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Belle Il at the Summer conferences

11 Contributions

LP 2‘*19 7 Contributions

+ several smaller workshops and other conferences
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Belle Il at the Summer conferences

Belle Il online luminosity Exp: 7-8 - All runs
- Integrated luminosity [fb~!] Full’S < | /J_
' EEm Day per Day ull Summerjresults "
0.25 - ot ZLyus) = pntributions
Lryus) =5.7/fb 5
0.20 - goff—peak — 0.8/1b .

0.15 A

0.10 -

Total integrated luminosity [fb~1]

0.05 -

Total integrated luminosity per Day [fb~!]

0.00 A

Plot on 2019/07/01
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B Mesons in a nutshell

Vs = 10.58 GeV
e™ - Y (48) - ¢

(bh)
/q . q\

(bq) (bq)

B mesons

N — — — 2 —
<mY(4S),O> = (\/m§+|p3|2,p3> +<\/m§+|p3| a_pB>

— |2 - — 2 2 ~
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B Mesons in a nutshell

v/s = 10.58 GeV
T P T Y T ™ T
€+ i T(4S) . 6_ . 20_Y(1S] {a)
|
= 16
T 5
(bb) S ol
/ \ ; Y(25)
e gf .
; Mﬁ
2 Lk Y(LS)
_ 7 ; —-‘) ¢ - e N——
(bq) (bq) R 3
9.45 9.50 10.00 10.05  10.40 10.50 [ 10.60

7 — 2 — — (2 —>
<mY(45),O>: <\/Wl§+|]93| ,pB>+<\/M§+|pB| a_pB>

— 2 — | _ 2 2
My (45) = 2\/m§ + | pB| — | Pl = \/inY(4S)/4 — mp ~ 340 MeV

l
Repeat a similar calculation for a charm quark m, ~ 1.4 GeV and you will get about 5 GeV
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B-Meson counting

Legende Polynomial

i
Fox-Wolfram  H, = Z il ~P;(cos 6;)
Moment: Y (Zi|7i|)

—
| P i I : 3-Momentum of charged tracks or neutral clusters

Hl'j : Opening angle between jth and jth particle

p(B)~03GeV/e | N\_ o e
OO Belle II 2019 Prellmlnary -

* Y(4S) data

500 \ f Ldt=2.62 b Bofi-resonance -

ete” — Y(4S) — BB

y

O' 400 .‘o..

g Z J —

N R, = HZ/HO_
g) C

Il 200F° -

0

ete” —qq (qe€ {u,d,s,c}) O 01 02 03 04 05 06 0.7 08 0.9 1
RZ
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Rediscovery of B — D" ~¢*u,

D* meson =~ {t ._

light
anti-quark

anti-B meson

light
anti-quark

1767 D,Lln 777‘
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Properties of B" - D" ~¢*u,

Four-momentum conservation:

Pp = Pp+¢ T D,

As the mass of the neutrino is ~ zero GeV2:

2
OG€V2 = p3 = (pB —pD*Lﬂ) — mB + mD*f 2pB Pp+¢r = mr%uss
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Properties of B" - D" ~¢*u,

Here:

P Ppr¢e = EpEp«p — 73 . ?D*f = EgEps+p — | ?Bl | FD*K | cos QB,D*f

Florian Bernlochner Gottingen - Bonn - DESY Workshop



Properties of B" - D" ~¢*u,

EgEpie — | Pl 1D pes| €OS Op pey

Putting this together and solve for the angle:

0=ms+mp,, —2 (EBEDW — | P'pl 1P pes | cOS QB,D*f)

2 2
2EgE s, — Mg — Miysy

AN NN

Florian Bernlochner Gottingen - Bonn - DESY Workshop



Properties of B" - D" ~¢*u,

1 2
mI%liSS — <(5Ebeam9030’0) _pD*f> ~ pz% = 0GeV*

2
OG€V2 = pg = (pB —pD*Lﬂ) — mB + mD*Lﬂ 2pB Pp+¢r = mr%uss

2 2
2EgE s, — Mg — Miysy

AN NN
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Rediscovery of B — D" ~¢*u,

Particle Selection
Tracks IP inz <2cm
/ o+ Tracks IP in r-¢ plane < 0.5 cm
. D 4 1.2 < p;, <24 GeV/c
D= 7~ _ e Electron likelihood > 0.85
Nl " Muon likelihood > 0.9
VEA n slow 7 pr < 0.5 GeV/c
“slow” D° 1.85 < Mp < 1.88 GeV/c”
D* 0.144 < Mp+ — Mp < 0.148 GeV/c”
D* pp < 2.5 GeV/c

2 2

2| Pl P perl

COS HB,D*f — = [_171)

2
m2. —((lE 0,0,0) — p* > ~ p> = 0GeV?
miss 9 beam>™>> D*¢ v
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Candidates / (0.00062 GeV/c?)
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Rediscovering of B-Mixing with B® — D" ~¢*1,

Charge of lepton encodes B-Meson type:

> > >

£~ < BY

T < B

D* meson (= e )

lu fleg 1t

anti-quark
colour
field

anti-B meson

light

anti-quark
colour
field

heavy
b quark

’767 D,ua Vr
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Rediscovering of B-Mixing with B® — D" ~¢*1,

£~ < BY

Establish existing of Mixing: double-tag SL

f T <> BO decays, information encoded in Ny, N i o4
time-integrated mixing probability:
. \ ratio of efficiencies
light
anti-quark /
light colour ‘ Nf+f— X €
anti-quark - field C Xd —
o @ a cauar Np+p++ Npp- X €
b auark 9Veb oy
// o v, =0.174 £ 0.009
g

Florian Bernlochner Gottingen - Bonn - DESY Workshop



Rediscovering of B-Mixing with B® — D" ~¢*1,

time-integrated mixing probability:

ratio of efficiencies

IR, Q Q Nf+f— X €
Si Btag )(d -
Nf+f+ + szﬁ”— X €

\_ / v, = 0.174 £ 0.009

BY <—>
T(4S)/’ - Az=cpyAr~ 130 um

Florian Bernlochner Gottingen - Bonn - DESY Workshop



Rediscovering of B-Mixing with

Partial reconstruction e -
(BO N D*—g% of D*- via slow pion RIEUR § I

Branching l‘spln conflguratlon;
£ fracton @ [/ <\ Smmmmm=="

68% [)0 31% )~ 7V
l slow l

Q Az 4% Ktg— 9% Ktn m~
D ECTTPEERPPERE TR
~ 14% Ktor 0
Q B 8% Ktatm n~
sig
% 2.5j
(,2, |
\ ]Tsoft J g 2;
o B
- = 1.5
Signal-side :
Calibration function from fit to MC: [
p(D*7) = 0.195 + 15.95 p(7, ) — 51.50 p*(7, ) + 101.5p* (7 ) . <+ 0.5
O I S SR TR NN TR SO SN TR NN T SO S SN N SR SR S |
0 0.05 0.1 0.15 0.2 0.25
P [GeV]

2
2 1 sk 2 _ 2
Mpiss = <(5Ebeam’o’090) — pD*f) ~ Py = 0GeV
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events / (GeV?/c?

AN

1000 -

500 -

0
-15
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[+ data /
- [Ob —c — 1y, +

fL dt=2.66 fb" v

0
- Itag from I:)sig
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[ combinatorial
[ continuum

-10 -5 0 5

AN

200 [

100 -

- Belle Il 2019, preliminary |

f Ldt=2661"

» data
b —-c - kiag }
Bl . from D]

[B* —»D*Iv
[ combinatorial
[ continuum

B’ - D*~¢*y, Signal

Fraction of unmixed events

0.8

06!

0.2!

0.4

ns f L dt=2.66 fb"

Belle Il 2019, preliminary

—e— —
L+
4

Expected

T = 1.525 ps

Am, = 0.507 ps”

5 10
At =Az/(cpy) [ps]



Hadronic Tagging with the Full Event Interpretation

Inclusive Tag
e — O(100)% T~

Consistency of By, %

Semileptonic Tag /IE

€ = 0(1)% _B"\E
Knowledge of B

tag =

Efficiency €
TUOI}eULIOJU]

Hadronic Tag Vs
e=001)%  —

Exact knowledge of Btag

We saw plenty of this

(pe+e— _ thag - pf) in Will’s talk

Py

Florian Bernlochner Gottingen - Bonn - DESY Workshop
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Belle Il goal:
50 ab-1

J

[

BaBar: ~0.5 ab-
Belle: ~1 ab-1

J

Next milestones: Winter 2020 (15 - 25/fb) and Summer 2020 (50-200/fb)

BPAC’s assessment:

38 The goal of the Belle II collaboration to collect 200 fb~! of data by the time of the
30 summer conferences in 2020 appears to be extremely ambitious. However, the committee
20 fully encourages the collaboration to make every effort for this goal, since this would allow
s the collaboration to start providing physics results comparable to the Belle experiment
2 in the core physics programme.



25/fb Program (Moriond 2020)

~

\_

~

Hadronic FEI Performance Studies with first Calibration using incl. SL

B—Xlv decays D

Semilep. FEI Performance Studies with detailed analysis of tag-side (cosBY,
Prob., Eff.) and signal-side properties

First untagged B—D*lv BF measurement

Establish |V | # 0 with endpoint of incl. B—Xlv SL decays ]

Hadronic FEI, B—D/D*lv rediscovery



Hadronic FEI

Next Goals:

e Full Calibration using B—Xlv as a

standard candle
o Procedure: Reconstruct B—Xlv using
tagged events
m Ssingle Lepton with high momentum,
clean up ROE for X reconstruction
m Determine BF after applying all
signal-side corrections (e.g. PID)
e £=N__/N

reco expected

o First global, once we have enough int.
lumi, differential in Modes and Signal
Probability

e Rediscover SL D* and D decays

B— Dx

_——

Be

B— D*n

le Il preliminary jc\at=5.15fb—1

g’ |
4000 | = D nn

JlwX
DK *
DS+ Do

D*°nn

3500

w

o

o

o
]

Candidates / (0.0025 GeV/c?)
1000

vvvvv

526 527 528  5.29
My (GeV/c?)




X = D/D* or all FEI

S L F E I modes?

o Focusin D and D* (no D** — D(*)m)
o  For truth matching a tag, how strict should we
be?
m Very strict: only fully correctly
reconstructed tags
m Less strict: Allow for a number of wrongly
assigned particles in D, D*
e How many charged and neutrals?
m Veryloose: Correct if Lepton is
reconstructed correctly?

e Moriond goal: Sig-Prob and cosBY plot
for public consumption What are
e After this: Calibration studies these?

- X l()" ..True B tags‘
Next Goals: S Fp+  yuu =
= 16 Dyqe H
. . b L aq
e Understand tag-side Properties £ 14
S + data
=

cosBY



200/tb Program (Summer 2020)

e Hadronic FEI Performance, full calibration as a function of modes and
Signal Prob. — Paper

e SL FEI Performance, full calibration — Paper

e Untagged/ Tagged B—xz v

e Untagged B—D*/v: BF + Form Factors + |V _|

e Had. FEl: B—D/D* I v: Validation of E_. shape, BF + Form Factors + |V _|

e Hadronic FEI: Towards B—D/D* z v rediscovery

e Hadronic FEL: Incl. [V | & [V _]| )

e Hadronic FEI: B — 7z v : first limit
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Efficiency Ratio of Data and MC
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