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Motivation

Charged Higgs Effects

utype

/ Hett = qu {[QW (1 — )] [77.(1 — y5)v7]
) (1 = 25l

dtype ]je

m Observables:

B(B — Drv;) sm M 0097 B* —
B(B — Dlvy) ~ B(B — D*tw)

B(B — D*1v;) sm

R= ~ 0.251
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Effects of Charged Higgs ﬂ(“

a MSSM with Minimal Flavor Violation:

m3 tan? 3
Mz, (14 &tan B)(1 + e, tan 3)

gs=g0pr =

a Inthe type-1l 2HDM:
€c=€¢,=0

m Charged Higgs
contribution (gs) can
have large impact on
branching ratios

Nierste, Trine, Westhoff, arXiv:0801:4938
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Missing Neutrinos ﬂ(“

Exemplary decay: B — D~ 7 (— etvei, ),

Problem: Three neutrinos in the final state

® | B — D7r(— fvv;)v; | signal contains three-neutrino system with
unknown momentum.
a Without further information ...

a ...no useful kinematic constraints to obtain a clean signal
® ...not distinguishable from B — D{v,

Solution: Tagging

tag side signal side

Motivation Principle Measurements Conclusion
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Tagging Methods ﬂ(“

Hadronic Taggin , :
9919 . Inclusive Tagging
a Full Reconstruction of as many Si | Side. then Taa Sid
purely hadronic b — ¢ decays ® >lgnai=ide, then fag side
as reasonably possible. ® Remaining particles in the

a Tag Side, then Signal Side detector form the tag side Biag

m Efficiency ~ 0.1 —0.2%

a Combined with signal side:
Usually manageable

m Efficiency typically larger than
for hadronic tagging

@ Much higher background

levels
background levels
Motivation Principle Measurements Conclusion
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Overview ﬂ(“

Tagging  Measurement Data Sample

Inclusive B(B° — D*~rFv,) 535x 10° BB

Inclusive B(BT — D°r*v,) 657 x 10° BB
Inclusive  B(BT — D°r*v,) 657 x 10° BB

Hadronic R, R* 657 x 10° BB
Hadronic B — Drv, 657 x 108 BB
Hadronic B — D*ruv, 657 x 10° BB
Motivation Principle Measurements Conclusion
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Overview ﬂ(“

Tagging  Measurement Data Sample

Inclusive B(B° — D*~7Fv,) 535x 10° BB

Inclusive B(BT — D°r*v,) 657 x 10° BB
Inclusive  B(BT — D°r*v,) 657 x 10° BB

Hadronic R, R* 657 x 10° BB
Hadronic B — Drv, 657 x 108 BB
Hadronic B — D*ruv, 657 x 10° BB
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B(B° — D*~71*v,) - Inclusive Tagging AT

eeeeeeeeeeeeeeeeeeeeeeeeeeeeee

a Inclusive tagging
» 535 x 10° BB pairs
a Channels:
m B - D7ty
w D" — D7~
@ D° - K—7t (and D° — K~ 770 for electron mode)
a 7" = et
(P 7
a Reference: A. Matyja, M. Rozanska et al. (Belle Collaboration),
Phys. Rev. Lett. 99, 191807 (2007).
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B(B° — D*~7%*v,) - Inclusive Tagging

Inclusive Tagging

Karlsruhe Institute of Technology.

m Tag side improvement: zero total event charge, no (additional) 1./e/p,

residual £ in ECL< 0.35 GeV and Noa,4y < 5 (0N tag side)

Control Channel a)

“o 2 >

© > 175
%, 20 = 5
2 Q s
0 - 1
~

> 1 Z 15

5
25|

RA

Control ¢

nnel b)

it

52 522 524 52 528 53

M,,q [GeV/c?|

06

04 02 0 02 04 06

AE,,q [GeV]

Validation sample B — D*~ 7+

® Ejs = 3 E(particle;), Emis = Epeam — Ep* — Eg/ 7+ Xmis = (Emis — pp* + pe71r 1/

a)
B -> D** | nu
other B decays

02

0.1

Probability / 0.5

°

Probability / 125 MeV
&

7 8 9 10
E,, [GeV]

Signal (blank) BG (shaded)

® Xpis > 2.75,1.9GeV< Epjs < 2.6GeV and Ejs < 8.3 GeV. (e mode)

® Xmis > 1.50, M2, — M2
mode)
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— mf, + mfr > 0, Eyis < 8.3 GeV, p(7prompt) > 0.6 GeV, no K, and < 4 non-IP tracks (7
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]3(30 — D*~71*tv;) - Inclusive Tagging ﬂ(“

40—

@
k=3
T T

N/5 MeV/c?
N
o

L

10;- ~~1T1+1_Fw.

5.2 5.22 5.24 5.26 5.28
2
M,,g [GeV/c“]
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m Signal: Crystal Ball line shape
(CB)

a Background: ARGUS
(combinatorial BG) and CB
(peaking B — D*~ e,

events)
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B(B® — D*~7*v.) - Inclusive Tagging ﬂ(“

Subchannel N, Ngs  B(%) p
D'—K'7m 7t —>ety,p,  19.5738 40 244757 500
D> K'm 7 7t - etv,p, 11.978) 60 1.69%0%% 2.60
D'— K7, " > atp, 29.93_01'0 148 2.02f8;g§ 3.80
Combined 6012 248 2.02704) 6.70
Systematic Uncertainties
m Parametrization of signal and backgrouna
u By efficiency First observation of
m Tracking, neutral reconstruction and PID B — _D*—7-+u,.!
efficiency \ﬁ
\ y
a Intermediate branching fraction

(B(D*~ — D7~) x B(DO — i) x B(tT — ))
® Sum: 18.5% = > = 5.20

Motivation Principle Measurements Conclusion
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Overview ﬂ(“

Tagging  Measurement Data Sample

Inclusive B(B° — D*~rFv,) 535x 10° BB

Inclusive  B(B™ — D°r*1v,) 657 x 10° BB
Inclusive  B(BT — D°r*v,) 657 x 10° BB

Hadronic R, R* 657 x 10° BB

Hadronic B — Drv; 657 x 108 BB

Hadronic B — D*ruv, 657 x 10° BB
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B(Bt — D*)%7+y.) - Inclusive Tagging AT

eeeeeeeeeeeeeeeeeeeeeeeeeeeeee

a Inclusive tagging
® 657 x 10° BB pairs
a Channels:
a Bt —» D7t
Bt — DOt
D*O - DO’/TO
D° — (K—71),(K—ntxO)
T = etv.i,
= o,
wart =t
m Reference: A. Bozek, M. Rozanska et al. (Belle Collaboration),
Phys. Rev. D 82, 072005(R) (2010).
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B(Bt — D*)%7+y.) - Inclusive Tagging

m Tag side improvement: zero total event charge, no (additional) 1/ e/p,
residual E in ECL< 0.35(0.25)(0.20) GeV (depending on the mode),
Nroangy < 6 and N, < 3 (on tag side), < 4 non-IP tracks (m mode),
depending on mode also no K.

m Variables for signal side:

@ Eqiss = Epeam — Episo — Ee/dT

wu E;; = E(particle;)

. Mr?ﬂss = Er%\iss - (ﬁsig - pDF*)O - p; )2

a Xnis = (Emiss - |p5* + pe7W|)/ Egeam - mgo

a E,s >8.3—8.5GeV, Eniss > 1.5 — 1.9 GeV, Xq,is > 2.0 — 2.75 GeV
(leptonic T-decays), Xnis > 1.0 — 1.5 GeV (pionic 7-decays), neutrino angle
(calculated from M2, and g?) in [—1,1] and ¢* < 9.5 GeV?

m BG estimation by simultaneous fits to Miag, AEiag, Ep., Xmis, Evis, q° and R,
(ratio of FWM)

Motivation Principle Measurements Conclusion
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B(Bt — D*)%7+y.) - Inclusive Tagging AK

Karlsruhe Insttute of Technology.

t -

B -> D** e nu
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B(Bt — D*)%7+y.) - Inclusive Tagging

B -> D** e nu

[ ¢

Karlsruhe Institute of Technology.
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B(Bt — D*)%7+y.) - Inclusive Tagging A

Karlsruhe Institute of Technology

%
2100

N/ 4 MeV/i
N /80 MeV/c

a Signal: Crystal Ball line

827522 524 526 528 53 L S T E— shape

M, [GeV/c?] Poo [GeVic]
a Background: ARGUS

L100[-
=z
so n a All components: Sum of
two Gaussians
83 5.25 53 Y05 1 15
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B(Bt — D*)%7+y.) - Inclusive Tagging

Mode N, B(%) X(o)

D97y, 446738(226) 2.12703% 8.8

—56
D°rru.  146753(15) 0.77+£0.22 3.6

Numbers in parantheses: D (D*) signal
events extracted from D* (D) sample.

D%+ . DO+ Fu,

Y =8.10(D*) and
Y =3.50(D)

First evidence for
B+ — D’rtu,!

Source
Npp +1.4% +1.4%
Reconstruction of Biag and Bsig  +12.9% +12.8% ©
Lepton-id and signal selection He% %
Shape of the signal PDF’s +2.5% +6.0%
Comb. and peaking backgrounds +3.3% +2.7%
Fitting procedure +0.8% +1.5%
Total +13.9% +15.2%
Motivation Principle Measurements Conclusion
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Overview ﬂ(“

Tagging  Measurement Data Sample

Inclusive B(B° — D*~rFv,) 535x 10° BB

Inclusive B(BT — D°r*v,) 657 x 10° BB
Inclusive  B(BT — D°r*v,) 657 x 10° BB

Hadronic R, R* 657 x 10® BB
Hadronic B — Drv; 657 x 10° BB
Hadronic B — D*rv; 657 x 10° BB
Motivation Principle Measurements Conclusion
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B — D™)ru., hadronic tagging AT

eeeeeeeeeeeeeeeeeeeeeeeeeeeeee

a Hadronic tagging
a Efficiency ~ 0.1%

® 657 X 10° BB pairs
a Channels:
wa B D 7tu., B = D rtu,
a BT — BOT+VT, Bt — 5*OT+VT
a D — D70 D% and D*t — Dt x% DOrt
a D° > Kot K ntnl, Kntntn— , K- ntntn— O,
Km0, Kertm =, K3n =70
@« D" 5 Ktr Ko na% K3n—
w7t = etver,, 7t — pty, o,
m Reference: I. Adachi et al. (Belle Collaboration), arXiv:0910.4301.

Motivation Principle Measurements Conclusion
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B — D™)ru., hadronic tagging AT

eeeeeeeeeeeeeeeeeeeeeeeeeeeeee

Optimization of the Selection

in B frame
a Cuton Py

= Requirement of no additional tracks and 7°

B — Dlv, and B — D*/v, components ...

m are used to calibrate the background MC simulation
m are used to normalize the extracted signal yields

Fitting variables .. .

a Mr%iss = [p(Beam) - (p(Btag) + p(D(*)) + p(g))]z
a E&?r'a = Z ECanr. - (Z Etag + Z Esignal)

Motivation Principle Measurements Conclusion
00 o 000000000000080000 0000000000000000

Daniel Zander — B — D(*)TV at Belle September 30th, 2012 22/42



B — D™rv_, hadronic tagging

Normalization Sample - 2D fits

—0
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B — D™, hadronic tagging ﬂ(“

Quantity DOrty DOty

N(_E<*>T+u) 98.61353 99.87332

e(DW7Hy) [%)] 6.20 £ 0.08 3.86 + 0.08

R[%] 70.2 150 To° 46.8 1195 773

¥ (Zstat) 3.8 (4.4) 3.9 (5.2)

B (%] 1.51 $04 4022 4 (.15 3.04 1088 +0.40 4 .22

Quantity D—7tv D7t

NDWrty) 17253 25.01%2

(DM 7Fv) (%] 6.86 + 0.09 2.09 + 0.04

R[%)] 47.6 1355 133 48.1 1193 133

2 (Zstar) 2.6 (2.8) 4.7 (5.9)

B[%) 1.01 1045 1043 4+ 0.10 2.56 700 T055 £ 0.10
Motivation Principle Measurements Conclusion
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B — D™, hadronic tagging ﬂ(“

Systematic Errors

Source Drtu[%] DOrtu[%] D rtTv[%] D*rTv[%]
M2, shape +9.10/-7.89 +9.86/-10.7 46.39/-5.78 +5.80/-6.12
EECL shape +10.6/-7.58 +7.01/-9.73 +9.03/-7.27 +9.84/-4.97
D** (v 40.35/-0.41 +0.75/-0.02 +4.50/-2.56 +0.58/-0.28
D < D* cross-feed +7.05/-6.86 +5.12/-5.34 +5.77/-6.01 +3.48/-3.37
B(r — twv) +0.3 +0.3 +0.3 +0.3
Total +15.7/-12.9 +13.2/-15.4 +13.3/-11.4 +12.0/-8.58
Motivation Principle Measurements Conclusion
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Conclusion IT
Tagging  Measurement Result
Inclusive B(B® — D*~7u;) (2.027335 +0.37)%
Inclusive  B(BT — D°r*v;)  (0.77 +0.22 +0.12)%
Inclusive  B(B* — D %r ;) (2127928 1+ 0.29)%
Hadronic R(D°), R(D") 0.70701a10:3", 0.481 3451008
Hadronic  R(D*%), R(D**)  0.47X01, 057, 04815737002
Hadronic BT — D'rtu, (1.511041+0-28 + 0.15)%
Hadronic BT — D™ tu, (3.041083+0.40 + 0.22)%
Hadronic B° — D~7tu, (1.0115-381512 £ 0.10)%
Hadronic B° — D*~7tu, (25613251031 +0.10)%
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Conclusion
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Conclusion

Babar Had. 2012
Babar Inc. 2011
Belle Had. 2009
Belle Inc. 2010

Belle Average
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Conclusion ﬂ(“

a The branching ratios
a BT — EOT+VT
a BT — 5*0T+V7-
ma B 5 D rtu,
ma B > D1ty
are measured.
= The ratios R(D°), R(D*°), R(DT) and R(D**) have been measured.
a The current precision does not allow to rule out the Standard Model
yet.

a With more statistics, the result may be improved further.

Motivation Principle Measurements Conclusion
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Outlook AT

eeeeeeeeeeeeeeeeeeeeeeeeeeeee

a Improved hadronic tagging

a Efficiency ~ 0.1% —~ 0.2% (see M. Feindt et al., Nucl. Instr. and
Meth. A (2011), doi:10.1016/j.nima.2011.06.008 )

® 657 — 771 X 10° BB pairs

2D signal extraction: M2, . and the output of a Neural Network with

negligible correlations.

m Reference: Work in progress, no publication yet.

Motivation Principle Measurements Conclusion
oo o 000000000000000000 0000800000000000

Daniel Zander — B — D(*)Tu at Belle September 30th, 2012 31/42



BACKUP




KEK & Belle

KEK-B

Only experiment at the KEK-B collider,

upgrade scheduled for 2015

KLM
Belle Csl TOF

150° CDC

Asymmetrical eT e~ collider

with /s = 10.58 GeV

(\ gBelle MER

4
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Karlsruhe Institute of Technology

{1171 TT1 0 1 2 3(m)
= B
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Integrated Luminosity
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Karlsruhe Institute of Technology

>1ab!
On resonance :
Y(5S): 121 fb*
Y(4S): 711 !
Y(38): 3!
Y(2S): 25 !
Y(1S): 6 "
Off reson./scan:

~100 b?

~ 550 fb™!
On resonance:
Y(4S): 433 b !
Y(3S): 30 fb !
Y(2S): 14 !
Off resonance:
~54 fb!
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Effects of Charged Higgs

Karlsruhe Institute of Technology

Decay kinematics

a Described by

osf i RO NPT SNSRI \ WO
945 11 12 13 14
w
Motivation Principle Measurements
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B
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Bt — D®)0r+y,_
Phys. Rev. D82, 072005(R) (2010)

Inclusive Tagging
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New Full Reconstruction algorithm

a Increased efficiency and purity

-~ new (no continuum suppression) -~ new (no continuum suppression)
0.30 V- new. i 0.30 V- new. i
. ‘§ 4 new SFWM) - 4 new SFWM)
m old m old
0.25 S 0.25
I T~ 4y Iy
S0.20 '\-_\‘ ~4) S0.20
9 o <9
z 015 \\‘Q‘\‘ 3 015 e ==
So. - So. LT
0.10 0.10 - \i#“
0.05 0.05
0.00 0.00
0 10 20 30 40 50 60 70 80 90 0 10 20 30 40 50 60 70 80 90
Purity [%] Purity [%]
Motivation Principle Measurements Conclusion
oo o 000000000000000000 00000000000000e0
Daniel Zander — B — D(*) 7 at Belle

September 30th, 2012 41/42



Outlook AT

Karlsruhe Intitute of Technology

Fit Procedure and Expected Sensitivity
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