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i‘ﬁ The X_System in B — X «Decays VE@:
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BR(B— X v)~10.5%
+ In addition to the “well” measured D™ states, there are D*
the D** states, orbital excitations of the D-mesons
¥+ Heavy Quark Symmetry predicts 4 D** states, 2
narrow and 2 broad, all observed in hadronic decays
+ The naive assumption X =D+D*+D** is contradicted

by the experiments that show a 10-15% difference D**
between direct measurements of the inclusive Xcév rate

and the sum of the D/D*/D**¢v rates
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+ Use D** as nickname for states D"(nx) with n>0 including:
+ Narrow resonances D , D *

» Broad resonances DO*, D1'
+ Non-resonant?

#» Need help from hadronic B — D**n to
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» Clean samples of B — D™név events in both BaBar and Belle analysis,
similar techniques and excellent agreement in the measurement of

branching fractions B(B~ — D(*)+7r€_z7g) = (1.55 £ 0.10)%
HFAG 2009

B(B° — D™%¢~p,) = (1.38 + 0.14)%
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? B — D**4 (BaBar)

>§v :0808.0528 [hep-ex], PRL 101,261802(2008)
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» Reconstruct B —» D™r'lv in events tagge
by hadronic B

» Simultaneous fit to M(D™'z)-M(D™)) ,
including cross-feed

» Background yield constrained from fit to
M. shape checked on wrong-sign data

combinations
» Large rate for broad states!!
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Decay Mode B(B—=D"{i)x B(D* — D™a)% = v
B~ — DYy, 0.29 + 0.03 + 0.03 8>
B~ — D% i, 0.22 + 0.03 + 0.04 g
B~ — Dt~ 0.27 +£ 0.04 4+ 0.05 z"
B~ — Dy 1=, 0.26 + 0.05 + 0.04 a5
BY — D't~ i 0.27 4+ 0.04 4+ 0.03 30
B" — D3 (" iy 0.10 + 0.04 £ 0.03 »
BY — DF (- 0.31 £+ 0.07 + 0.05 b
B — D3t e, 0.44 + 0.08 + 0.06 5
0

~ m{D"'x)-m(D") [GeVic]]

David Lopes Pegna 5 29 October 2009



¥

B — D**4 (Belle)
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B(mode) = B(B — D**fv) = B(D** — D")gt) b oo ?
Dr invariant mass study <0 e,
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» Hadronic tag analysis from Belle MD"™ ) Sevic
» Similar technique to BaBar, independent fits for different final states

» Confirm signals for narrow D_and D, sees only broad D *, no D'
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oy Comparison BaBar-Belle

Decay Mode | Yield | B(B— D*¢ ) x B(D* — D"'x) %(BELLE) | BABAR Yield | BABsR Branching Fraction
D7 invariant mass fit

B= — D&”f‘ﬁ’f
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B= — DVt i <007@¢§ 42 + .
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» Result for the Dﬂ* broad state consistent between BaBar and BELLE
» BaBar observes the D1', not present in the BELLE data

» Narrow D™ results consistent with preliminary untagged BaBar results
and DO measurement (PRL 95, 171803 (2005)).
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%'B — D**ay (Narrow States,BaBar
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ArXiv:0808.0333 [hep-ex], PRL 103,051803(2009)
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Fit D*n-D invariant mass distributions in 4 helicity bins, maximize D -D,

separation, also measure (D, —Dmx)/8(D,—D*r) and D, polarization
B(B™ — DYtyy) x B(DY — D* ™) = (2.97 £ 0.17g4¢ + 0.175p5) X 107°,
B(BT — D% vy) x B(Dy) = DW*Tr7) = (2.204 0.23tar £ 0.215ys) X 1072,
B(B® — D £Tv) x B(D] — D*“ T) = (2782 0.24¢at £ 0.255) X 1072,
B(B® — D~ {Tvy) x B(Dy~ — D7) = (L1774 0.265a5 £ 0.115y5) X 1072,
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D’Cons:stency the big Picture ..
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» Excellent agreement of the most precise measurements, in particular the
tagged and untagged Babar analysis
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» Situation more complicated for the broad states
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!f Comments

» BaBar and Belle measure &B — D™*'atv) ~ 1.5%
» About 0.6% of this rate is due to the narrow D1 and D2 states

» What is the rest?

» BaBar measures about 0.9% for the broad states (an old
measurement from Delphi is in agreement with the BaBar findings),

» Belle agrees for the D *, while it sets a very stringent upper limit for

the D1'

» We are left with 2 puzzles:
The broad rate is in contrast with theoretical predictions (3/2 vs 1/2
puzzle, see also Bigi's talk)
What is the difference between the inclusive rate and the

S Excl(D/D*/D™év)?

David Lopes Pegna 11 29 October 2009



I-'"'::—:-'-

i On the 3/2 vs 1/2 puzzle

» Both Babar and Belle include the possibility for a non-resonant D™
component, finding a rate consistent with zero

» A study of the helicity distribution can be used to confirm/not if the fitted
“broad” component is consistent with the expected quantum numbers

Belle only reports the helicity study for the D _(Dst) and D *(Dz) channels

» Fit of the invariant mass in helicity bins; fit |hely| with theoretical
shapes for tensor and scalar states
Confirm predictions for these two states
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On the 3/2 vs 1/2 puzzle

» The helicity distributions can help in confirm the nature of the
measured “broad” states, but current statistics is a problem

» It was also suggested (l. Bigi) that the measured broad states are
radial excitations (p-wave)

» Also in this case, an helicity study could help, but statistics may be
a limiting factor also for the full dataset/final measurement from
BaBar and Belle
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On the Incl-Y Excl puzzie &
» The most likely candidate to fill the inclusive rate is B — D™*'nzmév ,with
n>1:
» We have already evidence for D** — Dnuwr decays, Belle PRL 94, 221805
(2005)
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¥ BaBar measured the

relative branching }
fraction
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i On the Incl-3 Excl puzzle

» How likely is that we will observe B — D™'nnév decays?

» The hadronic tag is the most obvious choice
» Challenging however, high multiplicity on the SL side affects hadronic tag
selection/purity

» If we assume a rate of 0.2% for B — D, &, D, — D™, we should

see a few tens of events in 1 ab™ of Belle data

» BaBar has a new hadronic tag algorithm, expect about >100%
improvement in signal yield w.r.t. previous BaBar tagged analysis

» Manpower however is clearly an issue at this point in the experiments
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b’ Conclusions

+ Comparing with a few years ago, our knowledge of B semileptonic
decays to orbitally excited D mesons has grown a lot

¥+ However, puzzles remain:
Large rate for the broad components
Large difference between the BaBar and Belle results

Role of D — D™ nit decays

» Measurements are still statistically limited!
Room for improvement
¢ Is it worth?
Yes, systematic uncertainty in [V_ | and |V _|is directly affected by our

knowledge of D** states
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