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The BELLE experiment

* Location: Tsukuba, about 60
km NE of Tokyo

* asymmetric € ¢ collider at
Y (4s) resonance; so called B-
factory”

* 5,000 bunches in a ring of
3km; bunch spacing of 0.6m
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The B°B° decay
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The beam interaction profile (BIP)

z-resolutions:
. e 6 (FR): 50 pm
fﬁ\? , e 6 (PR): 120 um

* possible improvement with
better vertex reconstruction

<A 4

* intersecting the FR side B

vector with the BIP to get z,

I
* limits to the possible polar
N angles of B-meson plane
&0 * BIP extensions:
i O 80 pm
“a o, 5 um

c, 3000  pum



expected time resolutions

® Vvarious

— dominating effect z-coordinate resolution: ¢ **~ ¢ “M°

— measurement errors on momentum vector direction

— angular dependence of 6
. for z , z, in CMS

Gzlab [Hm] thab [pS] GtCMS [pS] GtCMS [TB]
full 50 0,43 0,39 0,2
partial 120 1,02 0,94 0,5



QM and flavour asymmetry

QM { ; __ N(=|t1t2)—N(#|t1,t2) _  cos (AmAt)
E¥T(A) = N(=[t1.t2)+N(#[t1t2) — cosh (1ATA¢)

ARM(AL) = P(= [ti,t2) — P(# [t1, t5) = cos (AmAt)

AQM(At, ,\) — COS (A?nﬁt) exp (—/\ min (tl, fz)) o

(1 + cos (AmAt) exp (—Amin (¢,%3))) e
P(# |t1,t5,A) = =(1 — cos (AmAt) exp (—A min (t1,15)))

P(= [t, 12, ) = P(= [ty 1y, A) exp(—ty) exp (—t5) @
p(# |t1,12,A) = P(# [t1, 12, ) exp (—t1) exp (—£2)

QM ratio of events to be
expected for meson
pairs

to the number
of events, defining
asymmetry

inclusion of one
possible coherence
model term

probabilities of non-/
equal flavour pair

lifetime corrected
pseudo pdfs



Probability distribution behaviour

| pdf EQ, ts:50, 2.=0.5000 |

quick2d
Entries 2500
Mean x  3.852
Mean 3.852
RMS x 233
"IRMS y 2.331
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(1 + cos (AmAt) ex
P(# |t1,1,A) = (1 — cos (AmAt) ex

P(= |t1,t3,A) =

equal flavour distribution

p (—Amin (t,15)))
p (—=A min (11,25)))

non-equal flavour distribution
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Entries 2500
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Probability distribution behaviour, time corr.

| decay corr. pdf EQ, ts:50, .=0.5000 |

0.63"
0.4

0.2~

p(=[t1, 12, A) = P(= |t1,t5, A) exp (—t,) exp (—£»)
p(# [t1,t2,A) = P(# [t1, 13, \) exp (—t1) exp (1)

quick2d

Entries 2500
Mean x 0.758
Mean 0.758
RMS x 0.7925

“|RMsy 0.7925

equal flavour distribution

o | decay corr. pdf NEQ, ts:50, #.=0.5000

non-equal flavour distribution

quick2d

I RMS x
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Entries 2500
Mean x 1.439
Mean ¥ 1.439
1.325
1.325




Simulation

* generating exponential decay-times

{1, T} pdf(T.) = ;- exp (=) (“MC-truth”)
: 2
{Ey, Extt pdf(E,) = gfmu EXp (—%) * generating gaussian measurement
errors

{my,mo}" ={T\ + E,, Ty + E5}" e simulated measurement

e flavour simulation

P(F} = non — anti) = é - one picked at random
P(Fﬁ = F] ‘f-i;. tlz) — P(: ‘ti: tlz) — second picked according to P(=)
| times (£° - t7°), MCexpect, events: 10000 |  |engies  10000° ‘ times (£I"° - t7°?%), MCexpect, events: 10000 ‘ _fd___
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Resulting distributions

measured times EQ, 5.=0.5000, MCexpect, events: 1nuuu| fillzd — equal ﬂaVOllI' dlStI'lbutIOIl

Entries 7582

Mean x 0.8399
Mean y 0.8447
|RMS x 0.8505

.. lewsy osw| e degrading resolution visible
in more spread and more
characteristic non-equal
distribution

3504
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1503

10{]—f 0 *| measured times NEQ, 2=0.5000, MCexpect, events: 10000 .iill2d

1 - Entries 2418
Meanx 1.478
Mean y 1.476
... | RMS x 1.358

|RMSy 1443

* deviations from the previous
flavour distributions due to
the missing error treatment in
generated pdfs ...
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Log likelihood fit

* using convolution on the normalized for treating the time
measurement errors

— most simple case: use single gaussian convolution kernel on
each time axis

* pdfs corrected for the decay-times of the mesons:

= ‘tl,fz /\
toto| =, 0, 09, A // Kttt )
1 (t, — t))? (ty — t5)?
k(t.t5. 1 thloq. 05) = exp (— L7 Vexp (— =a
(1; 2,04, z\ 1, z) ONG10% I ( 20_12 ) P( 20% )

* for all measured/generated decay time tuples calculate
(according to their flavour)

ﬁ()“ =) = i1 logf(t-i:,t§| =, 01,03, \)
L(A) = LA =)+ L] #)



convoluted pdf equal flavour

convoluted pdfEQ, MCexpect, ts:200, /.=0.4737
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quick2d

Entries 2068
Mean x 0.8207

Meany 0.8207
RMS x  0.8355

RMSy  0.941




convoluted pdf non-equal flavour

[convoluted pdfNEQ, MCexpect, ts:200, 4=0.4737 | quick2d

Entries 2068
Meanx  1.474

Meany 1.474
RMS x 1.344

RMSy  1.412
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Behaviour of the pdf, EQ flavour

convoluted pdfEQ, MCexpect, ts:200, ».=0.0000

quick2d
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Entries 2068
Mean x 0.8363
Meany 0.8363
RMS x 0.8135

RMSy 0.9215




Behaviour of the pdf, NEQ flavour

: — quick2d
convoluted pdfNEQ, MCexpect, ts:200, »=0.0000 Entries 2068
& 10 Mean x 1.615

Meany  1.615
RMS x 1.504

RMSy  1.565
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Behaviour of the fit minimum

fit results, A = -0.0500, events: 10000
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“moving closer to BELLE data
the BELLE GEANT MC-data

MC data produced 1n
amount of 3 times the

sufficient statistics for
background estimation

used MC 1s as close as
possible to real
experiment data

reconstruction was run
filtering for one fully
reconstructable B
meson

"B decay modes code"
2 : BOB --> D+ pi-
1 : BOB --> D*+ pi-
6 : BOB --> D+ rho-
5 : BOB --> D*+ rho-
10 : BOB —--> D+ al-
9 : BOB —--> D*+ al-

e 450*10° B or B°

e reconstructed B-s:

150000

e efficiency: 0.03 %

%29



reconstruction sequence

* Example decay tree B —» D" 7
* cross check with “MC- L
truth” to estimate & D’ 7
classify different sources ¢
of background K

contamination in
— bottom up L

— top down



checking the reconstructed B

- fill1d
m,. , events: 1385 Entries 1385

Mean 5.269
RMS 0.01943
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Angular B momentum dependence

- fillld
MC-B_mom(LAB) over 0, events: 1385 Enifies 1385

90 Mean 7.933
- RMS 2.15
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The FR vertex

e the reconstructed FR-

vertex positional

resolution checked
against MC-truth

| FR Vtx pos. deviat. z, events: 1385 |

| FR Vtx pos. deviat. x, events: 1385

fill1d
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Z-Zipue

| FR Vtx pos. deviat. y, events: 1385
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Summary & outlook

* atoy MC has been created to show the feasibility of
fitting the model parameter A

e primary particle and z, reconstruction efforts successtul

e TODO:

— verification of momentum resolution of reconstructed
B-mesons

- z,, Z, Teconstruction

— consistency check with MC-data (A=0)

— modification of MC for generation of ( A # 0 ), and
fitting those data

— move on to



Thanks for the attention



QM coherence model investigations

- \'
entanglement Q """ K 0
reﬁion I %? \

decay point 1
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lab [ l»lm] CMS [TB]
full 50 0,2
partial 120 0,5

partial
reconstruction
side (PR)

e Am=0.489 10"? hs!'=0.754 Tso ACM(AL, ) = cos (AmAt) exp (—A min (£, 15))





