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" INTRODUCTION TO 75 AND B? — BY MIXING MEASUREMENTS
Belle I

T3 MEASUREMENT B? — B MIXING MEASUREMENT
o~/ - Neglecting CP Violation:
P(Ar) = S o181/
7B Pgogo_,pogo (At) = P (Ar) = B [1 4 cos (AmyAt)]
- Separated for 70 /50 and 7+ eB_| Atl/7y0
- Ratio _:L PBOBOQBOBO/BOBO(AI) =P_ (Al‘) = 4 [1 — COS (AmdAl‘)]
B0 /B0 TRo
BELLE-BABAR RESULTS BELLE AND BELLE II COMPARISON
- 70 = 1.530 £ 0.005 £ 0.009 ps A — Az
- 75+ = 1.640 = 0.010 £ 0.010 ps (By)c
- 7+ /10 = 1.068 £ 0.009 £ 0.007

» - Az is distance between By, and By,
- Amy = 0.508 £+ 0.003 + 0.003 ps (A2 Bette ~ 200 pum

- First uncertainty is statistical.

y 155 _ - (AZ)Bete 11 ~ 130 pm
- Second uncertainty is systematic.
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BELLE Il DETECTOR

More at Friday’s talk about "Belle I and SuperKEKB status and progress" by Hulya Atmacan |,



D
> VERTEX DETECTOR (PIXEL & STRIP DETECTOR) <D

EREaE s

DHP
(digital

Radius Thickness R/ ¢ pitch Z pitch Sensors Ve procesing) \‘“\
[mm] [pm] [pm] [pm] —
PXD Layer 1 14 75 50 55-60  2x8 .
PXD Layer2 22 75 50 70-85 2x2" o Nz Loy
SVD Layer 3 39 300 - 320 50 169 2% 7
SVD Layer4 80 300 - 320 50 240 3% 10 ) L o
SVD Layers 104 300-320 50 240 4x12 o Wiy
SVD Layer 6 135 300 - 320 50 240 5% 16

. . . ) Schematic view of PXD sensor
*PXD Layer 2 is not complete, but full pixel detector will be used after replacement in 2020. 5/12



IMPORTANCE OF THE DETECTOR ALIGNMENT

- Alignment important for time-dependent analysis

Physical distribution ® Detector resolution = Measured distribution

Ar rAG Az
I‘l Radial expansion Curl Telescope
| | Ar = Cscale - I rA¢ = Cscale * I + Co AZ = Cscale * I
I\ ( (@) )
// \ I =
/ \\ Elliptical expansion Clamshell Skew
AR N Ar = Cscate - €05 (2¢) - I | A = Cscale - €05 (¢) | AZ = Cscate - cos (¢)
R v i o aw S e  S
Arlps] At resolution [ps & ~
- Sensor displacements deform detector resolution distribution. .
0.07 = - &
0.06
0.05 ;—

o
3
‘\H\‘HH‘\HI‘HH'HH‘IH
e

Bowing
Ar = Cscale - ‘Z‘

Twist
rA¢ = Cscale - Z

o

L

Z expansion
AZ = Cscale - Z

x? invariant modes of minimization algorithm

ALIGNMENT AND CALIBRATION TASKS

B N ~ N\ 1) Precisely determine alignment and calibration constants.
o €O8 T \ & ‘ . L L
No N = .2 Q § I l 2) Validate and monitor alignment constants and uncertainties.
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Transverse impact parameter resolution

0.040  —r———————————————————
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0.035 | 4 CDC+SVD 3
—~ 0.030 | =
g ]
< 0.025 | 12.1 -
. o Y ogs = 12.1 pm ]
Result for strip sensor S -+ Wt ]
12000 ol '] E 0.020 | o6s =20.5pm .
S0 s Noan 125 4 -+ E
10000 3 | FS— ~ —— ]
L H | Mean 7832 ~—~ .01 - —
. 1 St Z 0.015 ]
F T s ]
: < o010 F - -+ .
5 6000 E —— - 1
s | 0.005 - —— -1
3 4000 | g I Ldt ~22pb ]
- —— ]

2000 0.000 L e T o e =
-100 =50 0 50 100

sttt sl
S 20 0 on dy corrected for beam offset [pm]

T { TS
; : +"0*"h+"q* H’(»*Ho"o ittt $oatst +*94fb4*o"*féq."4"”;’**'*’o**"*"i*‘i*f LRTOUATTLNRLUROY ! it s §ipd0d LTI

gz { L t e # LA LI Ty s *H** *H*’i” 44 3 ’+‘§§§+Q*§....§‘.O
s

12/05/2018 19/05/2018 26/05/2018 02/06/2018 09/06/2018 16/06/2018 23/06/2018 30/06/2018 07/07/2018

Time dependent VXD alignment validation 7112



ALIGNMENT RESULTS & VALIDATION @ COMMISSIONING RUN (@)

Transverse impact parameter resolution

Interaction region spread delivered by SuperKEKB 0.040 ——r—r———— — —
- : : . . 4 CDC+SVD+PXD Belle Il 2018 (preliminary)
Belle I 2018 (preliminary) 0035 |- + CDC+SVD n E
53000  Median=-0.015cm — oom0 F E
U 2500 | 063=0.055cm ! E g
Py ! 0025 | gy~ 121 3
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S 2000 F b 14 ) ot ]
= + += Runs 1869-2047 Z 0020 [ o6s=20.5um " 3
~ g
- 1500 f o, i 4 -+ ]
@ , = o015 | -
5 1000 | ' 15
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Global cosmic run in 2019:
Cosmic track is passing full vertex detector
9/12

Commissioning run in 2018:
Track from collisions is passing vertex detector



EXPERIENCES USING EARLY DATA

> MONITOR 2 INVARIANT MODES
®/ é ek \ ® Tracks pass overlapping ladders in layers
'“"’“:‘ o Residuals differences in u and v coordinates
e Possible to use cosmic, collision or background tracks
o Possibility to estimate systematic error

Schematic view Overlapping sensors in layer in details

EXAMPLE FROM DATA

Entrles 300

Entries 9135538
Mean x

© More than 4 - 10 cosmic tracks without magnetic field

E Mean y B
5 Std Dev x ) . .
g Std Do 2 Std D=y o PXD and slanted SVD sensors are at nominal position.
E 8
H H
H o 2 Y o SVD barrel sensors are affected by radial expansion.
H 3 3 Systematic movements of SVD
H El- 5 . o
g H = barrel sensors in radial direction
H H
H g about 100 pm.
2 g
£ 2
5 5
-0y oD D00 800 500 %60 200 100 0 100 200 300 => Possibility to improve alignment procedure.
Difference between residuals in V coordinate [um] Difference between residuals in V coordinate [um]
Result for data Monte Carlo analysis = Possibility to update resolution function.
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FUTURE ANALYSIS PLANS: SEMILEPTONIC B DECAYS

Belle I

FULLY INCLUSIVE MONTE CARLO STUDIES
(TWO LEPTONS IN EVENT)

+ Highest statistics
— No way to enrich the sample in B+ /B°

T T T T T T
Belle Il Simulation Belle Il
Simulation

10%

— Modelling of background might not be trivial i e *
4
FULL RECONSTRUCTION OF B — D) [ v K uin: B O -
-10 0 10 -10 0 10
+ Can separate B* from B° » i A e N los] A
+ Better control of background 50 o (A7) 301‘30%3030/1‘901‘;0( J

T
Belle Il
Simulation

T T
Belle Il Simulation

— Significantly lower efficiencies

PARTIAL RECONSTRUCTION OF
B— D" (—D° o) IV 10
+ Better efficiency

+ D* momentum is interred from 7,,; momentum
— Higher background

0 0
At[ps] At [ps]

reco reco
Pyigo s popo (A1) PBOE°—>B°B°/B°1§°(AI)11/12
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SUMMARY

Belle I

Belle II detector was commissioned.

Partial vertex detector was successfully installed.

Full vertex detector installation is planned in 2020.

Sophisticated alignment procedure was applied.

Alignment results are precise and stable.

75 and B® — B® mixing measurements will be performed on the dataset taken until this July

sig l

soft 12/12
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D
t I Belle I

Stefano Lacaprara: First look at time-dependent CP violation using early Belle II data
Niharika Rout: Measurement of the CKM angle -y with Belle 11

Justin Tan: Early physics prospects for radiative and electroweak penguin decays at Belle 11
David Perez: Prospects for 7 lepton physics at Belle 11

Markus Prim: Semileptonic and leptonic B decay results from early Belle II data

Chris Hearty: Dark Sector Physics with Belle 11

Jake Bennett: Exotic Quarkonium Physics Prospects at Belle 11

Hikari Hirata: Sensitivity to X(3872) total width at the Belle II experiment

Hulya Atmacan: Belle II and SuperKEKB status and progress
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BACKUP: COMMISSIONING RUN D

Belle I

Belle Il commissioning run means in Belle Il jargon. There was used full Belle |l external detector
with internal background detector (VXD samples shown in slide 4). Collisions were provided with
full superconducting final focusing.

Calendar year 2016 2017 2018 2019 .
Japan FY JFY2016 JFY2017 JFY2018 JFY2019
Summer shutdown| Summer shutduwn| Power saving Summer shutdown|
(power saving) (power saving) | =fter mid July 20.8 (power saving)
| (end Feb. —mid Jul. 2018) \w/ full Belle I
phase 1 :j;%;f.,i‘, phase 2 (MR), 1phase 3
! - - -
: w/Qcs ;
MR renovation for phase 2, including ! e ";/Bi”e':‘““vxm :
MR startup installation of QCS and Belle Il ; LER ;::t :ll)(l‘ installation
U

li . Assumes phase 3 operation
R commissioning 9 months/year

y,

I | | I | I | |

DR installation & startup
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BACKUP: PHYSICS RESULTS @

COMMISSIONING RUN

140~ T REARERERES RaRRS! - ; .

F ] E F B oTvE K T T 3

- . - E - e e 3
120~ 4 E! A L8 E

F 1 B 16 = B - J;lvfp. u)):_o Belle Il ]

i 1 & E B® 5 Jly(e’ € » 3
100 3 . a1 B - iyl 1)K 2018 preliminary ]
N‘S) F ] s g 12F = :.. - ::v:e‘ e))l:( Ldt=a72pb”
[ ] : > ]

2 8O ellenr 2018 Grelminan) 4 2 Belle 11 2018 (preliminary 3 10F ' E
= elle preliminary) Z & Ldt=472pb* S E
2 6o JLdt=472 pbt | 5 T E
5 of ] & ] £ E
& I 1z E : ]
40 1 ] £ 3

r ] 3 £ E

20 1 : ]

' L' £

g.Z 521 522 523

5.24 5.252 526 5.27 528 529

005 0 00
M, (Gevic?) AE (GeV)

Hadronic decay channels

hadronic B tag

N o CR
hadronic B"/B" tag BY - Iyl 1)K’
T B® - Jiy(e” e) K|

[ seckgrowna [ seckgrowa

T T T T T T T T o
E 120 = 0 -+

Belle Il preliminary /«nc:um» ! Belle Il preliminary /dvc:u;ﬂr’ 2 14 B B° - Jiy(” 1)K
=

+ oma Prpr > 0.2 100~ 4 pata Prer > 02 312 Belle Il

W soa Npe = 389 + 43 W soral Npopo = 182+ 24 3 10 2018 preliminary
2
I

_[ Ldt=472pb"

8
6
4
2
8

Events / bin width [c2/GeV]
Events / bin width [c2/GeV]

.2 5.21 5.22 5.23 5.24 5.25 5.26 5.27 5.28 5.29 5.3
EMMMIMDMIMIMIMIDINDY M, (Gevic?)
i 53455 5355 56 5365 57 825 6b 5285

}E_*'*;_*‘—#*;_ ARSI Leptonic decay channels

524 5245 525 5255 526 5265 527/ 5275 528 5285

o M. [GeV/c e
Full event interpretation

We collect more than 500 B meson candidates in hadronic and leptonic decay channels at 500 pb’l. 15/12
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N BACKUP: FUTURE ANALYSIS PLANS >

3
el Belle I

" 7p and B® — B® mixing measurements using hadronic and semileptonic decays.
HADRONIC B DECAYS
e Testing standard analysis technique with low statistics.
e Possibility to use full event interpretation machinery to select our samples.
e Tag Vertex reconstruction and Flavor Tagger can be performed (commissioned).

SEMILEPTONIC B DECAYS
e Analysis technique is not standard but simpler.

e High momentum leptons provides high purity and large branching fractions of B — X 1v fore,
e The B decay vertices can be found as intersection of lepton tracks with beamspot

SEVERAL APPROACHES
e Fully inclusive (two leptons in event)
e Reconstruction high momentum lepton + B — D™) [ v
e Reconstruction two B — D) [ v

Analysis strategy is based on the signal side B candidate,
the tag side of B and

16/12
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BACKUP: SOURCE OF SYSTEMATIC UNCERTAINTIES
" - Based on "The Physics of the B Factories" [Eur. Phys. J. C (2014) 74:3026]

Belle I

SYSTEMATIC UNCERTAINTY OF 73 MEASUREMENT
At resolution

At background

Vertex detector alignment

Vertex reconstruction

Low Monte Carlo statistics

SYSTEMATIC UNCERTAINTY OF B? — B® MIXING MEASUREMENT
B measurement

At resolution

At background

Vertex detector alignment
Vertex reconstruction

Low Monte Carlo statistics

17/12



	Introduction to B and 0 - B0 mixing measurements
	Belle II and vertex detector
	Importance of the detector alignment
	Results from Commissioning run
	Experiences using early data
	Future analysis plans
	Summary
	Appendix

