D*x") B(B° > D™ x")

F Relative BR is the yield ratio corrected for the efficiency, e.qg:

TC K
L -
Q}(j\ b A MV ) . N Ab—ez\cyﬁ'yté;Ab—»z\cﬂ
+ - B P
B(A, > A ™) NAb—)ACﬁngb—)Ac,uv_ A ®
b c +
But since we can not reconstruct neutrinos, several backgrounds ‘:,.-:'_'_ C :
can fake our semileptonic signals in the data .... P.V. d
Ay > Ag
\ 4 g A\ - pK'=*
+ = = —
B(Ay, > ALuv) (NBmiX_H\cyx Nbg)ngb»Acn
— —
B(A, > Azm™) N oo saz XEA A ur
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CDF Detector & Trigger

Central Calorimeter (EH)

® Silicon Tracker Ceptral Mion

Wall Calorimeter (H) /
> Inl <2 _

e

vertex ~ 30 Mm Plug Calorimeter (E/H)

Forward Mugn

B Central Outer Tracker
(COT)
» 96 layers drift chamber,
up to |n|~1
> csPT/PT~ 0.15% P+

] Muon Chamber Forward Calorimeter (E) \ /
» 4 layers drift chamber Luminosity Monitor
outside the calorimeter Time of Flight
.' |n| < 0_6 entral Outer Tracker

B Two displaced-track trigger
»pr > 2 GeV/c, 120 um = d, = 1 mm,
L,, > 200 um,X p; > 5.5 GeVic

» 150 M events analyzed for this V:
measurement
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Control Sample BY = D*X, o~ por, 0o s ke

Inclusive Semileptonic Signal
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N =1059 + 33

v*/NDF=107.7/93
prob = 14.1%

M(D’r)- M(D") [GeV/c

Hadronic Signal

Background shapes come from MC

Events/ 20 MeV/c?

~l
o

CDF Run Il Preliminary

B D'
60 5 D+
50- — Kt
N=106+ 11 ¥2/NDF=20.7/12
40 prob = 5.4%
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Control Sample BY — DX, D* — Kn* *

Inclusive Semileptonic Signal Hadronic Signal

Background shapes come from MC

CDF Run Il Preliminary 173 pb CDF Run Il Preliminary~
~ 180

!0 B D uX O, ] B'= D —8 - D'p/D*T
S . s D' J160{P YT
%1400‘ ..... D reflection e JLK-W - %1 n N B DX
>1200- 1 N=579+£30 7 TNDF=80.0/91
10 N=4720£100] o©120; orob = 78.9%
1000 SR
B, ~100
S o 5 oM,
g S ol 1M
4001 | Hao i
200 v2INDF=34 4/31 20- ﬂ)\ {
oo, PIOD = 30.7% 0._——/"' | | * . :
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Signal Sample A, —> AX A Spkr

Inclusive Semileptonic Signal Hadronic Signal

Background shapes come from MC

200 CDF Run Il Preiminary 173 pb . CDF Rup Il Preliminary  173pb
o — 0250 YINDF=122.9/111
> 600; miX _ > prob = 20.7%
0 - pK7H 02001
= 5001 S
¥ 400 Q150
? 400'+ F N
c 300 + 1 9400
S N=1237297 | &

Lﬁ 2001 = T c|>_)
100 INDF=47938 | ] 20
prob = 13.0% .. e,
oL . . . QLA T e
2.2 2.25 2.3 2.352_ 5 55 6 65 27
M(pKm) [GeV/c” M(A.) [GeV/c]
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June 23rd,

MC and Data Comparison. Before

B We used MC to obtain relative efficiencies of signals and backgrounds.
B Compare MC and background subtracted signal distribution in the data.
¥ Tune our MC if MC and data disagree, e.g: P1(Ap), M(A w)

300
50 -=-Data
-+MC 250
40 +’t
e rob:0.0000
30 prob:0.0024 150
100 +_
20
) 50
10T (1) I 0 R
' -50
3 50._:: t I 1 I 1 t 1 + I 1 1 '3 4
5t 2
af %/ ndf 1.861/8 < 35 31.15/ 11
2 GlLL bk & GF Prob 0.001044
2.5F po 1.844 +0.229 g po 2.872+0.5068
of P! -0.06759 = 0.01499 = 25 -0.4233 +0.1072
2
1.5
1
o 0.5
PP EPEPErS BPEPErS BT ErS BPErrS BPErArE APArarS Srrare A
10 12 14 16 18 20 22 24 T w e

2005

2.5

P(A,)[GeV/c]
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MC and Data Comparison . After

705_ ‘ ‘ - Data 18C;‘ = Data
E | —MC 160 —MC
60F Prob:43.8% 14 : K
505— e e 12(:;_ Prob:79.3%
40F 100
30F 28;
20 405——-I—
10F 20:_
(|8 ISP PPN SR BRI o S Obloeatoey i
5 10 15 20 25 30 6 8 10121416 18 20 22
P(B°)[GeV/c] P.(A,)[GeV/c]
80_ = Data FrrOb 18.7% 35C 12(:5_
oM l ‘, ‘ ‘ 300 0g-
gg; 250 o
é 200 ]
40 F 60L
30F 156G :
20F 1o || 40t |
10 50 | 20p
0'. ..................... L. 0:' NN PR IS TS P = oL A
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Where Are the Semileptonic Backgrounds from?

: — A AT
E Physics Background NV
» b-hadron decays into a charm, — A= A 2635 v
iy . —Ab—> Acfup\'a'
a p and additional particles, N, = A Ay
e.g: S e i Monte Carlo
—_— St Vi it V!
A b —> AJ; (2593 )/,l | 4 0 - AE—)E;IL'JW
= T —— A= Io) Ty
— 3 +
—> AJ;7Z+7Z' g 10 E_ ' Ab_"\G:_I_’_l_g—“ I__|_|_
» Reduced by the M(A.u) cut E“ﬁ ;
» Normalize the amount to the T 102 = | —— |
measured hadronic signal g E = — =
1] i ‘ [ . |
N Z @physics X gphysics 10 3 == E|= —
physics 5 .
I\Ihadronic (Bhadronic X Ehadronic 1 ;— B l i an s
EI|IIII|IIII|IIII|IIII|IIII|IIII|I
»BRs come from PDG, 2. 3 3.9 4 45 ) 5.5
theoretical estimate and 2
preliminary measurements M(Acu)[GEWC ]

»~10% contribution

June 23rd, 2005 Shin-Shan Yu 11



First Observation of A, Semileptonic Background

B Estimated the BR based on the observation

2.6

mass

2.5+

2.4+

2.3

2.2
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L -type
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30f
20
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M(Ac)-M(A,)
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N /2 MeV/c?

A D>Z 7 X
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How to Obtain 8A, > A n)?

B Make use of ious CDF measurements
BA, >N.7)

)

=0.82+0.08(stat)+0.11(syst)£0.22 (A, BR)

CDF Run | 0.236+ 0.084

E A, MC P; spectrum using fully reconstructed decay was not available for CDF |

= Correct the CDF | f ., 4../fy USINg measured P spectrum

» Acceptance correction
» Different P thresholds affect the ratio 10 GeV/c vs. 6 GeV/c

o, (P. >6Gev/ +0.19
1, (Fy >6ece a=0.56i0.20(stat+syst) (pT)
0,0 (P; >6evi) —011

BN, >N )= (O 41+0.19(stat+ syst) (pT)j %
/

Consistent with the prediction 0.45% (Phys. Lett. B586, 337)
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How to Obtain 8A, > A_.n)?
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Where Are the Semileptonic Backgrounds from?

B Muon Fakes
» p, K, n fake muons

» ctand muon d, cuts suppress prompt fakes
» Our fakes mostly come from b decays

» Weight “A.+TRK,; " events with the ¢
» p, K, © fractions from the inclusive B MC
>

~5% contribution

Fraction of ©* Faking p vs. P (7*)

6

5F

af- e

Rl

Fraction of n* Faking p (%)

Il l i L
8 10
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Where Are the Semileptonic Backgrounds from?

¥ QCD bb, T Pair Production:

» charm and p from different b- or charmed hadrons
Suppressed due to the ct and P(n) cuts

Rely on Pythia MC
Most sensitive to gluon splitting
~0.2% contribution

vy ¥ v ¥
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Inclusive Semileptonic Sample Composition

Y 1.2% 4.3% _~0.9%

=
A4

Bmix — AC'UX Bmix — D+,le Bmix — D*+ILlX

40.0%

M Signal @ Physics [0 Fake mu Bccbar,bbbar
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Consistency Check

BR(A,— AILV)/BR(A,— AZT)

— N W B

o o o o o
I — 1 1 11 N I
: Run<156487 } —
: Run 159603-16430 .
E Run 164303-166328} S
» Bun 166329-167717} -
‘trkzatCMUS 0em =TT -l
c trkzatCMU<0 cem | _
CTAvertex x > Qem | T AT e UrrTTnmmmmmmmmmmers
A vertex x =0 cm | P —
tdtrkvertexz > Ocmfp e Tt
s 4-trk vertex z <0 cm |- ————
P4 tks)>12GeVicp - B
P4 trks) <12 GeVic | ——
:'""F‘T'(Z&C')'S-'é'c';é'ﬁfé LT e T
e T SBOEVICE e s SO
v cr(4 trks) > 0.04 cmf— — e
e LS Y ROl e, o=
v ct{A;) > 0.005 cm} —e
: ct(A;) <0 005 cmp —
-""Eé'l'frk'ﬁfw'éﬁ'ﬁ e SRR < s s s e
S SRLY ET] . ...............e......
E 05 <A 1, <14} —
' Ay, <051 —
:'?ﬂf'.é::'h}]\'c;é'ﬁ.?'ééwg S B
1 37<M,,<4.3 GeV/d } ——
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Dominant Systematics

B Physics background and hadronic signal branching fractions
> Measured: from PDG

» Estimated or Unmeasured
» multiply the BR by 2 0or 0

B Mass fitting model
> Vary the constant parameters in the fit
» Several background shapes come from inclusive MC
» vary BR of the dominant decays

B MC modeling of acceptance and efficiency
> pT spectrum

» affect the efficiency and B (Ab —> ACTC)
> A, and A, polarizations
» reweight the angular distribution according to the polarization states

= A, semileptonic decay model
» size of the independent MC for reweighting the phase space distribution
» uncertainty on the predicted slope parameters for the Isgur-Wise function

June 23rd, 2005 Shin-Shan Yu
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Uncertainty Summary

Physics background and
hadronic signal branching
fractions

MC modeling of efficiency
and acceptance

June 23rd, 2005

fractional uncertainty (%)

B( A, > AN uv)

B(B° > D uv)

B(B° > D uv)

B(A, > AN;z) | 3B°>D'z) | 83B°>D"x)

Measured BR +3.5-105 | +82 £2.3

Estimated BR +2.5 +9.2 +6.2
CDF Internal

Mass fitting + 3.2 +4.1 < 0.1

Muon fake +0.9 + 0.7 +0.4

(| Pt spectrum +1.4-2.5 +3.2 +2.2

CDF material + 1.1 +1.7 +1.3

e scaling +04 +0.5 +04

bb,cC +0.2 +2.2 +1.3

A, . polarizations +1.9 - -

A, Dalitz +0.4 - -

A, lifetime +1.1 - -

. | A,decay model +2.9 - -

+ 6.0 +6.1 + 3.4

Statistical +15.0 +10.2 +13.0
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Control Sample Result

B(B° > D uv)

B(B° - D*z")

Consistent with the 2004 world average 7.8 +1.0 at the 1loclevel
New world average ratio 8.3 £ 0.9

=9.8+1.0(stat) £ 0.6 (syst)+ 0.8 (BR)+ 0.9 (UBR)

B(B° > D uv)

BB’ - D7)

Consistent with the 2004 world average 19.7 1.7 at the 0.7c level
New world average ratio 19.1 £+ 1.4

=17.7+2.3(stat) = 0.6 (syst) = 0.4 (BR) + 1.1 (UBR)
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Signal Sample Result

B(A, > N uv)
B(A, > N.z™)

+ 0.7
= 20.0+ 3.0 (stat) £ 1.2(syst) 51 (BR) £ 0.5 (UBR)

¥ Experimental Uncertainties
dominated by:

|

CDF Preliminary |
» Data sample size

Huang > B (Ap — Acn)
hep-ph/0502004

}

» CDF Run | o, on/fd
->

Jenkins, Leibovich, Liget, | » B(A->pKn)
Stewart, Wise .

Phys. Lett. B586, (2004) 377.[

JI.I.JI.JII.JI.III.JIIII.IIIII.IIIJI.JIIJ
10 12 14 16 18 20 22 24
BR(A,—=ALVYBR(A,— A T)

I]lljl.
6 8
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B\, = A, nv)?

Combined the ratio of BR and BA, -A_r), we have

KA, — N V) =(8.1J_rl.2(stat):r i';(syst)i4.3 (BA, —)Atrf))j%

Consistent with DELPHI result (Phys. Lett. B585, 63)

+1.1
B(A, > A*Cy‘V)DELPH' = [5.0

+1.6
stat syst) %
(0.9 1D _y (&Y )] ’

Weighted average

BA, — N1 v)"ORP=(5,5+1.8(stat+ sysh) %o

Also in agreement with the theoretical prediction 6.6% (Phys. Lett. B586, 337)
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B |V,| Exercise

dr(Ab;IZAc,U‘_/) =G-’Vcb‘2 . K(qz). Tz(qz)

» Plug in the weighted average and the theoretical slope parameter of the ISGW
function into the formula for B (A,—>A_ 1)

A, |V, |=0.0380.006 (exp) £ (0.002 ~ 0.006) (theory)

Consistent with the |V, | from HFAG 2004 measured with B->D*lv decays
(hep-ex/0412073)

B meson |V, |=0.0414+0.0010 (exp) £ (0.0018) (theory)
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What Do We Know about A, Now?

Mass m = 5624 £ 9 MeV (5 =1.8)
Mean life 7 = (1.229 £ 0.080) x 10712 s
cr = 368 pm

AD DECAY MODES

b

Fraction (I';/T)

1/¢(18) A
ﬂjﬂ_

AT a1(1260)
A v

A(2593) * (v
A(2625) (v
2. lo
DIRE AV

June 23rd, 2005
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(4.7+2.8) x 104
(4.1 £2.0)x 103

seeaen

(5.5+ 1.8) %

<. 5.0
<. 5.0
< 1.3

seen
seen
seen
seen

o 10_5
o ID_E'
o 10_3
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MC Tuning

S
& 1
|—<°
08— —» Flat phase space
0.6_—
04|
0.2_—
N P T TP TP TP P s e o e AP PP P B
0 02 04 06 08 1 12 14 16 18 2 22 C© 11—
T, (GeV) =
= [
0.8_—
4@9?
: <« -
Form factor weighted 04l
0.2_—
o] B e B B i e s e i L
0 02 04 06 08 1 12 14 16 18 2 22

T, (GeV)
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A, Polarization

an ocl+P, CosO® N
dcos® A P(A,)

P(Ap)

P(p)
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