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e Many interesting B-decays have neutrinos in final state

e Analysis of such decays is possible via reconstruction of the other B in the event
(called the tag B)

e Such recoil analyses (B — (D)rv, B — K/mvv, B — vv(y), B — 7T,
B — flv(y)...) comprise a very important part of SuperB physics program

e Usually these analyses dominated by backgrounds, typically by similar decays with

lost particles (e.g. B —

Tv with lost ¥ decay products)
e |t makes sense to try to catch as many decay products as possible

e Hence backward calorimeter
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B — T1v, Decay

TH & @ Nelvana

e The tag B can decay either hadronically (fully-reconstructed hadronic tag) or

semileptonically (only-neutrino-missing semileptonic tag)

e The recoil B — 7v,, then either 7 — ev v, or 7 — pv vy or 7 — mr,: 1-prong
decay (other decays also possible but we do not consider them now)

e Signature: the reconstructed tag B + one track + nothing else in the detector

e Background: any process that may resemble this signature due to lost decay
products
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Possible backgrounds:

Decay Lost particles BF BF ratio [ "7
Signal Bt — 77v, | - (1.4 4+0.4) x 10~* 1.00
Bt — D%y, DO decay product(s) (2.24 +£ 0.11)% 160
Bt — D*0gty, D*0 decay product(s) (5.68 = 0.19)% 406
BT — D n¢ty, | D™ decay product(s) and 7+ (4.2 £0.5) x 1073 30
BT — D* w4y, | D* decay product(s) and 7" (6.1 £0.6) x 107° 44
Bt — D*0¢Ty, D**0 decay product(s) a few % O(10?)
BT — 7%ty 7V photon(s) (7.7+£1.2) x 107° 0.55
BT — ntTy, 1 photon(s) (6+4) x107° 0.43
BT — n'tty, n' decay product(s) (1.7 4+ 2.2) x 107° 0.12
BT — wity, w pion(s) (1.3 £0.6) x 10~* 0.93
Bt — p% Ty, p" pion(s) (1.28 +0.18) x 10~ * 0.91
BY — D ¢ty D™ decay product(s) (2.17 £ 0.12)% 155
B — D* ¢ty D™~ decay product(s) (5.16 £ 0.11)% 369
B® — DOn 0"y, | DO decay product(s) and 7~ (4.3 4+0.6) x 1073 31
B — D* ¢ty D™ decay product(s) a few % O(10%)
B — p tv p~ pion(s) (2.47 +0.33) x 10~* 1.76
B — nlv T (1.34 £+ 0.08) x 10~* 0.96
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Analysis Strategy

e Generate signal MC
e Reconstruct the tag B
e Make sure there is exactly one extra track
e Obtain signal B yield
e Generate background MC
e Apply the same B reconstruction procedure
e Obtain background B vyield and signal-to-background ratio
e Repeat for different detector configurations (xml files) to see the effect:
— “SuperB with backward EMC"
— “SuperB without backward EMC"
— "“BaBar (no backward EMC)"
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Signal MC

TH & @ Nelvana

e Use FastSim v04
e Generate 10K signal events:

— Tag BT — D%, DY — K*x~ (simplest hadronic tag for the moment)
— Recoil B~ — 77U,

0 77 — ever,

U 77 — uv,vs

L 77 = 71 v,
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BT Reconstruction

e Use BtaTupleMaker to make D — K out of two tracks (GoodTracksLoose list)
with the aid of Cascade fitter with Geo constraints

e Add one more track (GoodTrackLoose list, Cascade fitter, Geo constraints,
5.2 <mps < 5.3 GeV, —0.1 < AE < 0.1 GeV)

e Ntuple level:
[ Require 1.84 < m(D) < 1.89 GeV
[1 Require nT'racks =4
[1 Check if there is only one B candidate per event

e Compute extra (not associated with any track) energy Eeytra = Y E(7;), where
~v; - photons from CalorNeutral list, F(v;) > 30 MeV
e Obtain B yield as a function of the cut on F_.4q
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Background MC

TH & @ Nelvana

e First we will concentrate on BT — 7%

e Generate 10K background events:

— BT — DO, D% — K7~ (again, simplest hadronic tag)
- B =7l =e,u,T
[1 No constraints on 7 decay

e Apply the same tag B reconstruction procedure

e Apply the same requirement of exactly one extra track (nTracks = 4)
e Again, obtain B vyield as a function of the cut on E. ¢y,

e Obtain the signal-to-background ratio as a function of cut on E. g
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D mass and number of tracks

TH & @ Nelvana
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e Pay attention to log scale in all the plots above
o Cut: 1.84 < m(D") < 1.89 GeV/c?
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B mass
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o Cut on m(D") keeps ~70% of the events

e Cut nTracks = 4 reduces this number to ~65 — 60%
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Photons
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SuperB with/out bwd EMC

TH & @ Nelvana

Now let's plot B yield as a function of cut on E, irq:
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SuperB seems to work twice as better with the backward EMC than without (for given decay modes)
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BaBar/SuperB

TH & @ Nelvana

Same ratio for BaBar:
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Both SuperB and BaBar seem to work equally well without backward EMC
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Bt — D®%p, modes

TH & @ Nelvana

e Large BF mode (O(10%)x)

e Supposed to loose all D*Y decay products (doesn’t happen too often)

e Cut nT'racks = 4 removes almost all the events

e The remanining a few percent are comparable to the signal, taking into account
large BF

e Generate 500K background events:
— BT — DO, D% — K7~ (again, simplest hadronic tag)
- B~ = D%y l=epu,T
[0 No constraints on DY decay

e Same for D*"

e Again, apply the same tag B reconstruction procedure

e Again, apply the same requirement of exactly one extra track (nTracks = 4)
e Again, obtain B yield as a function of the cut on E . ¢yq

e Again, obtain the signal-to-background ratio as a function of cut on E. ¢
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B~ — D%y
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e Pay attention to log scale in all the plots above
o Cut: 1.84 < m(D") < 1.89 GeV/c?
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B~ — D%y
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o Cut on m(D") again keeps ~65% of the events

e Cut nTracks = 4 reduces this number to ~4 — 5%
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Photons
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SuperB with/out bwd EMC

TH & @ Nelvana

Again, let’s plot B vyield as a function of cut on E.ysrq for B~ — D 0v:
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SuperB works about 50-60% better with backward EMC than without
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BaBar/SuperB

Same ratio for BaBar for B~ — D%uv:

TH & @ Nelvana
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SuperB is doing a little bit better than BaBar without backward EMC
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e yield 7800 T T T T T ce yield Vv T T T T T
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SuperB works about 60% better with backward EMC than without
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BaBar/SuperB

Same ratio for BaBar for B~ — D*¢u:

TH & @ Nelvana
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SuperB is doing a little bit better than BaBar without backward EMC
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Plans

TH & @ Nelvana

e Include other signal and background decays of recoil B
e Include other hadronic decays of tag B

e Include semileptonic decays of tag B
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