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First Collisions at SuperKEKB

The SuperKEKB e*e collider operates at a CM energy corresponding
(or close to) the mass of the Y(4S) resonance:
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The Belle II Detector

« Extensive upgrade of its predecessor (Belle) in all areas;

* Vast physics program: search for New Physics in B mesons, charm
hadrons, T decays, exotic particles, dark sector, ... ;

 High luminosity does not come for free:

> high event rate;

muon

. . detector
> high machine backgrounds;

EM calorimeter
> reduced energy asymmetry

(By reduced from 0.45 to 0.28). (g,

beryllium identification

The Vertex Detector (VXD) has not
been installed yet. In its place we b)) /
have a suite of detectors dedicated  vertex detector ¥
to background studies (the BEAST 2 %e s’
detector), which include a VXD bl
“slice” that corresponds to ~10% of drift chamber
the full system.
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Detector hlghhghts Belle I

simulation
Two areas are particularly important for S =
=2 O | Fitfunction: ¢ = a?+ —=—0p
TD CPV measurements: o o ZE
S 120 ¥ Be_lle SVD2 cosmic (Data) BN715
Vertex detectors: S t0oBl ) T - e osumone
. . 7] L Belle Il single track events (MC)
> spatial resolution of the new vertex oaTEE s o o g e
detector a factor ~2 better than Belle; et R
40 : : RiS=n .................
> despite lower Lorentz boost, we expect pof T gy
0(30%) improvement in the separation of e S O ST o R
the B decay vertices! ;2
: . 18 :
> ~30% bigger acceptance for K  reconstruction; s "% R
. . . pBsin(8)°? [GeV/c]
Particle Identification (PID):
. . .« e . > g RRARN RS LAARS LLEANRARLY LEALS LLELE ALY
> K-m separation is fundamental to distinguish ¢ 0.95__'4“‘"-- MR
among important final states and £ 08 _ _
back ds: o7f Belle Il simulation
ackgrounds; " ok
> crucial ingredient for B flavor tagger; gi T - K
> expected performance: K (n) efficiency > 90%, ost umw
with nt (K) fake rate < 10% for p < 4 GeV/e. a0 oy
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The CKM Unitarity Triangle

 The strength of the coupling of quarks via the charged weak current is
described by the Cabibbo-Kobayashi-Maskawa (CKM) Matrix;

e The CKM Matrix is a 3x3 complex and

Current precision: ~5°

unitary matrix; Vud Vus  Vup
* One of its unitarity conditions defines Vokm = | Vea Ves Ve
the CKM Unitarity Triangle; Vie Vis Vi
A
Im (b ) Current precision: ~0.7°

ViaV,

¢ = arg [— ViV,

VeaVy,
— arl —
O1 g[ v {’6]

(0,0

(110) ;?e

 Time-dependent CP violation measurements in B decays allow us to

measure the angles ¢ _and ¢ .
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Time Dependent CPV at Belle 11

 Flagship analysis technique at the B factories, exploiting the coherent
state of the neutral B pairs from the Y(4S) decay:

-Belle Il
rsimulation
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At = top — tiag 7

<Az> ~ 130 um at Belle II

T(B°(At) —  K2) — T(B°(At) — 7/ K9)
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Flavor Tagging + ., 4.

 Charged leptons, kaons, pions, A’s (and their
correlations) from the unreconstructed B help L x k-
determining whether it is a B° or a B,

 Brand new algorithm, exploiting more P
variables in two layers of MVA discriminators; Kow
» Its performance has been tested already on A

Bell : i
elle data 3ﬁ:Zi€i(1_2Wi)2 Ry —

VAR \ B

effective efficiency  mis-tagging probability
tagging efficiency  of category | of category i

i Old FT - Belle data: ¢ =(30.1+0.4)% gl-%*‘ Belle i S
! New FT - Belle data: ¢ = (33.6 £0.5)% ! ~ 100} ;ﬁ"
| New FT - Belle MC: &= (34.18£0.03)% %  Zonf h#ﬂ* |
1 e I ‘H 1 —||
- - B [-’r: it . |
! New FT - Belle Il MC: ¢ = (37.16 + 0.03)% i ke a;;m;;»*" Pra b
U0 o - - £ 0.25 |

Improvement w.r.t. Belle = |
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sin2¢ (sin2f) — golden modes

» The best sensitivity comes from the B° — (c¢) K’ modes, which have a
high branching ratio and are theoretically very clean;

BaBar: S= 0.687 £0.028 +0.012 PRD 79, 072009 (2009)
Belle: S = 0.667 £0.023 + 0.012 PRL108, 171802 (2012)
LHCb: S = 0.731%0.035+0.020 PRL115, 031601 (2015)

HFLAV Average: S = 0.691 + 0.017
 Experimental challenge: reduce systematic uncertainties:

Int. lumi: 426 fb™
Int. lumi: 711 fb?

Int. lumi: 3.0 fb™

No Vertex Leptonic
improvement improvement categories
Time-dependent Sczs (50 ab™)
CP-violation stat. 0.0027 0.0027 0.0048
parameter syst. reducible 0.0026 0.0026 0.0026
syst. irreducible 0.0070 0.0036 0.0035
Di Aczs (50 ab™1)
rect stat. 0.0019 0.0019 0.0033
CP-violation syst. reducible 0.0014 0.0014 0.0014
parameter syst. irreducible 0.0106 0.0087 0.0035

Two major sources of
systematics do no scale
with luminosity:

1) vertex detector
alignment;

2) DCS decays on
tag-side (does not affect
leptonic categories)

e Measure B’ = JAp n° (+ others) to constrain penguin pollution effects.
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sin2¢_(sin2f}) — penguin-dominated modes

 TD CP-violation measurements of b — qqs transitions (q = u, d, s) are
also sensitive to sin2¢_, but:

> being mostly penguin-dominated, they are
potentially very sensitive to competing New
Physics amplitudes (and phases);

> there are many different modes: it will be
possible to disentangle long/short distance

effects;

 Theory can make quite precise predictions
on the difference AS_of the TD CPV

parameter S w.r.t. the golden modes:

Mode QCDF [32] QCDF (scan) [32] SU(3) Data
R R 0.02,0.15] [—0.11,0.12] [36] R G
iKY @Sty [—0.29,0.02] R
xn' K% 0.01700 [0.00,0.03] (0£0.36) x 2cos(¢1)siny [37] —0.05 £ 0.06
i) - 0 0E [—1.67,0.27] —
* oK% 0.027005 0.01,0.05] (04£0.25) x 2cos(¢1)siny [37]  0.067073
CRY 03t [0.01,0.21] 03102
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sin2¢ B— Jiy K ) Uncertainty

sin2¢ (sin2f) — projections

% Full study based on Belle Il simulation
4 Extrapolation of Belle/BaBar results
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Determination of ¢, (a): isospin analysis

The measurement of ¢ from B — ww (or B — pp) final states comes

from an isospin analysis:

The following equalities hold:

a8
LAJF— | A0 40 J2 ~
\/5 A(Eo»nono)
1 ~ N N
A+ A00 _ 0 -
\/§ A/;= A(BO—’ﬂ—i_ﬂ_) A(Bo_’TCOTCO)
AT0 — AV—I—O
R AB—1 °) o A(B™— ' 1°)

Observables (for e.g. B — m): Gronau and London,
> branching fractions of: B® - a'n’, n'n’, a’n’; PRL 65 (1990), 3381

> direct (time-independent) CP asymmetries: C*, C%;
> time-dependent CP asymmetries: S*, S%.

Belle IT will be able to measure all these observables (modes with s
in the final states are difficult at LHCDb).

July 6th 2018 A. Gaz 11



Determination of ¢ (a): TD B® - n’n’

Only at Belle II: TD CPV of B® - n°x’, z e
exploiting n° — ye* e Dalitz decays and y At ~1.13ps £
conversions: L &= =
Expect ~270 signal events with full dataset; o %;ew

Predicted error on S” ~ 0.28;
This would reduce the ambiguity on ¢, by a

factor 2 or 4 (depending on central value).

= = e
- 0.87 ~08- | )
C B S -~ Pipe
0.6/ 0.6 1y ML Mg
0 4:_ 0.4- > /.., }‘. 3 ke
...................... 1:_ / "" :
0.2 0.2 i g
Un
TRl = 0 ¢ B Sl T = E i*
0 30 60 90 120 150 180 0 30 60 90 120 150 180 AN N
9, ) 0, () T 0NE e
_2j kY ‘\‘_:\:_;;____‘__'f et
Filled area: extrapolation of Belle results to Belle Il sensitivity. T T

-3 -2 -1 0 I1 2 3
Dashed line: same as above, but adding S®. x/ cm
Belle Il simulation
y conversion points

(r, ¢) view
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Scp (B = " w*) Uncertainty

Determination of ¢, (a): projections

0.09 : ‘ ‘ :
Belle Il  Projection (Feb 2018)
0.08
0.07
0.06
0.05
BOE: R s N
0.03
0.02 +Belle(II)70“/:dataY(4S):6rnonthsy T \\;\‘\‘
0.01 B:uz Iu; all doat:Ya(4(S), f)l;||u9 m:'::s S »
0 2017 2018 2019 2020 2021 2022 2023 2024
Year
Also on B° = 7t 1 Belle IT will be
very competitive with LHCb;
Unique sensitivity on B® = p*p and
+ + .0,
B* - p"p’;
Combining all the analyses will
bring the uncertainty well below 1°.
July 6th 2018 A. Gaz
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Solid black line: current sensitivity;

Dashed line: same as above, but adding S®.
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TD b — sy transitions

Even where TD CPV is not expected,
we have high sensitivity to NP;

In the SM, the photon in the b — sy b

process is almost 100% polarized;

In these kind of processes, interference between mixing and decay does
not occur, so any large CP asymmetry would be an indication of New
Physics (Right-handed currents, ...);

Current WA limit on TD CPV ~0.20: plenty of space for New Physics;

Most promising channels:

B decay vertex relies on - -
extrapolation of K, momentum o(5) Hbab™" 50 ab™

Komly 0.10 0.031
Kg7T+7T_’Y 0.12 0.037

> B> K y;

> BO - KS tt J'l?y, Rich resonance structure,

Dalitz Plot analysis
\ ) * y
K (1270) » K p’/ K"

July 6th 2018 A. Gaz 14




Belle II Status

* Rediscovery of particle physics is underway!
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what expected by the simulation. s oSV I s i

m(n*r) (GeV/c?)
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Belle II Status

D mesons have been observed in several channels:

‘\G 120— =
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Belle II Status

30~ Bellelt 2018 (preliminary)
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Outlook

|
Calendb| year 2016 207 2018 2019
Japan FY JFY2016 JEY 007 JFY2018 IENSEis
Summershutdowr] Summer{shutdown ower|saving Summerjshutdowr
(power saving) (power saving) after mid July 20p8 (power saving)

/

w/o QCS
w/o Belle Il

phase 1

MR startup

DR installation & startup

I
MR renovation for phase 2, including :
installation of QCS and Belle |l :

i@ndFeb—wnMJJ.
Ephase 2 (MR):

I
w/QCS |

HER start 1!

I
DR commissionirig

2018)

w/Bde“noVXD)

LER start 'VXD installat

1
1w/ full Belle Il

' phase 3

on

phase 3 operation
g months [ year

Belle II has collected ~400 pb™ (today showing results on up to ~250 pb™);

Phase 2 of commissioning ends July 17%, green light to proceed to Phase 3!

In the Fall we will install Layer 1 (pixels) and Layers 3-6 (strips) of the

vertex detector: due to technical difficulties in the construction, Layer 2 of
the pixel detector will not be installed until 2020;

Physics run with increasing luminosity will start in February 2019.

July 6th 2018
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Conclusions

SuperKEKB and Belle II smoothly started operations,
rediscovery of B (and D, 7, ...) physics is underway;

Time-dependent CP violation is an important part of the physics
program of Belle II;

Compared to its predecessor, the Belle II Detector has enhanced
vertexing, PID, and flavor tagging capabilities;

We expect to have the best precision or be competitive with
LHCDb on most channels sensitive to the CKM angles ¢ and ¢,

in particular on the penguin dominated modes;

Channels with n”’s, n'”’s, K’ ’s, ... in the final state will be much
better determined at Belle II than LHCb;

The physics run will start in February 2019.
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Data taking scenarios
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Vertexing

Kinematic fit: Jhip - u u

|1 ©

_4 _3 I_2I\I\_1III\0\III11II\2I 3 4 5
At - Gen. At/ ps

g Tag side vertex fit: Using RAVE
600 — . . .
5 T Belle II Adaptive Vertex Fit (AVF) algorithm:
© [E i
S s ® ot eom § Down-weights outliers dynamically, instead of
o Be'g’ Corl"jged MC using hard cutoffs (important for 3+ track
poli i vertices). CMS NOTE 2008/033.
lj>j 300— X
- All tracks apart from
200~ the ones from Ks
1003 BO i D-.i- i i
_8(_)3 4)?02 ~0.01 0 001 0.(L)2 0.03 M .
VertexZ - GenVertexZ / cm
At resolution
x10°
g 3501 Belle Il , Tag side vertex fit
5. @ Bias =-0.03 ps =i B
= ¥F @ Res.=0.77 ps P Belle Il
=L e @ Bias =6 um
(= B o - =
L Belle S 250F 1
20F @ Bias = 0.20 ps 0 Belle
1s0E- @ Res.=0.92 ps S @ Bias =29 um
100;_ o 1501~ @ Res. =89 um
50;_ 1005—
; 505—

L 1 L 1 1 L 1 1 L L l L 1 1
8.03 -0.02 -0.01 0 0.01 0.02 0.03
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RAVE Adaptive Vertex Fitter

Down-weights outliers dynamically, instead of using hard cutoffs (important for 3+ track vertices).

Minimization of the weighted least sum of squares square of the
Journal of Physics G, 34:N343—-N356, 2007. / standardized residual

wi (\2) = exp(—x3;/27)
o exp(—x3/2T) + exp(—02,/2T)

Weight / N

cutoff parameter

“temperature” parameter
“softness” of the weight function X

In each iteration step
the temperature parameter is lowered DF .

I;=1+7r- (.Ti'—l — 1)

O<r<l1
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Flavor Tagger

Two steps process to determine the flavor of the Btag:

1) Build 13 multivariate discriminators to look for the following topologies,
which are (more or less) strongly correlated with the Btag flavor:

Categories Targets for B° Underlying decay modes . =
Electron it B D+ 7, 0 S | I
Intermediate Electron et = 108 \ 1”1 A
Muon e Dot NN L
Intermediate Muon i o X K- 210 ;Law--"" ""““---.-J‘
Kinetic Lepton il §102 | Electron i‘
Intermediate Kinetic Lepton . BY o Wliri K R I E—" o 1
Kaorl Kﬁ |_) KO y g_'_ - Geand :Electxon -
Kaon-Pion o i £ [ JL = go
Slow Pion T 510" r,f'"-‘ ,:_' '-..:::.._ iy
Maximum P* i Tk i i Lg‘lo3 ,a" f"f L‘-il
Fast-Slow-Correlated (FSC) 1=, nt i e 510 “!‘f'r 3
Fast Hadron s il ol L il éml- ii'( Kaon ‘J
Lambda A e = 1

=l -0.5 0 0.5 i
(qcand i yKaon>eﬁ

2) Use the output of the 13 discriminators above as input for another
multivariate algorithm, whose output y = - r is used in physics analyses.

July 6th 2018

tag value (+1 or -1)
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Flavor Tagger

Variables entering the multivariate discriminant for each category:

Categories Discriminating input variables
Electron
Int. Electron £€7 p pt7 P, Dt, COE’O d07 |33| rec7 EQO pmlss7 COs Hfmss? COS (9%7 p‘Val-
Muon i !
Lt Moo L, p*, i, p, bt, cosb, do, |x|, M rec, E90 Py COSO% ., cos Ok, p-val.
Kin. Lepton
{0 i b e on Le, Ly, P*5 15, Py Py, cos0, do, ||, Mo, Egp, Phissr 008 Oy c0s 07, p-val
£7* *77 ,COS@CZ,CB,TLO, 27
Koon K p2 Dy MZ; pz 2 || Ki %pt
Mrem EQO? pmiss? COS 91111887 COS 0T7 X
SIOW PiOH £7r7 £€7 £K7 p ) p:; Jo e COSQ: d07 |CC‘, an7 Zp‘?7
Fast Hadron MfeC,Egg y DPrgisgs €OSO. ., cosOr, p-val.
Kaon-Pion LK, YKaon;s YSlowPion, COS 0K7r7 dK " qn

Maximum P*

p* pjckv e Bt d07 |33|, COSQ*

FSC

’CKSIOW? pSlow? pFast? COS@ , Slow? cos 9T Fast) COS 0810WF&St7 4Slow * dFast

Lambda

£p7 ETH pA7 PA, pp7 pp7 p7r7 Pry 4A, M/lv an7 COS 9513/\,]3/17 ‘213/1‘, UA v o Val'

July 6th 2018
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@racka @LHClust ers)

...................

ECLClusters

Flavor Tagger

Belle 1l MC: Eff = 37 %

|

July 6th 2018

qg-r
------ 5 I = 10000 —— Both
¥ fJeand * Yeat ; i —— B[?
Electron - : 8”[]”“' B“
:J_",‘
Int. El. > £ 60000
[l
Muon > -
2 400001
Int. Muon ;
= 200001
Kin. Lepton > ;
Int. Kin. Lep. “—1.“ —0.5 () 0.5 1.0
l:l'-]‘.f\' . yl{nm:)nrf P (q . TI)FBDT
Kaon > g
I 8 Belle MC: Eff = 34 % (Belle 30 %)
Kaon-Pion e S ' ' [ [ [ ' '
o —-— Both
f 2 60000 .
Slow Pien = --= B
l — Bl:]
E
22t Z 40000
| & -
Maximum P* > ) L [
= 20000 AN
Fast Hadron 2 .
(Q'.»‘l ' yL:uuhcla)c:H §
Lambda > 7;
)
(q - 7)pspT
A. Gaz 26



sin2¢ : B - K"

This is the most sensitive penguin dominated mode, one of the
theoretically cleanest, and a difficult one at LHCb;

Several different combinations of B"Sn( n(yy) 7') KY('m)

- -0 - Oy,.
N = nyy)n'w, n(w'rn) 7w, pUy;
K, - o', o'n; K ; 3

a.u.

One of the main challenges of this
analysis is the correct choice of the

signal candidate (versus the _
Self Cross-Feed — SXF); 3

Optimal choice of the signal candidate 4
. . 05 04 03 02 01 0 01 02 03 04 05
currently under discussion; BDT,,,

Impact of beam background on At resolution is also a concern;

This (different to most others) mode will be dominated by systematics
at the end of data taking.
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: . RO » 170
sin2¢ : B - n'K
Crucial aspect of (every TD) analysis: At resolution function,;

Starting on the simulation with an approach “a la BaBar”: we fit the At
resolution with the sum of three Gaussians;

Fundamental to model many small effects (e.g. charm content in the
ROE);

This will be our highest priority once we get the first Phase3 data.

core talil outlier
R(5AT) = Q- g(5AT7 Hc, UC) -+ (1 - 04)[5 ’ g(dATa KT, UT) -+ (1 - ﬁ) ’ g((SATy Ho, Uo)]
0
TI’Y’YKS(:I:) T’371'Kg(:|:)
dE T T

mmmmmmmmmm
p0 0449 +0.01633 [ 1 r0
- P1 0.009056 + 0.006662 |-
.| P2 0.009446 + 0.00302 |.-|

1
=
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sin2¢ : B® — ¢ K

Another theoretically clean mode, there will be 14000 xiztgsd; n;an
competition with LHCDb; 12000/ S-wave

10000F

BaBar and Belle reached the ultimate sensitivity
with a Dalitz Plot analysis of B - K'K'K"; -

In order to publish a result with the first 1-2 ab™, “*
we propose a simpler quasi-two body approach;

We have to separate the ¢ resonance from the e
non-negligible K'K' component, which carries a 300f Belle !l simulation E
. £ e  (vector) ]
different weak phase; 26011 — S-wave K'K 4
fi - DwaveK'K 3

We plan to separate these two components using %, 55
the pair of variables (m__, cosO ); 1o e e

KK hel Euh

No bias seen from the simulation. sf |k e
O e e 1
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SIn2¢.

sin(2B) = sin(20,) Ly

BaBar - : E 0.69 £ 0.03 + 0.01
PRD 79 (2009) :072009 : :
BaBar y : :  0.89+0.52+0.04+0.07

PRD 80 @'boé?j 12001

BaBar J/y (hadronic) Kg 1,56 +0.42+0.21
PRD 69 (2004):052001 :

Belle : : { 0.67 +0.02 £ 0.01
PRL 108 (2012} 171802 ! :

ALEPH : 8 0.84 '3+ 0.16
PLB 492, 259 (2000) T

OPAL ! 3.20 *13° + 050,
EPJ C5, 379 (1998) : o

CDF ' : i p.79 v
PRD 61, 072005 (2000) | ‘" o
LHCb : ; [, 0.73 4 0.04 +0.02
PRL 115 (20153 031601 ! :

Belle5S ! : : 0.57 + 0.58 + 0.06
PRL 108 (2012) 171801  f *F

Average ' : 0.69 + 0.02
HFLA

-2 N 0 1 2 3

Golden modes

July 6th 2018

HFLAV WA

sin(2[3° ) = sm(2(|)

|Summer 2016

b—>ccs Wcrld Average | : LI 069+002
¢K° Average = n ' 0.74 +3113
n K° : Average“w_ 0.63+006
Kg K K Average“wm““ -.2-0?2+019“
n°K®  Aveérage * 0.57 £0.17
p'Ks Average | e R
mK Avérage " 0.71+0.21
K, Average | HH ool
fa Ks A\fé‘rage ? - ' 0.48 £ 0.53
fy Kg Avérage | —k 4' 0.20 £ 0.53
® i Average———— o207t
¢rc s Average : # 0.97 *5%
o KSNRVErage '—*—- ~':)01+033_'
K+K K Average =~ o Hﬂﬂ 0.68 *8?3

-1 14 12 1 08 08 -04 02 0 02 04 06 08 1 1.2 14 18

Penguin dominated modes
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