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SuperKEKB and Belle Il Detector

—  SuperKEKB
X
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,J P | Positron damping ring |

B Nano beams technique
beam size | 20 times

currents T 2 times RERE il
E (GeV): 3.5/8.0
I (A): ~1.6/1.2
B*y (mm): ~5.9/5.9
Crossing angle (mrad): 22

SuperKEKB e*/e-
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[ (A): ~ 3.6/2.6
B*, (mm): ~0.27/0.3
Crossing angle (mrad): 83
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SuperKEKB and Belle Il Detector

— Belle |l Detector (em catorimeter | [/ KL & p detector

CslI(TI), waveform Resistive Plate Chambers

sampling (barrel) | | P2

(barrel’o’uter»layejrs)

~ Scintillator &
v'_aiyfefl_,,e_vng ‘:*SHffting Fibers
. Multi-Pixel hotf')).,.n

inner 2 barrel
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Particle
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Vertex Detector

PXD: 2 layers DEPFET pixels detector
Beampipe r=10 mm
Layer1 r=14 mm
Layer2 r=22mm

SVD: 4 layers double side Si strips

detector (DSSD) Central Drift Chamber
He(50%): C2Hs(50%), small cell size,

long lever arm, fast electronics
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SuperEKB and Belle Il Detector

Integrated Ium|n05|ty
mmm Recorded Daily

—— [ Crecordeadt ={74.10[fb™1]

1.4 ¢

Lpeak—z 4 x 1034/cm2/sec

- 60

1.0 4. e 50

-t 30

Total integrated Daily luminosity [fb™1]
Total integrated luminosity [fb~?]

O Target dataset : 50 ab™! (50xBelle)
O Current integrated luminosity (2019-2020) ~ 74 fb~?!
0 New world record luminosity (June 2020) =~ 2.4 x 103*cm™%s~1

>2.11 x 103*cm™2s~! (Belle, June 2009)
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Time-Integrated Measurements
— Time-integrated CP violation : Prospect@50 ab™*

m CPviolationis a

sensitive probe to
physics beyond SM

Time-integrated CP
violation could be

measured by:

ND0—>f_

Npo_,s+Npo_z
Belle Il would produce
important
measurement
especially for channels
containing neutral final

states

Measured Aqp will
reach a precision of
0(10™%), also in
channels with neutrals

in the final state
2020/9/22
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O ACP = D ~f

D
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Belle I

Mode L@ Ay (%) Belle 11 50 ab ™!
D - KK~ 976 —0.32 +£0.21 £+0.09 +0.03
D’ = ntm 976 +0.55 +0.36 % 0.09 +0.05
D — 7070 966 —0.03 £0.64 £0.10 +0.09
D° — K2 x° 966 —0.21 +0.16 4+ 0.07 +0.02
D’ — KK 921 —0.024+1.534+0024+0.17 4023
D’ — Klp 791 +0.54 £0.51 +0.16 40.07
D’ — K%y 791 +0.98 +0.67 +0.14 4+0.09
D' =S 7 7 7° 332 043 £ 130 T0.13
D’ — Ktnn® 281 —0.60 £5.30 +0.40
D° — Ktn—ntm— 281 —1.80 £4.40 +0.33
Dt — ¢nt 955 +0.51 +£0.28 +0.05 +0.04
D+ — g0 921 423141244023 4+0.17
D" — nrt 791 +1.74 £1.13 +0.19 40.14
D" — 'zt 791 —0.12 +1.12 +0.17 +0.14
Dt — KJx' 977 —0.36 +0.09 £ 0.07 10.02
Dt — KK+ 977 —0.25 4028 +0.14 +0.04
Df — Kdnt 673 +5.45 £2.50 +0.33 +0.29
DY — KK+ 673 +0.12 +£0.36 +0.22 +0.05
D} — K*n"

Belle Il Physics Book; PETP 2019, 123C01 (2019)

OBellell = \/(O-sztat + O1521_»,.fst) ) (EE‘.»;ell-.e/50 ab_l) + Gi-i%red'
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Time-Integrated Measurements
— Time-integrated C/P Violation : Current Status

20

SCS decay, sensitive for CPV

o D*t - D%x¢, D° - K¢n®
CF decay, used to be

10

. D*—i— —>D()7T:_ D()_)KSKS
C o 406 e x?/DoF = 0.74
= Belle II preliminary > _ 1
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®m The resolution and T [rae=as U [Ldt=921fp1
background level is 22000 : PRL119, 171801
. o r g 10
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AM [Gev/c?] AM (GeV/c?)
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The selection criteria are different in the left plots (Belle Il) and right plots (Belle)



Time-Integrated Measurements
— Time-integrated C/P Violation : Cu

rrent Status
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L (O] C ) -1 _ _ -1
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Time-Dependent Measurements
— DY lifetime measurement D't > Dl DY > Knmx

10° __DU — Knmn Belle II (preliminary) i
« Data JLdt=961b"
. . . . L = — Fi :(4]02 4l)f
m fit the proper time distributions of T "t only
* 0 g |
three D™ -tagged D" decays channels.
. . S 0L
O unbinned ML fit 510
O per-candidate flight time errors
]__
-2 0 2 4
¢ [ps]
D""-i— N D(]Ej_ D{J — Kr D + D()E;{— ‘D[] - KJIIEU 430 :
T T T T T T T . F T T T T T T 7 r
o '_D“ - Kn Belle II (preliminary) _ D’ — Kaxt” Belle IT (preliminary) 425F Belle II (preliminary) 3
i 4] 10° _ 3 C _ -1 ]
.« baa fLdi=961" | Data Jrde=961 : 10k det—9.6fb E
& — Fit T=(@124 =3 4)fs | & — Fit T=(4133£29)fs r .
102} stat. only 0tk stat. only | — 415 r ]
| T N —
8 8 Q C | ]
g 7 | E 410 l """""""""""""""""""""""""""""""" -
E0f 4 E ol = I :
© I A = 405F =
L | | | 400 f_ ¢ Measurements (stat. only) _f
_ _ g [ —— Average 7= (4123 £2.0) fs ]
2 ' ' [l) ' ' 2 ' 4 ) J 0 ' 2 — 4 395 - World average T =(410.1 £ 1.5)fs E
t [ps] t [PS] 390 - | ] .
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Time-Dependent Measurements
— DY |ifetime measurement

® Proper time resolution at Belle Il is a factor of 2 better than Belle & BaBar, thanks
to the improved vertex detector and the “nano-beams” technique

O Belle SVD2 = 4 layers DSSD — Distance from first layer to beam: 30 mm

O BaBar SVT =5 layers DSSD —— Distance from first layer to beam: 32 mm
O Belle I VXD = 2 layers DEPFET pixels + 4 layers DSSD

Distance from first layer to beam: 14 mm
®m Sensitivity for mixing parameters would I
benefit from such resolution i

improvement. An example of Toy MC
study for DY — Km:

7
estimated | current Belle Toy MC : — Kr ]
error on HFLAV scaled >0/ab, : [ I
to 50/ab CPV ' 1

X (%) - (*) 0.45 == 0.15

x"% (%) —~ - %

Y (%) ~ 0.16 == 0.10 N

lq/pl ~0.09 - 0.051 '4

® (©) ~9 - 5.7 Resolution improvement * lps]

2020/9/22 Beauty 2020 visibleatt < 0 10



Time-Dependent Measurements

— DY-D®mixing: brief introduction
m  Mass eigenstates and flavor eigenstates /\

ID1,5) = pID®) + q|D°) " f
m Definition of mixing parameters \j:”?i B //
pommm o Bl LD D°
2T ’ 2

B SM prediction mixing via short and long distance interaction

c w u C d & S‘b u

— > VNN > > > C e E
D° d,s,by Ad,5b D’ p° W W D’ DO ~NCKK, )\ 50
- '\/\/\\\/\/\/\,—<—L — L. ~— - e .
m (P violation in mixing

O Direct CP violation O CP violation in pure mixing
Az 2
Il %1 4 =1, ¢ =arg(2) =0
Af p p

O CP violation in interference of decay amplitudes with and
without mixing _
q4r
——*1
p Af



Time-Dependent Measurements
— D%-D%mixing: D® wrong sign decays

m Rys(t) = Nys(t)/Ngs(t), could be used

t

0 measure mixing parameters and CPV

DCS CF

Wrong-Sign  K*r- D° Right-Sign g7+ 7°

B Ry (time integrated) in the Belle Il data

WS-to-RS ratio [107]

O Reconstruct RS & WS decays, extract PDF from
RS and use it to fit the WS distributions
6 T T
5.5 E- Belle II preliminary ¢ Ratio of yields
5 f Ldt=378fb! e Rati(? of branching
fractions [PDG]
45
4
35
3
2.5
2
15

] | 1
D—K*m- D'—K*nn® D'—=K*mrmtm

IIIIIIIIIIIIIIIIIIIIIIIIIII IIIIIIIIIIIIIIIIlIIII
- -
IIIIIlIIIIIIlIIIIIIIl IIIIIIlIIIIIIIlIIIIIIIlIIII
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Time-Dependent Measurements

== D% -D%mixing: D° - K¢t~ time-dependent Dalitz analysis

B Time-dependent amplitude fit I 10°
. . —~ 1 olle ata
O In self-conjugate channels like o S e
D? — KS7T+7T_, X and Y : §0'8z_ J-Ldt=9.6fb'1 N
parameters could be easily D° [Sel:Conjugated] K.hh \  Z°SF viopernes
. M, cS 3 - 1230 +15 (stat.) Combinalorial BG
disentangle from the strong \»a% }m‘/ I Fo¢f F
phase. DO I Eoof
I ] 3 = =
®m  Mixing parameters sensitivity @50 ab™*! ik 4 O l;/;[G T
103 e C
O \/ 2 2 1 2 I a
o = /(05 +02.) - (Lnn./50ab" ") + 02 .. 22
Bellell sat T Tsyst? ¥ Belle el G 2F Bellet 2019 $ Data
I S {gfk Preliminary —  Eit
O The improved proper time resolutionisnot | 2,4 de o | .
considered : — 14 t=9.6 ~| signal
o
1.2 ) 1 E Random n_ BG
— Yield per fb™' =
Data stat. syst. Total | stat. syst. Total : :13 1 12|§0 f ?; (stat.) 22 Combinatorial BG
red. irred. red. irred. | Qo 0.8 a ’ 4 ombinatoria
L x(107) | |y (0™ -
976 b~ | 019  0.06 011 020 | 015 006 004 016 | T
5ab-'| 0.08 003 011 0.4 | 006 003 004 008 | 04
50ab~' 003 001 011 011 || 002 00l 004 005 | ; ©o02
|a/p| (107%) [ ¢ ()] | 0 :
076 5! | 155 5256 7067 178 | 107 4445 3837 122 o0 2 4 6 8 10 12 14
5ab 1| 6.9 2325 7.067 99101 47 1920 3837 6364 : Q [MeV/c?)
-1 .
50ab~! | 2.2 0708 7.067 7.0-7.4||[15 06 3837 4.0-4.2 | , m The resolution of release energy,
Belle Il Physics Book; PETP 2019, 123C01 (2019) | Q,isa factor of 2 better than
|
Belle
1
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Time-Dependent Measurements

Candidates / (60 fs)

D
<o
Belle I

= DY%-D%mixing: D° - K;ntm~ time-dependent Dalitz analysis

Belle Il 2019
Preliminary

] Ldt=96fb"

7, {D°) =
408 + 5 (stat.) fs

10°
102 ¢ Data
- —Fit
10
-2

B Proper time resolution comparable

4
t [ps] _ , \
compatible with world

average (410.1 £ 1.5fs)

to the ones observed in lifetime

analysis

2020/9/22

m2 [GeV?/c|
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Belle Il 2019 Preliminary .[ Ldt=96M"

N
FK*(892)”

AN

05

1

1.5

2

m2 [GeV?/c’]

2

5 3
p(770)°

®m Sensitivity study for mixing and

CPV parameters measurements,

with the consideration of

resolution of Belle Il detector,

Is ongoing.
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Full Charm Event Reconstruction

B Method: Tag the D meson in the rest of event, deduce the kinematic
information of desired final state by information of other particles

180

O Light mesons (K, m, ... ... ) ot o e
/" R il
tom L cE | o
ee —cc— BtangragD51g — signal channel 2. DO - invisible
S .f PRD95, 011102
Reconstructed in several channels (D°, D*, D ... ... ) i
ll>-‘ B[I:
O Useful in: inclusive branching fraction measurement, ¥H
study, rare/forbidden decays search J:
PRI B I IR I arE T B

184 1845 185 1855 186 185 187 1875
Mg [GeV/c?]

m Example: recoiled method for Ds leptonic decays
O ete” = ¢C > DigXpragKDi™, Di* = Dy, Dg - u'v

Priss = Pems — P(DtangragKy:u)

: : -1 ° |
B Expected signal yields @50 ab : so_ DF > ity
Mode Belle Belle 11 S *r JHEP09(2013)139
(0.91,0.92ab=")  (50ab~") P
D= — ub 492 + 26 27000 G
D™ — pu7b — 1250 = o
Inclusive D° — anything (695 +2) x 10° 38 x 10° ] S A A | RS s |

iss(DtagKfrangragY”') (GeVZ/ 04)

m

Bel)e Il Physics Book; PETP 2019, 123C01 (2019)
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Conclusions

» Belle ll is expected to have important contribution for
many charm measurements, and we are moving
forward with the newly collected data.

m Designed peak luminosity of SuperKEKB : 6.5 X 103° cm™2s
B Target dataset: 50XBelle

» The resolution for proper time and release energy Q
are better than Belle, owing to the new vertex detector

and “nano beams” technique.

® Proper time resolution improves a factor of ~2
®m InD° - K.mtm™ channel, the resolution of Q improves a factor of ~2

» Some nice works are ongoing and there will be more
exciting results in the coming years.

Thank you!
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