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Motivation

¢ + (Loose Tagging) Up-to-date results: B — £v
BR(Bt - e*v,) <9.8x 1077 253fb~1
BR(B - ev)gy~10~11 Belle Collab., PLB 647, 67 (2007).
BR(B = p)su~3.5x 107" | BR(B* - u*v,) < 1.0 X 107% 426fb~!
-4 u
Vg  BR(B - tv)sy~10 BABAR Collab., PRD 79, 091101 (2009).

2 2 2 (Hadronic Tagging)
BR(B* — £+v,) = S (1 _mj

2
2 2 + + -6
3 2) fEVupl?tg | BR(B™ = e™v,) <52 x 10
B BR(B* - u*v,) <5.6x107¢ 342fb~!
<The Feynmann diagram, SM branching fraction, order of B.F(B — ¢*v,) > BABAR Collab., PRD 77, 091104 (2008). @ 90% C.L.

A clean process for the measurement of f3, |V,;|*, within the SM.

Helicity suppression in the SM = B.F. o« m3
Deviation from the SM may reveal New Physics | (e.g 2HDM(type2), lepto-quark)
Evidences of BT — 77 v, from Belle and BABAR experiments.

2HDM type2 m2 2
BR(B™ - ¢™vp),ypy = BR(Bt - £%v,) X <1 — tan?p —I;)
my
W. Hou, Phys. Rev. D. 48, 2342 (1993).

Result presented today is on. ..
An update using full Y(4S) data (772 x 10° BB events) / Hadronic taggingon £ = e, u.
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Hadronic Tagging
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B-factories

* Precise knowledge of the initial states in ete™ collisions.

~S83ST7 77—
-g The Upsilon System ]
= ol N 1Linb o(ete” — Y(4S)) ]
a I:'r * ~3nb o(ete” — qq)
_g 15} 4: ‘1 (q =y, d,S,C)
g0 10.58 GeV

10 ‘ :I L]
R Y(4S) ‘

o !4

IQ.) 3F ! "-.+ *‘J‘ * '._.* ‘,\' ]
+ ¢ by 4 R PR L, LR SV
Q, . TI(IS) , TI(Q.S) IT(?)S) | l R
© 944 946 10.00 10.02 1034 10.37 10.54 10.58 10.62

Mass (GeV/c?)

e Br(Y(4S) -» BB) > 96%; w/ p; = 380MeV/c

B: low momentum ’ /

~03GeVie X~ /O -
, e- JL e+
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Hadronic Tagging

Definition:

Complete reconstruction of a B-meson
(Btqg) in an Y (4S) — BB decay via
hadronic decay channels.

4

/" By,

+
e
* Obtain the momentum of the signal side === > Y(4S)
B meson with no additional effort. _
Bta / Pros: The best knowledge
— g on kinematics in the By,

* Especially important tfor decays with
limited access 1 the signal side.

DO
« BT - XtTvy; B = Xvi ... T[+/ \K_

* High resolution 1n kinematical variables

results in high purity !

Cons: Low efficiency due to
the prior reconstruction of
the Bygg-

with Bqg quality control. p(e™) +p(e”) = P(B) +p(B)
Br(Y(4S) - BB) > 96%
*  Good continuum suppression. ps" = 380MeV/c Spherical event shape
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Hadronic Tagging in BT — €7 v,

Excuse me for a little bit of spoiler !

<Untagged Reconstruction> <Hadronic Tag. Reconstruction>
- The signal lepton candidate’s momentum in B;/ rest frame. -
= _
g - . muon 1400 N B e L e e e e e LA B
E R _ mean = 2.6388 +/- 0.0002 h
S s 1200 GB = 2660 +- 0.007
= + electron mean
ry sig = 0.0141 +/- 0.0002
1000 sigl = 0.137 +/- 0.007
C sigR = 0.048+/- 0.004

r 800
[ * A

- 600
[ -

- &

[ a 400

I\I|II\|III|\II|I\I|III‘III][
I\I|II\|III|\II|I\I|III‘IIIf

C R L 200
- N E ,
C .‘.‘ VJ .|A|‘ " ' ’ ) “PE B_Qp‘vuz'ﬁ i
Lasmld " b b b b b Dl
21 22 23 24 25 26 27 28 2.% 3 31
P [GeVic]
€sig = 2.18% €sig = 0.104%
_ +0.10
Nyig = 7.4 £ 1.0 Nprg = 0.26Z508
Higher Efficiency An order better resolution.

N. Satoyama (et al.) (Belle Collaboration),
PLB 647, 67 (2007).
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In our analysis! : Byg, quality

615 B* channels with hierarchical reconstruction procedure.

Btqg quality control via:

> 2
* My, = J(Ebeam/z)z — | thag' > 5.27GeV/c
- AF = EBtag — Eyeam/2 : —0.05 GeV < |AE| < 0.05 GeV

* Opp: A neural network output.
More than one B, candidate in an event? = The highest oyp candidate chosen.

—log(oyg) < 6 for quality control.

1205 — Eliuacl((péj)unes 300 E 180; ——— Signal(l) times 2000
L b —c(B% " B - R boe (B‘l,)
loo|===" ¢'® > aT@=e) I b—>c(B)
L : li :?1\(1%?59)7 . E : ] T T I A ee"—=qT(g=c)
soH —— b = ulv (B%) E E J e 47 T ce - (f] = uds)
r bosd (Bg) o 100: ——— b —ulv (BO)
el I]Jyaﬁs,;:lo(l]?yr )V E .: b E —— b = ulv (B)
He— B o VIYL - 80: b%s.d(B;)
40:—B+HK+ ° b ok b —sd(B)
H—B > K | : C B 'l v,
r | : 40F — B vy
20 e B 20: —_— B K7
;'-"-_T ..... :'-----J::.'-'-'I""--T T o] L B o K0
P55 524 505 526 527 528 520 O

- e s e =
-0.15 -0.1 -0 03 0 0.05 0.1

M,. (GeV/c?) AE (GeV)
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In our analysis! : Byg, quality

615 B* channels with hierarchical reconstruction procedure.

* Btqg quality control via:

N 2
¢ Mbc - \/(Ebeam/z)z _ | thag| > 5.27GeV/C
o AE = Eprag — Epeam/2 : —0.05 GeV < |AE| < 0.05 GeV

* Oyg: A neural network output.
More than one Bgg,g4 candidate in an event? — The highest oyp candidate chosen.

—In(oyp) < 6 for quality control.

oyg: from B = fv study J

Signal MC - 3s

Better quality. 3

2 4 6 8 10 12 14 2 4 6 8 10 12 14
-In(NBoutput), signal(p) -In(NBoutput), uds

—In(oyp)

KIAS-NCTS Joint Workshop, High-1 2014 Feb. 14th, 2014



In our analysis! : €44

615 B* channels with hierarchical reconstruction procedure.

* Btqg quality control via:

N 2
* My, = \/(Ebeam/z)z - | thag' > 5.27GeV/C
e AEF = EBtag — Epeam/2 : —0.05 GeV < |AE| < 0.05 GeV

* Opp: A neural network output.
More than one B, candidate in an event? = The highest oyp candidate chosen.

—log(oyg) < 6 for quality control.
* €tgg (B tagging efficiency) calibrated to data event by event.
» A control sample study using B = D™ £v decays.

* Calibrated in the oyp value and the first hierarchy decay from the Bygg.

€rag = 0.30 (0.29)% for B - uv (B - ev).
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Signal-side Event Selection
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Now let’s turn our focus to

{)/ HERE

/" By

----- > Y (4S)

Bl

|>

T[+/ \K‘

A high momentum lepton & an invisible neutrino.

Pre-selection of events with a lepton with p5#? > 1.8 GeV/c.

Impact parameter conditions to sort good tracks.

( distance from the IP: dr < 0.05cm, |dz| < 1.5cm)
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Continuum suppression

* Virtual extermination using COSO¢pryst-

Othrust: £ (Brag thrust axis, p;)

N A L L L L LR LR LR E""I""I""I """" [TTTTIT T I T rTTT rees E Slgnal
i 35
“F cosbmruse <0.9(e) 3 F cosOprust < 0.8 (1) ] |-mrboe (B;)
5 (Arbitrary scale) '] 30F  More K /m fakes here : b—c(B)
F "1 F  (x300Signal displayed) .~ [=="-¢¢€ —al (q=c¢)
- g N e'e” = q7 (q = uds)
15H . THIRE 1 20 w4 |/ b—oulv (B")
T E:E T ] E " .EE-E -!:ll ] E b — U.IV (BO)
ot e 1 BE oo ; b —sd(B)
p: I TR ety E b —sd (B
: : i B > n'l"v,
T 4 - M1 + +
i -1 s e | —B =1 vy
e ke s E e riEH T A T L i ' '.ﬂ"-‘hFﬁ _B+9K+TEO
00 0.1 02 03 (|)(.:40809.t:lm(1]j 07 08 09 1 00 0.1 02 03 (|)é408[]e.::1m(1]j 07 08 09 1 BJr SN TE+ KO
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Further BG suppression

* ErcL = Etotar — EBtag — Ep

* No extra particles aside from the B4 and the signal 2.
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Signal Extraction Variable

<Signal Enhanced plot of p% for B - uv search>
T T T T L T T T T T T | T T T

|

221:):3 (ééV/C§6 2.8 3

E Blv-c
e
oy B i
mmyoas Py The momentum of the signal £ at
B 5 v,y the rest frame of the Bg;,.

* Sharp-peaking near 2.64 GeV/c due to 2-body decay.
* Very clean signal separation with low BG.

mean = 2.6388 +/- 0.0002
meanGB = 2.669 +/- 0.007
sig = 0.0141 +/- 0.0002
sigl. = 0.137 +/- 0.007
sigR = 0.048 +/- 0.004

1 Gaussian (Dominant)
+ 1 Bifurcated Gaussian

III|III|III|III|III|III|IIII

Signal region decision

¢ —2.50 of the main Gaussian component in

the histogram fit < pf <2.7GeV/c.
« e:2.606GeV/c <pf <2.7GeV/c
o 2.604GeV/c < pf <2.7GeV/c

III|III|III|III|III|III|IIIt

L ) L I L
2.1 2.2 2.3 2. 26 27

4 25
PEB S Vi

Nl
o
o
[l
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Signal Extraction Variable

<Signal Enhanced plot of pg for B - pv search>

E Bbv-c
TP efe—=qq
| Il by B .
mmyoas Py The momentum of the signal £ at
1 B Suvy the rest frame of the Bg;,.

. * Sharp-peaking near 2.64 GeV/c due to 2-body decay.
: * Very clean signal separation with low BG.

2 21):3 (éév/c%() 2.8 3

Signal extraction strategy!

Y N
BR = data bkg

_ Y : count the events in the p5 signal region.
NBB . Esignal data by si1g &

Ydata Observed data yield in the signal region. Ny bkg extrapolate from the background PDF fit

Npieg: Expected backgrounds in the signal region.  to the side band data. The PDF’s are obtained
Npg: Initial # of BB. from the mode-by-mode histogram template 1D
Esig® Signal selection efficiency unbinned maximum likelihood fit.
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Signal Extraction Variable

<Signal Enhanced plot of p% for B - uv search> NBG
AT - TH bkg
e

| Il b—uv

. b= d’i Peaking / heavily influential decays in the signal region
i treated with dedicated large MC samples.

Estimation of backgrounds crucial in this study!

b — ¢ decays, dominant in the low momentum range,

composed of over 90% of B~ — D™0p=j,

Expected from the MC histograms (Events)

Backgrounds: B — v Backgrounds: B — ev
b - utv 0.0087 (13.8%) 0.0289 (13.0%)
Other X, £V 0 0.0598 (26.9%)
B* - m*K° 0.0410 (65.1%) 0.0612 (27.6%)
,2‘1.4,‘, r/ \2 ¢6 B: - I‘:r”o 0.0133 (21.1%) 0.0631 (28.4%)
Bt - tTvyy 0 0.0091 (4.1%)
Total 0.063 0.222

B — £vy according to G. Korchemsky, D. Pitjol, and T.-M. Yan, PRD 61, 114510 (2000) ~ Assumed BR(B = fvy) = 5.0 X 10~°
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Background PDFs from histogram template fits

T T T T T T T = rrr 1 rrr[rrr[rrr[rrr[rrr LA B B B S A B B R B | P S B B I I I S L L -
N= 742186 B 1213 —)7T+KO N_1- 608+-81 13 C F= 039+-016 ]
mean = 2.036 +- 0,027 ] - N 2= 8.0+-35 . - N= 1031 +-32 -
sigma = 0.079 +/- 0.015 E 10 — mean = 2.6144 +/- 0.0017 80 mu= 2.449 +/- 0,025 I

= - mean2 = 2.592 +/- 0.039 — = mu2 = 2155 +- 0.066 -

(o] - 81— / '\ = 0.0121 +/-0.0014 | 50—— sigma|l= 0.136 +/- 0.059 | 7]

© = C l sig2= 0,109 +/- 0.030 ] - sigmal 12 -0.62 -

%D E 6— b — C sigmalr = 0.077 +-0.012 ]

I~ 3 E ‘L:-' l‘-. 1 40— sigmali2 = 0.140 +- 0,037 —

— = A= ¥ A = C n

< = - 1 L .

gﬁ E 2 1 2 ]

- + n*0 p+ — — - C + 0p+ ]

7 |BT|=>D 4 Ved i . #+BT > f7v,

L L = - cdedieqeacdoyeye . o I ] I I rae B 1 i .
27 2. sxn 2 2 7 7 9 . ! 5 258 .s o 72 2.1 22 23 24 T 25 2 2 2.8 2.9

Pl B =D v PL.B” - 'K’ u Pr.B —=a"I'v,u

R B B L o o LI A B B B e e = 7 T T — T T T =
8 N- 230+-48 = - B+ N K+T[0 N- 192+-44 B N= 653 +-8.1 =
7 c=-1286+-27 E S mean = 2.6059 +/- 0.0053 = & mean = 2.227 /- 0.024 =
3 - sigma= 0.0231 +/- 0.0037 = sigma = 0.150 +/- 0.019 3
6 4 = E
5 49 F 1 . =
3 3 —] 3
4 E r { 1 3 —
: _g 2:_ ¥ ~ 2 —E
2 — F ] =
4 nop+,, 4 'E 1 q =
! BT - D°¢"v, 3 E 1 Other b = ufv
PR ala g " A Il ) ) I 1 L Lgl " ol 1 L L -
R KR £ 4 "!x"'!Bx 2 it A s Aans : RaSe B Bas © It C: I i zsg 255 . . 7 % PR TR (it & i St £ {
=D I'v,u B" =K H" u PP restof b — ulv.
T T T T T '; r T T T T T T T | |80'__ T T T i
N-I81+-43 1 *F 59 B = F= 036+-011 3
c=-828+-20 B E arg_off = 2.613 +/- 0.028 = IGO:_ N= 2736 +- 52 3
4 S arg_shp =-0.01 + 1.7 4 140 = 26285 +/- 0.0077 =
7 F 3 120 F- nu2 = 2.596 +/- 0.013 13
= 41— - = sigma)l = 0.163 +/- 0,024 =
E - 3 10— cigmal 12 = 0.301 +/- 0.060 -
- 3 =3 wE “[bigmalr = 00114 +- 0.0054 13
e 3 E “figma)r2 = 0.0375 +/- 0.0064 3
= 2 b d_- 60— ] —]
= Other b = s 3 = + + 3
g I B BT —» £Tv,y 3
. = E E
ther b — ¢ 3 tleptonic 4 2f#F : =
1 1 1 1 1 - - il L L | b= -t A T 1 \ % el | L =
0 21 22 %3 (2N 'y 2 27 VX4 23 0 M) ) 2.7 25 2. 2.7 5§ 78 0 21 22 23 2 ‘33 27 28 x|
1"l rest of BB, Pl restofb —s.d. 1 B 4’ l iy, Ll

e BT > ,u"'vu mode

* Backgrounds PDFs summed w/ branching ratio weighting
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Verification
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MC compared w/ data in the pj sideband region

. pf sideband region = 2.0 — 2.5 GeV/c, all oth

805 007 ©05 D02 000 001 002 005 004 005
AE™ (GeV)

0 0.1 0.2 0.3 0.4

co Seth.mst ‘

~—f—Data (Y4S)

e'e” = q(q=uds)

b—c(B) - B >n'l'y,
b —c(B") | EENG

- e'e’ > qf(g=c)

b — ulv (B")

0.5

0.6 0.7 0.8
B'—1'vy
M-
B' > n' K’
b—sd(B)
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er criteria applied.

5.27 5272 5274 5.276 5.278 528 5282 5284 5286 5188 5.19 0 005 01 015 02 025 03 035 04 045 05

B" - utv,

Erep (GeV)

p) 3 T
-In(NBout)

T x*/n.d.f.
=0.92
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p? shape calibration

* A control sample study using:
« B* > D%t : DY > K nt&D° > K- (3m)*.
* Treat 1" (primary pion) as £+, D as v,.

* Same conditions given for BT — £¥v, analysis given.

O 11T T T Fitted each distribution and integrated each region.
- B — Data - Bkg | -
605_ Pr —|_ — Signal MC E c _ Nj;s(Data — Bkg) /N, (Data — Bkg)
50 JF . 4 shape ™ N, (signal MC) /Ny, (signal MC)
SIGNAL regjon
40 : : .
; ALL region : : _ O 954+0033

—0.031

Obtained BR within 0.20 deviation
compared to the PDG world average.

w

o
'y
—H

Events / (0.01 GeV/c)

(Including systematic uncertainties from

.:l bl .:‘.213....r i Kn-1D / Cshape / tag / PDF parameters / tracking

pe (GeVic)

uncertainties.)
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Signal Extraction & Branching Ratio
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Systematic Uncertainties

Y N1
BR = data bkg

Ngpg - €signal

* PDF uncertainty in parameters from the fit.  Npkg(e) = 0.11X55¢ events
. . . 0.10
* Branching Ratio uncertainty. Npicg (W) = 0337505 events

* Statistical uncertainty of the experimental data in the sideband region.

Sources Uncertainty Esignai(€) = 0.091%
Ngg 1.4 % €signat(t) = 0.115%
€tag cOTrection 4.2 % B
. A note on the py shape!
Lepton Identification 2.1 %
Tracking 0.35 % The number here is based on the preliminary result.
The study in p.21 was a modification after the
MC statistics 2.0 % preliminary result was presented, and the updated
B 15.2 0 number will be presented in the paper soon to be
27 shepe s submitted. In the updated the systematic uncertainty is
Sum 16.0 % reduced at ~6%, along with slightly modified €g;gna1

and N, é",’cg Very sorry about that!
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Opening the pr signal region

,g;""'"""""'"'__"".""'"""'I""""""'_f We observe no experimental data
si— l;:llle;minary —E events in the p? signal region.
= . 1 -
- | P .
‘B +p,” sideband | P N = B* - u*v_u Bt - etv,
Y | : \?&%\ =
| 5’\%“‘a i ] Yaata 0 0
2HNT i ; e-mode —3
, | R 1 €signa 0.115% 0.091%
; D T AUAE (16% unc.) (16% unc.)
: * - = P Dae ’ NMC 0 33+0.10 0 11+0.08
L TR RS L LS LR UL RN NI AL NI bkg ' —-0.08 . —-0.06
| Nevt 4 +/- I
< AP BR(B* - p*v,) <2.5%x107° (90% C.L.)
B BR(BT - e*v,) <3.5x107°(90% C.L.)
t+  p/sideband | T —
| ;‘A\\wfk@ Upper limits calculated based on a
4 | g frequentist approch,
g i u-mode :
™ ; Feldman & Cousins method.

mnizer st

igiigl
T227 T23 7 24 2 :
P/, Data,

[ILLILL

(G. J. Feldman and R. D. Cousins, PRD 57, 3878 (1998).)
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Summary

With 772M BB events and hadronic tagging method, we search for the
purely leptonic rare B meson decays, B — e*v, and BT - u™vy),.

We obtain the most stringent “hadronic tagging method using”
constraint, improved by a factor of two.

The low background study demonstrated shows a promise of hadronic
tagging method as a powerful probe for testing the SM and searching
for the New Physics.

The paper draft to be submitted soon with the final results.
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BACK UP
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Untagged study vs. Hadronic Tag,

* The two extremes of reconstruction.

* A simple depiction with BY —» £7v, search.

4 4
/ B sig / B sig
+ et
————— > Y (4S) — === Y(4S)
|>
at / \ K~
<Untagged Reconstruction> <Hadronic Tag. Reconstruction>
s: Higher efficiency due Pros: The best knowledge
10 prior reconstruction. g on kinematics in By;, results
1cl in high purity.
s: Many combinatorial EffICIency
kgrounds and worse B, Cons: Lower efficiency due
ted variable resolution. Purit > to prior reconstruction.
url y A CAM A VNNICLT
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Had. Tagging Hierarchy

DY D+ Dgs
D’ — K—nt DY — K-ntzt ||DE — KYK§
D' o K—atata—||Dt — I{gfﬁ D; — Ktntr—
D" — K-nta’ DY — K2ntz® DY — K*K—=*t
DY — atp— Dt - Katrxtal DE — K+*K—nta"
D0 o g0 D+ — Kg-rrJr + D; - K+Kgr1r+?r_
DY — K2x° Dt — KKt ||[Df — K Krtnt
D" — Klrtm~ DY — K'K 7ta?|D{ — K*K-ntrtza
DY — ffgiT“Lfr_-rTU D;f - rtata
DY — K+tK-— J/b — e et
DY — K*K-KY% ||J/Y — ppt

B+ BO
Bt — Dx+ B — Dxt
Bt — DOrtq0 B — D—xtx0
Bt — Drntrxta B - D rntrtn
B* — DD B" — D%"
B* — D%r+t B — Di{D-
B — DYrtg B — Dt
Bt — DYrtata— ||B® — D*ntal
Bt = DYrtatr—x%|BY — D*rtatn
B+ — DEDO BY — D*rtata—a0
B+ — DD B - DI D-
B* — D&*D%™ B — DiD*
B+ — DOK+ B — DD
Bt — D-ztgt B — J/vKY
B+ = J/K+ B = JjK*n
Bt — J/vKtrtn~ ||B® — J/oKntn~
B+ — J/YK+x
B — J/YKort

TABLE XV. Stage 4 - All B modes

TABLE XIII. Stage 2 - All D and J/*> modes

+ *0
D~ D Dy
Dt — D'z+|| D% — Dz°||D&* — Din
Dt — D a°||D™ — D%

TABLE XIV. Stage 3 - all D* modes
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*  Only including the vartables
for the higher hierarchy ot
reconstruction due to the
page-shortage reason.

Variables used in the NN training

ll\'ame

| Variable

sumCh1dNB

Sum of the NeuroBayes outputs of all of the children

prodChildNB

Product of the NeuroBayes outputs of all of the children

Ip|

ChN_ptot

|p| of child N

ChN_NBout

NeuroBayes output of child N

ChN_PseudoHelAng

Angle between the child momentum in the mother’s rest
frame and the mother’s direction in the T(4S) rest frame.
For D meons, this really is a good approximation of the

helicity angle.

ChN_hash

Decay hash of child N

ChN_Mass

Mass of child N

ChMN_Angle

Angle between children N and M in the CMS

ChMN_InvMassScaled

Invariant mass of children N and M, scaled to the maximum

(=1) and minimum (=0) possible theoretical value.

mom_dir_dev

Angle between the momentum of the IJ meson and the line

connecting the IP and the fitted D vertex.

dist_to_IP

Distance of the fitted D vertex and the IP

sig dist_to_IP

Significance of the distance of the fitted D vertex and the

P
deltaE AFE
Dstar_D_massdiff M(D*)—- M(D)

D_hash from ist_dstar

Decay hash from the first D* meson

D_hash from 2nd dstar

Decay hash from the second D* meson

CosThetaB

cosfp

ChN D _dist

Distance of closest approach of a track from the B decay to

the fitted vertex of the ) meson

TABLE XXIII. Variables used in the stage 2, 3 and 4 trainings
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€tag calibration

I = 1]_1 ;;I\TB(j'l_lt

FDATA (1) /FMC (1) = O(x) o(z) = ) FMC(2)dC(x)
0 In(NBuy) N ME(x)y 7 MO da

distribution . .
F(x) = / lz The correlation factor can be expressed as a function of
NB,,;:. This is done for each tagged decay structure.

| PATA(

xIr
(# event in within In(NB,,,;) cut.)

<with these definitions>

0 Nt
B'—D*(D*(K*n)n0)ly
L i : —— Doata e E o B+_)X2|V7 B_%DDTE_ - N B+—)XEIV, B-—)DUT(
I i — B"-D (DK )Y g F g = K —
250 | —— B z SRR
It ; — B hadronic decays < r g E
- ) < T F
-~ B’ generic MC a 1.2 S 16
5 It -~ Continuum MC Zz L : © E '\
200 TUnNEES200 .’ w g II ]II LA
InNB__ >-20.0 Q{1 r T S
M,_>5.270 GeVic’ r 1.2 -]
Ir i 0.15 GeV < AE < 0.10 GeV 00‘ C oo
) I B E,..<1.50 GeV o 1 '\‘{\l
WID>0.90 || £ID>0.60 - F
[ ':lm <: 0.6 [ llvv 0 .—.: l\i\
: NS DATA T - :
100 feosd, <30 - C(x) = = The final c(x) for DOpi tag
gl 12,Z,1<0.1 cm o 4;7 B 5 oD (Ko 0.6
: chivrte St - N : e
I W, [<0.25 Gevite! . B e for each signal mode 04
30 " m-'ﬁuqqsur.qewcz 0.2— % B *D‘D(DD(K" Ly L - Z Y C
M X o (<5 2 - B D (D (Kn*)y)lv M
: ﬁsla:tﬁz MD-;JI zifrlgiv;:ew(:’ [ |- Average with Dopl tagged 02 . —
H e - IR R R L L L Lol C | | ._,——r—"_:_ L | L
: i 14 12 -10 8 6 4 2 0 5 RT) 3 " 4 > )
0 \_l_l_ﬂhhl._l_i_.l_[ - -
2 iy 0 1 2 3 1 In NB,, In NB,,,

Missing mass squared, GeV2/c?
overall MM2 distribution of the specified signal
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onp In terms of Efficiency and Purity
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FIG. 19. Purity-efficiency plot for BT mesons
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Pre-selection ot high mmt tracks

* Pre-selection condition.

* Actually for the file size management.

6000 :__ .................. ............. . Signal(Elec)

—— Signal(w) Sl 11 P TR

UDSC - ; | | ; :

rareB

250

3000

I[HN}: iassass .......E-..-..............é-... .............é-.................é.................é-.........

| | — 1 1 :'_,J_I I 1 i 11 1 1 i 1 1 1 i 11 1 1 i 1 1 1 1 i
?_ 5 2 2.5 LAEI:‘- 35 4 ?‘:'r 2 2.5 L AEH 35 4
pL pL
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dr distribution

[ LI LI I LI I I LI I LI T I LI I LI T ]
- - — Signal(ll) times 2000
600 0| mem=-- b—c(B)
o ] b —c (B
g _
5{}{}:_:-I _: EEEEEm e_e'_}qq(qzc}
- . ee” — qT (q = uds)
4001 1= ] — b = ulv (BY)
— [} —
- . b — ulv (B")
300 :_. ] b —s.d (B
1 ] b —s.d {BD}
200 ~ B" > 'l v,
E —— B_ — l_ "I,.,-"I T
100 ] — B K 1
- . B" > " K°
D{] 0.01 0.02 0.03 0.04 0.05 0.06

dr (cm)

Muon mode. Nearly identical distribution for the
electron mode.
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dz distribution

35{} | T 1T 1 T 11 T T 1 1T T T | L 1T T T |
— - — Signal(ll) times 2000
300 e b —c(B)
- . b —cBY
250 — | = ete" = qT(g=¢)
- . e7e” = qT (q = uds)
200 — s 1) — ULV (B7)
- 3 b — ulv (BD)
150 — b — s.d (BY)
- N b —s.d(BY
100 — B™ - n'l v,
- . —_— B v,y
0 . — BT 5K
- n B™ — K’
0 i e
-1.5 1.5

Muon mode. Nearly identical distribution for the
electron mode.

KIAS-NCTS Joint Workshop, High-1 2014 Feb. 14th, 2014 34



Electron mode p distribution

3 L —— Signal(e)
=m:bh - c(B)
25 h, b+_> ¢ (BO) —
i T ==rce = qT(Q=0¢)
'in e'e” — q (q=nuds
'::' b — ulv (B)
2 -: b —ulv {BO)
1 b —>sd(B)
! b—»sd(B)
= : B "= nl"v v,
w — B =1 vy
1 I:Ill —_— B 5K 1’
-1 B” > K’
=
0.5 N |
M 2 26 7
!!-'nr.:"' "'.l-"- = —'.'4 TP 6 "'8
13 2 2.2 2.4 6 2.8 3 +a\ e

Signal enhanced plot for

the electron mode. Magnified

1000

800

600

400

Fitted distribution.

ﬂ.

mean = 2.6384 +/- 0.0003
mean2 = 2.37+/-0.01
meanBG = 2.646 +/- 0.005
sig= 0.0131 +/- 0.0003
sig2 = 0.175 +/-0.007
siglL = 0.080 +/- 0.006
sigR = 0.026 +/- 0.003
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Background PDI’s for e-mode

R e L B B e B B O I B R B R B o o ML o o s B = . . — . — — — 3
12 N= 53.0+-73 T S0 N= 951 +/-31 1 35— + + 170 N=119+-34 =
c=-11.70+- 1.6 7 r mu= 2,375 +/- 0,018 = BT - ™K mean = 2.6189 +/- 0.0027 3
10 - sk sigma_l= 1.00 +/-0.76 17 3 sigma = 00094 +/- 0.0019 -
= sigma_r = 0.103 +/- 0.010 1 E =
8 - Jas— —
J a0 — _E E
- r a2 —
6 — - - E 3
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4 — = . 15 E
. F + J1 B =
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G B B L L L L B L B L N B wuuw||||||||||w||||||w||||||‘||w|||-|||ww||w||w: E""l""l""""l""""l""l""\""l""E
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Sideband comparison: e-mode

2.15 2.2 27 5272 5274 5276 5278 528 5282 5284 5286 5.288 5.

E 2.3 .35 2.4 A5 2.5
ev/c) M, (GeV/ch)
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I
o

PR

-0.05 -0.04 -003 -0.02 001, 0 001 002 003 0.04 0.05 0.3 0.4 .5 0.6 0.7

a . ¥ 5 0.8 0.9 1 2
AE™ (GeV) COS0y,e|

3 7 3
-In(NBout)

> y*/n.d.f.
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Control sample study: Kp1 + K(3p1) mode

dhkhkhhdhkhdkdkddhhhrhhhddddrddrkkhddddddxx ATT MODES COMBINED ****xkkddddddddrhdddddddddrhhrhhdddddrdssn

Cshape :  0.9542 (+/- MC:) 0.0065 / 0.0066 (+/— DAT:) 0.0318 / 0.0302 (+/- KPI:) 0.0053 / 0.0052
Cshape comb :  0.9542 (+/-) 0.0328874 / 0.0313471

A R R R R R R A R R R A R A A R A R A A R A R A A R A A R A A A A R A A A A A AR A A A A A AT A I A I T I AT A AT T TR T AR

no calib Naig : 192.793 (+/- MC:) 5.057 / 5.053 (+/- KPI:) 6.442 / 6.44 (+/- TAG:) 8.09731 / 8.09731 (+/- TEK:) 0.674776 / 0.674776
no calib Nsig comb : 192.793 (+/-) 11.5367 / 11.5338

EE R s e

no calib Eff : 0.000434552 (+/- prev:) 2.60034e-03 / 2.59969e-05

EE R s e

no calib H*e : 335293 (+/- prev:) 20063.8 / 20058.8 (+/- BB:) 4694.1 / 4694.1
no calib N*e comk : 335293 (+/-) 20605.6 / 20600.7

EE R s e

EE R s e

Naig : 183.963 (+/- prev:) 11.0083 / 11.0055 (+/- cal:) 6.34046 / 6.0435
Naig comb :  183.963 (+/-) 12.7037 / 12.5557

B L T T T R P T T e T T T T s
Eff : 0.00041465 (+/-) 2.8633%e-05 /7 2.83003e-05

EE R s e

H*e : 319936 (+/- pre:

) / 21836 (+/— bb:) 4479.11 / 4479.11
N*e combined : 319936 (+/-) 2254 90.7

2
-

%]

EE R s e

no calib BR : 0.000531908 (+/-) €.08176e-05 / 6.09299e-05
calibrated BR : 0.000557438 (+/-) 6.65695e-05 / 6.64285e-035
FDG BR : 0.0005752 (+/-) 1.7e-05 / 1.65e-05

EE R s e
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kag

e (Calculated as

S( \[C\F)szgna!
( MC )ﬂdeband

BGegt = j\rsideband(Dataf—itted)

where S/S stands for the rate of events in
the signal region to the events in the sideband
region.
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NC g presented in this talk

* Based on less categorization ot BG.

* The uncertainty calculation.

* Varied the fit parameters by 10 and summed the
etfects.

°* The amount of PDG wvalue varied for the well
measured modes.

* Conservative PDG uncertainty assumption for the
rest. (+200% -50%, +/- 50% for Inugamma BG).
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The uncertainty in S/S of N I%Z

PDF error PDF parameter S(MC)signat/S(MC)sigeband
BB Exponential slope 0.012F0-00023
normalization 0.0127F5-0052,
- = b— uly B.Gaussian mean 0.012F)-0008s
PDF error PDF parameter S(MC) signat/S(MC)sideband - 0.012-0-0014
5 - . —0.0012
BB Exponential slope 0.0090$§j§§§§§ normalization 0012 +7.9
normalization 0.0090” o007 RAREB Argus offset 0.012 5000
b — uly B.Gaussian mean D.()UO(ES:B%%E shape 0.012+17.5
a (l'eft) 0-0090%%8080(1):1;3 normalization 0.012+1.5.
o (right) 0.00907¢ 0024 B = B.Gaussian mean 0.012 & 0.00044
normalization 0.0090 £ 1.S. o (left) 0.012F0-5018
RAREB Argus offset 0.0090 = 1.5. o (right) 0.0127+0.00028
shape 0.0090 £ 1.5. normalization 0.012F0-60620
normalization 0.0090 £ 1.5. BT & otEKO Gaussianl mean 0.012¥0-00036
B — evn B.Gaussian mean O.DOQOfS:ggg;‘é . 0.012t8~'888§§
o (left) O-DOQOtgﬁgggﬁ% Gaussian2 mean 0.012 £ 1.5.
o (right) 0.0090* 50023 o 0.012 + 1.5.
normalization 0.0090 £ 0.00020 normalization 0.012 + 0.00097
Bt — xtK° Gaussian mean 0.0090 = 1.5. BT 5 Ktx0 Gaussian mean 0.0127F7-00012
a 0.0090 £ 1.5. P 0.012 £ I.5.
normalization 0.0090 £ 0.00079 normalization 0.012 + 0.00019
TOTAL(PDF uncertainty) 0.009070 005 TOTAL(PDF uncertainty) 0.012790030
PDG error S(MC)eignat/S(MC) crderand
BB o.oogotg;gggg PDG error SIMC) cignat/SMO) cigeband
b— uly 0.0090+5-000%0 BB 0.01270 0558
RAREB 0.0090%5- 00038 b — uly 0.012 4 I.5.
B e 0.00900 48818 RARED 0012000012
Bt = 7t K° 0.0090 £ I.5. B — A 0.012 + 0.0015
TOTAL(PDG uncertainty) 0.009070 0038 BT =tk 0.012 £ 0.00019
Bt — K+tx0° 0.012 £ 1.5.
GRAND TOTAL 0000000061 TOTAL(PDG uncertainty) 0.012790080
GRAND TOTAL 0.01273:5057
B — ev B - uv
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The uncertainty in Ngjgepana ©f NM b kg

Stat Uncertainty | Data Statistic 13.52 £ 3.61
PDG Uncertainty BB 13527518
b— uly 13. f2+3 096

RAREB 13.5219-0012

B — evy 13.5270055

Bt - 7t K" | 13.52 £ —0.0009
TOTAL 13.5275-78
GRAND TOTAL 13.5275-82
B — ev

Stat Uncertainty | Data Statistic | 22.09 £ 4.60
PDG Uncertainty BB 22.09703%
b — ulv 22. O9f8 85%
RAREB 220970022
B — evy 22.09+0.11
B K| 2200500
BT — K+7% | 22.09 4+ 0.0008
TOTAL 29, 09+) 35
GRAND TOTAL 29 09+i11 8%
B - uv
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E-id / Mu-id

* E-id: Likelihood function of
* Cluster Energy in the ECL
* Track mmt in the CDC/SVD
* dE/dx in the CDC
* Position/shower shape of the cluster in the ECL
* Response from the ACC

* Mu-id: hit position/depth penetrated at the KILM
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