and AT (B°)

DI PADOVA
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Dissipative effects, M = (2
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Ll oo sro Theoretical motivation

» Consider BB as an Open Quantum System:

- Le., interac’cingwith an environment

» Weak couPIing ( gravitational interaction ):

dgnamics well known
standard time evolution equa’cions modified 139 interaction with environment

clissipation effects described ]33 6 new parameters, each of the scale of about
2

M ~ _
—2L2 ~10"°GeV ( =107°T},)
MPlanck

test in fact simpliiied model wi’ciijust one dissipative Parameter

Benatti, Floreanini, Romano
“Irreversibility and dissipation in neutral B-meson decays”
Nuclear Physics B 602 (2001) 541-571
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@T j s o Single Tag Decay Rate

» Time evolution of untageed B’ = ¢vX

lepton charge

N(T)=N,e T[1+ffz(cosz+sian)+9(1+M)+62(—
+

L Wth’C :

T=IAt

% = (IPIZ - IC]P) / dPIZ + qu) more details in S.Marcantoni's thesis :

. « Dissipa’cive effects in neutral B meson decags”
6 - Ar / 2 r Universita' Trieste AA 2015 2014

? : adimensional clissiPative Parameter

s Similar relations applg to tagged events
® Jest Feasibili’cg on BABAR data (415 fb)

Franco Simonetto Universita' & INFN Padova
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® 5x10° signal events from B° —>D*¢*y clecags with e

Partial D —>n_D°, which does not need

| — Fit Result

CP-eigenstates

800 —
| Bl Oother Peaking
[ Bl pxx*

reconstruction of the D°. ool W8 BB combinatorial

@ Well established, high efficient selection of Bstates,

used for world class BABAR measurements:

continuum

' = 1.504+0.013"%% p

Am, = 0.511%0.007+0.007 ps '

lepton tag, PRD 012004 73 (2006), 81 fb!

Sep = (0.29+0.84":%)x107°

Kaon tag PRL 112006 86 (2012), 425 fb!

& Mainissue :

- At measurement

Franco Simonetto Universita' & INFN Padova
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1 s At with Partial reco: “Decay” side

DI PADOVA

&
L
L/

9

o Sl
I
G S

¢h e

bl

i
NS
@ Decay vertex from ¢, T and

beam sPot intersection

® Tracks from unresolved D°

(green) are not identified
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5 l -'|

® Deca9 vertex from e, 7 and
beam sPot intersection

® Other vertex from the

remaining charge tracks

® Tracks from the unresolved D°

PU” the tag vertex towards the

clecag vertex
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@ Decay vertex from ¢, T and

beam sPot intersection

® Tracks from unresolved D° Pu”
the ’cag vertex towarcls the

ciecag vertex

Bias: At o

casS
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@ﬁ o S At with Par’cial reco: remecly

1. A

@ Decay vertex from ¢, T and

beam sPot intersection

® Tracks from unresolved D° Pu”
the ’cag vertex towarcls the
ciecag vertex

& Dias: At < At

meas true

& “Cone cut” : remove tracks near to the T

_ bias on!g reduced

- ejr:ﬁciencg loss, resolution worsened

® Usejus‘c one track (¢, K)

= gOOCl Oﬂlg ]COF taggecl 8ﬂ8|95i5

- spoils At resolution

Franco Simonetto Universita' & INFN Padova
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& Three sets cnc tracks
S From B —>v e D~ —> . D°) “Reco” vertex
- D°->X “D” vertex

- other B ->X “Tag” vertex

& In each event consider all Possible combination of tracks (except Z,ns) n

two sets :
-~ D sidc/Tag side

® Choose the combination maximizinga likelihood £ based on severa
variables (Ntag, N B B szag, X, C0s(0) AE ...)

®» [ tuned on simulated data

Franco Simonetto Universita' & INFN Padova
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G

@ Three coordinates are reconstructed
_ Z,R: B° dec39 Posi’cion) from % and beam spot constraint (“Reco”)
_ Z’l’ag: other B decag Point, from the tracks assigned to the other B

- ZD . obtained from the remaing, tracksj representing the D° deca9 Point

® Define

- D2=72, -7 -> evolution of the entanglecl BB wave function
~ dz- L, -Z_ —>D lifetime Projected along beam axis

® ProPer time ditference is coml:)utecl in the “boost aPProximation” :

At=AZ/(cPy)=(Z—Z )Py ct)

Franco Simonetto Universita' & INFN Padova
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& Resolution (recl line) is almost as gooc] as that with gu”g reconstructed

events (cJots with error bars) !

® Greg dashed line : result with a cone cut

TFﬁéijiés True_Res_py
2200 Entrles  1.548772e+07

Mean 0.004338
RMS 0.01998

2000

1800
1600

At —At

true
1400

1200
1000
800
600
400
200

8 _ T B

0 0.05
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e Resolution Effects

o\ ~h_:_\\‘/"' DI PADOVA
@ [irst test on BABAR signal simulation, fit for AT, D :
AT = (1.2"%7)x1072

9 = —(1.98+1.27)x107°

& lest resolution egect : smear Pseuclo—-data Per event resolution bg 109%

AT = (-0.0014"0%32)x 1077
9 = —(3.78+0.86)x107°
e Conclusion:

_ Resolution efects have sizable impac‘c on both central values and errors,

Possiblg leacling to claim (fake) 4o Aiscoverg !

~ Actual resolution should be determined with 0(%) Precision

Franco Simonetto Universita' & INFN Padova
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® The measurement is Potentia”g very sensitive and interesting

- Dissipative effects have never been tested in BB entangled sgstem

- Strong oPPortunitg to improve ti'ie imowiedge cnc other icuncﬂamentai
Parameters 5, AT, T, Am ...)just using BABAR data

- .. usinga brancl new approaci'i For vertex reconstruction

S ... however

Franco Simonetto Universita' & INFN Padova



f,j UNIVERSITA
=

m

i

A8
g

/ marem Conclusions (in fact advertising)

] By
Tl

e DI PADOVA
@Sy

® Progrcss IS hamperecl bﬂ !8C‘< OF PCOPIC @ WOT"(

® DePencling on available resources one could Pemcorm:
- untaggecl measurement of (9,8, AT, T°) on existing BABAR data
~ add tagging information (increase sensitivitg, + imProve on Am, )
- Pencorm a combined ana|95i5 of BABAR and Belle results

& In any case

- pave the way for an elcgant and soplmisticaﬁecl high~preci’sion measurement
with Belle2 data

Franco Simonetto Universita' & INFN Padova
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® Need careful unc‘erstanding of resolution effects

® Sofar investigated
- track multiplicity inTag & D side
~ o(Ab) distribution in Tag & D side
At distribution in D side

& Next Plots :

- Points with error bars : backgrouncl subtracted data
- 96”0\1\/ area: MC expectation for signal (ancl Paking backgrouncb events
- Ratio : Data/MC

Franco Simonetto Universita' & INFN Padova
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10°

First Check : track multiplicitg

10°

TuneNtag-Ndcy

10°

14000
12003
1000
aoof

600/

400}

2500
2000]-
1500[

1000}

NOth+N

1600}
Dey 14003
12003
10003
soof

600

400F

|:nm nnnnnnn Ndcy
14
« E
o 13

@ Disagreement in the total track distribution (3™ Plot) , equallg shared !39

tag and clecag side

® June: remove ranclomlg MC events so that total multiplicitg agrees.
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masn  Test : 0(AT) distribution D side

DI PADOVA

not adjusted for N aGUUSth

| Sigma(DT)-DcySide | | SigmaIZTtagTuneN |
10° x10

L 3

+

6000

\ Ratio Tuned/ Not Tuned \ Ratio Tuned/ Not Tuned

Entries 5169
E Mean 1.57

0.94

—— F RMS 1.022

0.921

o5 1 15 2 25 3 3§ 0.9:0
0.88:
0.865
0.845
0.825
0.8%

+

0.78
0.76]-
0.74F
072

: el i B . Ll Ly o .

22 | Simulation:

- ratio achustecl / not achustecl

Multil:)licitg tuning not much effective
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| SigmaDTtagTuneN | [ SigmaDTdcyTuneN |

10

10° 3 x10°

-

¢

6000

1.29-0.79"x+0.807*x*x-0.366"x*x"x+0.054"X*x*X*x

Ratio Coml:)arison:
o Tagsi&e
¢ Dside

Rough agreement

Franco Simonetto Universita' & INFN Padova
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® Weight MC events to have same o(At) as in data

& (Ulse indepenclent set of Parameters for Tag and D side

e Plot o(At) after ’cuning as a cross check.

| SDT-SDTtuned | [ SDTdcy-SDTdcytuned |
x10° %10° !

W[

— ——

0.5 1 1.5 2 25 3 35 0.5 1 1.5 2 25 3 35
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(@@)) Eﬂcuswnfrag side mUIthhCltH after o(AT) tuning (NFN

DI PADOVA

e Cross check: compare N, .1 after o(At) correction

| NtagSDZtuned |
x10°
1400 ——

1200} 11
- N - \/er9 ting distortion

1000
: o J Just remove events with

800[-

1 2 a 4 5 6 7 8 9 10
: N > 9
600 track

400 :
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DT-Dcy
Entries 9746306 —g.;:za:
Mean -0.2121 -

302.4 /17
RMS 0.9249 1.144e406 + 3.764e+03

—0.2586 + 0.0006
0.6235+0.0012
6.267e+05 + 3.594e+03
-0.4116 £ 0.0012

1.332 £ 0.003
5.137e+04 £ 5.111e+02
—0.7854 + 0.0090

3.95 +0.02

<
<

-IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII&

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII&

MNP B B B el g — M PP B B

-8 —6 —4 -2 0 2 10 -2 0

DT-Dcy DT-Dcy
Entries 9746306 09422
Mean  -0.2121 3024717

ANS 09249 S asas - 0.0008

0.6235 = 0.0012
6.267e+05 = 3.594e+03
0.4116 = 0.0012

1.332 £ 0.003
5.137e+04 = 5.111e+02
0.7854 = 0.0090
3.950.02

L
o
|

-
o

10 8 6 4 =2 0 2 4 6 8 10 8 6 4 =2 0 2 4 6 8
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