Introduction Mixing
Facilities CPV EXPERIMENTAL CHARM PHYSICS
Spectroscopy Decays

BoOsSTJAN GOLORB
UNIVERSITY OF LJUBLJANA.
JOZEF STEFAN INSTITUTE INTRODUCTION
FACILITIES
- : SPECTROSCOPY
- . Jozef Stefan
University Institute
of Ljubljana
MIXING
ALSO WITH D> ‘>
</ <UD CPV
BELLE Belle IT

(RARE) DECAYS

2ND OPEN BELLE Il PHYsICsS WEEK
KEK
28TH OCT~ 1sT Nov 2019

BELLE PHYS. WEEK , KEK, OcT 2019 B. GoLOB, CHARM EXP‘'s 1/56



Introduction Mixing

Facilities CPV INTRODUCTION
Spectroscopy Decays

DISCLAIMER

OVERVIEW OF EXPERIMENTAL METHODS (NOT EXHAUSTIVE) WITH SELECTED
EXAMPLES

CHOICE OF SUBJECTS, AND ESPECIALLY EXAMPLES, HAD TO BE MADE;

SPEAKER IS TO BE BLAMED FOR NOT SHOWING YOUR FAVORITE MEASUREMENT

FREQUENTLY USED REFERENCES:

PDG: M. TANABASHI ET AL. (PARTICLE DATA GROUP), PHYS. REV. D 98, 030001 (2018).

HFLAVY:. HEAVY FLAVOR AVERAGING GROUP, HTTPS./ /HFLAV.WEB.CERN.CH/

PBF : THE PHYSICS OF THE B FACTORIES, A. BEVAN, B. GOLOB, T. MANNEL. S. PRELL, B. YABSLEY EDS., EUR. PHYS. J. C 74 (2014) .

BIIPB: E. Kou, P. URQUIJO ETN AL. (BELLE Il COLL.), ARXIV:1808.10567
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Introduction

SETTING THE SCENE

&N K. TRABELSI
2?7772

ON DEPUTY SPOKESPERSON'S REQUEST:

1964: CPV IN KAON SYSTEM
K, —» 45 2r) ./ 23 -10° (3r)

1999 - 2010: BEAUTY IS THE NEW STRANGE
LARGE CPV IN B° sysTeEM (2001)
WITH ~7 - 102 B° - J v Kg

2015 -: CHARM IS THE NEW BEAUTY
CPV IN D°P° DECAYS (2019)
WITH 1.4 - 107 DP > nx

* ? M. KOBAYASHII,
SOME EXPLANATION OF THIS DIFFERENT DATA SIZES
b 58 T. MASKAWA,

2008

PRECISE CHARM MEASUREMENTS REQUIRE LARGE DATA SAMPLES
AND GOOD CONTROL OF SYSTEMATIC UNCERTAINTIES

BELLE PHYS. WEEK , KEK, OcT 2019



Introduction Mixing
Facilities CPV INTRODUCTION
Spectroscopy Decays

WHY (NOT) CHARM PHYSICS?

CHARM QUARK:;

-  UPLIKE

PROCESSES WITH CHARM HADRONS ARE PROBING POTENTIAL
NEW PHYSICS IN UPLIKE SECTOR

- SEMIFHEAVY
PROCESSES WITH CHARM HADRONS ARE SUBJECT TO
RELATIVELY LARGE HADRONIC UNCERTAINTIES (~1/m,)

MORE ON GIM P. 29

- SUPPRESSED Es_b_
FCNC (LOOP PROCESSES) \yv-
S u

HEAVILY SUPPRESSED
DO > /+/- /\

BELLE PHYS. WEEK , KEK, OcT 2019 B. GOLOB, CHARM EXP‘'s 4/56




Facilities

BES Il @ BEPC2

Compton backscattering
to measure Epeas

I

3000~ [ Data at around DD threshold
[ Data at around DD, threshol
I Data at around DD, threshol

DD@E.,, = 3.773 GeV

N
o
o
(=)

Luminosity pb™

—
o
o
o

SC ‘
Solenoid™ i

Barrel
ToF

MARKIII BESI| CLEOC BESIII B

SC ~—

e*e- —» y(3770) > DD _
o~ few nb, few - 107 DD

- BACKGROUND FREE SAMPLES
- TAGGING (SINGLE MESON RECONSTRUCTION,

BOTH MESONS RECONSTRUCTION)
-~ 0O(10%)

BELLE PHYs. WEEK, KEK, OCT 2019



Facilities

LHCB @ LHC

ECALI
SPD/PS

X RICH2 a1

R. AALJ ET AL.. (LHCB CoLL.), JHEP O3 (2016) 159

/Ldt = 9 FB'!
= 1010 D*+

- COMPLICATED TRIGGERS, VTXING
e~ O0.1%)

SR s te42

N S 08 1,::’. 1414

. " L2591 421 v
. tHEY tapd ML)

$ -f‘.. .,;.’11 . ‘1
: LRl S 44 . 1

wifagidat L

Reutists
.;?.2!15:;:: i
! . e
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Facilities

BELLE (II) @ (SUPER) KEKB D
Belle IT
— olte—>cc)@Vs ~ 10.6 GEV ~ 1.3 NB ) -
e - e \ 7/* f < QELI))
(N.B. o€*e" — Y(4S) —» BB) = 1.1 NB) _ _< -~
. 7 fzo"" (hadrons)
X o(X.Y) [PB] S -
DO — K—n+ 1449 + 2+ 64 + 33 |
Dt - K—#atgt 654+ 1+ 36+46
— ~ ~ . *
Df — ¢t 931 + 2492+ 77 2~2.5NB~2-1.3NB
Af 5 ptKnt 189 £ 1 £ 66 £ 66
. — * WHY SUMMING ONLY THESE? P. 60
D*0 — D00 510 £34+£84+39
D*t — DOt 598 + 2 4+ 77 + 20 /Ldt = 1 AB"
D*+ — D+x® 590 + 5 + 78 + 53 ~1.5-10% DY

R. SEUSTER ET AL.. (BELLE COLL.), PHYS.REV. D73, 032002 (2006)

~ FULL RECONSTRUCTION (TAGGING) POSSIBLE
-~ 0O(1%)

BELLE PHYs. WEEK, KEK, OCT 2019



Facilities

BELLE (II) @ (SUPER)KEKB 'y >
/O

Belle IT
PRODUCTION IN B — h X
h

<N(h, )>/B DECAY

C
DO -y Byt 0.644 + 0.003 + 0.024 + 0.021 [N
Dt 5 K—gtgt 0.248 + 0.004 = 0.033 + 0.020
>—
D} — on™ 0.122 + 0.015 + 0.033 & 0.030
~1.05 h, / BDECAY
AF 5 pTK—nt 0.042 +0.011 +0.033 + 0.018
D*0 _ pOy0 0.217 + 0.014 + 0.020 + 0.018 ~8-108 B— D°X
IN BELLE DATASET
D*t — DOxt 0.218 + 0.007 = 0.020 + 0.015
— Dt70 0.202 + 0.014 + 0.022 + 0.018
R. SEUSTER ET AL.. (BELLE COLL.), PHYS.REV. D73, 032002 (2006)
| HCB @ LHC
ALSO CASCADE PRODUCTION R.AAUETAL. (LHCB CoOLL.), JHEP 12 (2017) 026

o(pp — B*X,\/s= TTeV) =43.0+02+25+1.7ub

o(pp — B¥X,\/s =13TeV) = 86.6 £ 0.5+ 5.4+ 3.4ub

— ~8-10""B = h_ X

BELLE PHYs. WEEK, KEK, OCT 2019



Spectroscopy

CONVENTIONAL MESONS

QUARK MODEL FOR U, d, S

Y 494 MeV ** 892 MeV

140 MeV 775 MeV

BELLE PHYS. WEKK, KEK, OCcT 2019



Spectroscopy

CONVENTIONAL MESONS

QUARK MODEL FOR U, d, S
+ C

BELLE PHYS. WEKK, KEK, OCcT 2019



Spectroscopy

CONVENTIONAL BARYONS

QUARK MODEL FOR U, d, S

Y=B+S

Chadwick Rutherford (?)
1932 1911-1932 (?)

n
940 MeV

1190 MeV
b

AT 1959

1116 MeV

z*+ 1315 MeV

spin 1/2

BELLE PHYS. WEKK, KEK, OCcT 2019

Fermi, Steinberger 1232 MeV
1940's-1950's
AT

1954-1964 Q~ 1670 MeV

spin 3/2



Spectroscopy

CONVENTIONAL BARYONS

*LONGSTANDING PUZZLE ABOUT ECC P. 61
R. AAIJ ET AL.. (LHCB CoLL.), PRL 119,112001 (2017)

QUARK MODEL FOR U, d, S OBSERVED”* ONLY IN 2017

ddd = ij([i
S dds uds @ 30

Q dss
-

— AAN)
4

2

CHARM QUARKS ENRICH SPECTRUM OF CONVENTIONAL HADRONS AND
ENABLE TESTS OF QUARK MODEL AND QCD FOR (SEMI)HEAVY HADRONS

BELLE PHYS. WEKK, KEK, OCcT 2019



Spectroscopy

PRECISE VTXING FOR BKG
REJECTION

LHCb 13 TeV N=313 + 33

"

Candidates per 10 MeV/¢?

— Data RS
-+ Data WS AC+K-7Z'+7Z' }
-#+- Data SB

K-

ALSO E,.** — St r

R. AAIJ ET AL.. (LHCB CoLL.), PRL 121,162002 (2018)

0
3300 3400 3500 3600 3700

= (MeV/e?)

cand("‘“

R. AAUU ET AL.. (LHCB CoLL.), PRL 119,112001 (2017)
BELLE PHYS. WEKK, KEK, OcT 2019



Spectroscopy

ABSOLUTE* BR MEASUREMENTS

BR(EZ, . > & *7") POSSIBLE
BECAUSE BR(E,* - Z7*7") KNOWN

1) BR(B— 5* A, )

HADRONIC TAGGING (FEI @ BELLE II)

B DETECTED
g, ~ HADRONS
- .

— - e
e SR .
~ =c
Bsng N7 > Mrec
\‘ Ac_
N K-
p 7

* AS OPPOSED TO RELATIVE W.R.T. SOME OTHER DECAY

BELLE PHYS. WEKK, KEK, OCcT 2019

Y.B. LI ETAL.. (BELLE COLL.), PRD 100,031 101(R) (2019)

b
(&)}

o Data

- Total Fit

---Background
Sideband

(\T-\
=
>
Q
=
o
=
~
2]
-—
c
o))
>
w

242 244 246 248 25 252
(GeV/c?)




Spectroscopy

ABSOLUTE* BR MEASUREMENTS Y.B. LI ETAL.. (BELLE COLL.), PRD 100,031101(R) (2019)

b
(&)}

o Data

BR(E;*" = 5. *7") POSSIBLE ~Total Fit

BECAUSE BR(E,* - Z7*7") KNOWN

1) BR(B— 5* A, )

Events / (10 MeV/c?)

2) BR(IB— 5 A.) - BR(E* - 57 7)

242 244 246 248 25 252
(GeV/cd)

HADRONIC TAGGING (FEI @ BELLE II)

* AS OPPOSED TO RELATIVE W.R.T. SOME OTHER DECAY : : 2.45 2.5 2.55

M.. (GeV/c?)

BELLE PHYS. WEKK, KEK, OCcT 2019



Spectroscopy

ABSOLUTE BR MEASUREMENTS A. ZUPANC ET AL.. (BELLE COLL.), PRL 113, 042002 (2014)

§ (a) RS sample
BR(AS—>pK 7% 2 2000
.
n
C _ .y/ 6 U>J
S = et 0
e rS 2000 (b) WS sample
No— - 1000 .
C
N ~ 23 22 2.3 24 25
A ar A *)
< My0u(D"p) (GeV/C?)
rec

BELLE PHYS. WEKK, KEK, OCcT 2019



Spectroscopy

ABSOLUTE BR MEASUREMENTS

BrRUAS > p K 7%)

D)-
C __— 7%
= +
© V\\e’
C \\ m*
~
AC+ A -

BEFORE: £26%
(FOR MANY YEARS)
AFTER. +5%

BELLE PHYS. WEKK, KEK, OCcT 2019

Events / (2 MeV/c?)
S
o

A.ZUPANC ET AL.. (BELLE COLL.), PRL 113, 042002 (2014)

(a) RS sample

N
o
o
o

-
o
o
o

—
o~
O
—
>
Q
=
=
-~
n
-
=t
Q
>
w

0

2000 (b) WS sample
1000

2.2 23 24 2.5
M_._.(D"pr) (GeVic?)

M(pKr) (GeV/c?)



Spectroscopy

COMPARISON TO LQCD

CHARMED BARYONS

S. PRELOVSEK, BEAUTY 2019

: Expt ‘17

: ILGTI'13 -’18
3000 : TWQCD 17

: ETMC 17

: RQCD 15

2800

2200

: HSC 15

: Brown et.al. '14
: PACS-CS 13

: Briceno et.al. ‘12
: Durr et al. 12

BELLE PHYS. WEKK, KEK, OCcT 2019



Spectroscopy

COMPARISON TO LQCD

CHARMED BARYONS

S. PRELOVSEK, BEAUTY 2019

/ / : Expt 17 : HSC 15
: Expt ‘17 : HSC 15
. II_),(CI;)TI 13 -’18 . Brown et.al. '14 : ILGTI 13 -'18 : Brown et.al. '14
3000 . TWQCD 5 e d - PACS-CS 13 : TWQCD "7 : PACS'CS 13
) - ETMC '17 - Briceno et.a]. 12 : ETMC 17 : Briceno et.al. 12

: RQCD 15 - Durretal.’12 : RQCD 15 : Durretal. 12
2800

¢
tas ++
*

2200 3500

3400

R. AAIJ ET AL.. LHCB CoLL.), PRL 119,112001 (2017)

TEST OF LQCD METHODS

BELLE PHYS. WEKK, KEK, OCcT 2019



Spectroscopy

EXCITED STATES

EXCITED {2
Q. ">E5E*(pKrnt)K-
(N.B. M(2_)=2.695 GEV)

~~
>
=
=
S5
75}
O
—
<
=
o
=
<
@)

3000 3100 3200 3300
m(Z.K ) [MeV]

R. AAIJET AL.. (LHCB CoLL.), PRL118, 182001 (2017)

SL 7 = K-
u
QC SI ]S =+
C c/
3.1 3.15

M(ZK) (GeV/c?) J. YELTON ET AL.. (BELLE COLL.), PRD 97,051 102 (2018)

S
2
=
o™~
N
@
c
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a
g
=
g
[ =
Q
o
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Spectroscopy

COMPARISON TO LQCD

EXCITED {2

QUANTUM NUMBERS NOT MEASURED

NEW STATES

M. PADMANATH, N. MATHUR, PRL 119, 042001 (2017)

BELLE PHYS. WEKK, KEK, OCcT 2019



Spectroscopy

UNCONVENTIONAL HADRONS

QCD: NO APRIORI LIMITATIONS ON HADRONS BEING COMPOSED ONLY AS |q;0,>
OR |Q,0,05>

HADRONS WITH OTHER COMPOSITION:. EXOTIC EXPLANATION ABOUT EXOTICS P. 62
FIRST EXAMPLE: X(3872)

R R 12000 ————7—

+ o+ £ P7) ot -
B =Ry &)t w data _ ; sumulatlon |
AM= M(z* 70+ 1) -ME* 1) . |
: 1
0 s © :
B- : l
-/ C w
b W7 _
C
. 4 0.80A :
B*>K' X(>J oyl 0)nt n-) AM [(fel ] AM [GeV]
IV_OSTPROBABLYM[XTURE OF S.-K. CHOI ET AL. (BELLE COLL.), PRL 91, 262001 (2003)
CC & anq WHY? P 63 (MOST CITED BELLE PAPER!)

X(BE72) ON LATTICE P, 64
BELLE PHYS. WEKK, KEK, OCcT 2019



Spectroscopy

UNCONVENTIONAL HADRONS

S.-K. CHOI ET AL. (BELLE COLL.), PRL 100,142001 (2008)

IF cqcq, WHY NOT cucd ?

B> Ky (@S) " MORE EXOTIC STATES, INCLUDING PQ'S P.66

R. AL ET AL. (LHCB CoLL). PRL 112, 222002 (2014 FIT W/ O Z*(4430)

”~

=
S
~
oo
L
=
=
=
5
=
O

25

>
o)
o
-
=
(<)
2
2
=
5]
>
w

FOR NEW STATES. ANGULAR ANALYSIS TO
DETERMINE SPIN & PARITY!
EG..X(3B9715)IN B— K

43

ISIT ;(C(ZP) (277%) OR SOMETHING ELSE ' M(x'y) (GeV)
BELLE PHYS. WEKK, KEK, OCT 2019




Faciies. oo SPECTROSCOPY Z7(4430)
Spectroscopy Decays
UNCONVE NTIONAL HAD RONS S.-K. CHOI ET AL. (BELLE COLL.), PRL 100,142001 (2008)
Br(B® — K*Z*)Br(z* —» z*y') = (4.1£1.0+1.4).107°

B>Ky(2S)x"

r=(5+1575%) Mev

SYST. UNCERTAINTY DOMINATED BY BKG.,
MAJORITY OF BKG. COMBINATORIAL FROM B

121 + 30 Z*(4430) SIGNAL EVTS FROM 605 FB'!
200 * 40 Z*(4430) SIGNAL EVTS / AB'!

AT CERTAIN POINT NEED TO REDUCE BKG. (FOR LOWER SYST. UNCERTAINTY) —
LOWERING ¢ (LARGER STAT. UNCERTAINTY) ..... FEI!

SOME TRIVIAL STATISICS P. 65
ASSUMING PWITH FEI IMPROVED BY 6X & &, ~ 1% :
NEED L ~ 15 AB'' TO REACH SAME STAT. UNCERTAINTY AS AT 605 FB'!
(AND PRESUMABLY MUCH LOWER SYST. UNCERTANTY)

BELLE PHYS. WEKK, KEK, OCT 2019 B. GoLoB, CHARM EXP‘'s 24/56



Spectroscopy

[SR PRODUCTION
e*e—Jyr*r yisk AND w(25)n" 7t visr

Y15 MAY BE RECONSTRUCTED
(TAGGED ANALYSIS)

OR NOT (UNTAGGED, PROCESS JPC =1--
IDENTIFIED THROUGH MISSING MASS)

states only

ISR PRODUCTION P. 67

€.Z YUAN ET AL. (BELLE COLL.), PRI 99, 182004 (2007) X.L. WANG ET AL. (BELLE COLL), PRL 99, 142002 (2007)

D
D

BELLE

—
(@) ]

1= mmm Solution |

"1 mam Solution |l

‘11 Y(4260)

L
=
()
=
o
-
@
@
-
=
oy
Ll

Entries/25 MeV/c

M@/pn*m) V/ic?)

BELLE PHYS. WEKK, KEK, OCcT 2019



Spectroscopy

EXOTIC ZOO
RECONSTRUCTED IN
B XK

PBF

State JrG

X(3872) 1tt
Y (3940)
Z(3930)

Y (4140

Y (4660)

Y (4260)
X(4350)
Y (4350
Y (4660)

)
X (4160)
)

SPECTROSCOPY OF CHARMED HADRONS REPRESENTS A TESTBED FOR (LL)QCD:;
SEVERAL UNCONVENTIONAL STATES REPRESENT A CHALENGE FOR THEORETICAL
DESCRIPTION

BELLE PHYS. WEKK, KEK, OCcT 2019



Mixing

OSCILLATIONS MPC ¢» MO

BELLE PHYs. WEEK, KEK, OCT 2019



Mixing

OSCILLATIONS MPC ¢» MO

Meson Discovery year and place Mixing parameter

K" 1950 Caltech

Mixing 1956 Columbia rx1, y=1l
BY 1983 CESR

Mixing 1987 DESY r=08 y~0
B 1992 LEP

Mixing 2006 Fermilab r =26, y~ 0.05
D° 1976 SLAC

Mixing 2007 KEK, SLAC r~ 001, y~ 001

PBF

BELLE PHYs. WEEK, KEK, OCT 2019



Mixing

WHY SO SMALL.?

* * A TR
= E ViuiVei Vei Vi F (M , ms, ms)

wj
i,7=d,s,b

mz) x fomdy +fim2+ fo 'm? + famim; + O(my?)

B GP m?
472
<D0|ﬁ"l"u

<50|HAC'=2|DO>

DP MIXING PARAMETERS ARE DRIVEN BY DIFFICULT TO CALCULATE
LONG-DISTANCE EFFECTS. NO LQCD CALCULATIONS EXIST (YET).

BELLE PHYs. WEEK, KEK, OCT 2019



Mixing

PHENOMENOLOGY

TIME EVOLUTION
FLAVOR STATES H.-~ EIGENSTATES:
(DEFINED FLAVOR) (DEFINED M, , AND /7 5)

IX + y ftj:| e—imt—l;t
2

MORE DETAILS P. 68

BELLE PHYs. WEEK, KEK, OCT 2019



Mixing

PHENOMENOLOGY

TIME EVOLUTION
FLAVOR STATES H.-~ EIGENSTATES:
(DEFINED FLAVOR) (DEFINED M, , AND /7 5)

‘ DO(’[)> - |:‘ DO>COSh(iX_2|_ iX-2|— y ftj:| e—imt—gt

MORE DETAILS P. 68

DECAY TIME DISTRIBUTION OF EXPERIMENTALLY ACCESSIBLE STATES [D°, D°
SENSITIVE TO MIXING PARAMETERS X AND Y, DEPENDING ON FINAL STATE

BELLE PHYs. WEEK, KEK, OCT 2019



Mixing

GENERAL. FEATURES OF MEAS'S

o= 1.426 + 0.045

‘\:% 12 B=227.0+75
(0] w= 0.1454425 | 0.0000031
TAGGING § o = 0.0004325 + 0.0000033
8 kaa = 16518 + 162
(BELLE, LHCB) = N, = 27091 + 192
D*+ —>D07Z'S+ L‘%’ Belle Il 2019
Phase Ill data
CHARGE OF 7, = FLAVOR OF DY; procg+buc?
— 0 _ 0
AM_M(D ”s) M(D ) KINEMATIC — R .
(Or q:AM-m ) — RECONSTR. P14 0.142 0.144 0.146 0.148 0.15 0.152 0.154
T b 71 AM (GeV/c?)
BACKGROUND REDUCTION : S. SANDILYA ET AL. (BELLE Il COLL.), B2GM OCT 2019

BIIPB

&re ~ 80%, @ ~ 0.2%

RESTOFEVENT (BELLE) -~
ED* ~ 27%, a)D* ~ 13% / tagg:do’
3X MORE PRODUCED [D¥‘s .

rest of the event

fragmentation
particles

interaction point

o(A-p REDUCED BY ~ 15%
USING ALSO ROE

B SEMIL. DECAYS (LHCB)

b »010v

BELLE PHYs. WEEK, KEK, OCT 2019




Mixing

GENERAL. FEATURES OF MEAS'S

4 LHCb Preliminary

7 200 pm = 5 EVT: 49700980
€ —  RUN: 70684

DECAY TIME
RESOL. P. 72

0 7 7
D" extrapolated production point  beam spot

DECAY TIME (BELLE): D° DECAY PRODUCTS VERTEX, D® MOMENTUM
& INT. REGION:

BELLE oftp,)~270 FS
BELLE II: otp,) ~ 100 FS =

(LHCB): PRIMARY VTX, BDECAY VTX, D DECAY VTX;
~2X BETTER o)

92 -5 -1 -05 0 0.5 1

15 2
t-tn (pS)

BIIPB

BELLE PHYs. WEEK, KEK, OCT 2019



R. SEUSTER ET AL.. (BELLE COLL.), PHYS.REV. D73, 032002 (2006)

Mixing

GENERAL. FEATURES OF MEAS'S

5
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e
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et ettt ettt
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Mixing
DO » K*K-, 77"

CPV WILL BE ADDRESSED LATER;
IN CHARM SYSTEM (AND SM) CPV IS SMALL.
— DISCUSS MIXING W/ O CPV (L.E. q=p=1/12)

CP |K*K-, 7tz > =+ | K*K, 7>
IF NO CPV: <fept|D%> = < fop* D> = <fp*|DO>
CP|D;> = |D,> <fcp|D%> = < fep |Dy> = - <fx7|D%>
|D;>1s CP EVEN STATE
(PHASE CONVENTION AS IN FDG P. 69);

ONLY |D,> COMPONENT OF D%D? DECAYS TO

KK/ 77

MEASURING LIFETIME IN THESE DECAYS = 7=1/17;

MEASURING LIFETIME IN FLAVOR SPECIFIC FINAL STATE = 7=1/I

dN(D*(D°) - f,
dt

oc e [1— yft] ~ e Tlg Tt = g Wt

BELLE PHYs. WEEK, KEK, OCT 2019



Mixing
DO » K*K-, 77"

BY MEASURING EFFECTIVE LIFETIMES IN
DO —» K*K-, 77"

AND IN DO — K-7

ONE CAN DETERMINE Yy

BELLE PHYs. WEEK, KEK, OCT 2019



Mixing
DO » K*K-, 77"

BY MEASURING EFFECTIVE LIFETIMES IN
DO —» K*K-, 77"

AND IN DO — K-7

ONE CAN DETERMINE Yy
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Mixing
DO » K*K-, 77"

BY MEASURING EFFECTIVE LIFETIMES IN
DO —» K*K-, 77"

AND IN DO — K-7

ONE CAN DETERMINE Yy

BELLE PHYs. WEEK, KEK, OCT 2019



Mixing
DO » K*K-, 77"

BY MEASURING EFFECTIVE LIFETIMES IN
DO —» K*K-, 77"

AND IN DO — K-7

ONE CAN DETERMINE Yy

2Indf=
1.084
(ndf=289)

FIRST EVIDENCE OF D° MIXING
(BACK-TO-BACK WITH BABAR‘s DO — K* 1)

Voo = (1.31£0.32:£0.25)%

BELLE PHYs. WEEK, KEK, OCT 2019



Mixing
DO » K*K-, 77"

BY MEASURING EFFECTIVE LIFETIMES IN
DO —» K*K-, 77"

AND IN DO — K-7

ONE CAN DETERMINE Y

DISCOVERY

Moriond’s new cocktail: the DDbar mix

BELLE PHYS. WEEK, KEK, OCT 2019



Mixing

DO - ¢K., aK,

CP-ODD STATES
LOWER STAT. PRECISION

AVERAGING

Ver = (0.715+0.111)%

DP° MESONS, LIKE OTHER M,
DO MIX, WITH THE LOWEST
PROBABILITY OF ALL*

*ACTUALLY, t - INTEGRATED
MIXING PROBABILITY P. 69

BELLE PHYs. WEEK, KEK, OCT 2019

E791 1999

CLEO 2002

Belle 2009

BESIII 2015

Belle 2016

LHCb 2019

HFLAV

4 -3

2 -1 01 2 3 4 5

Yep (%)

0.732 = 2.890 = 1.030 %

3.420 = 1.390 = 0.740 %

-1.200 = 2.500 = 1.400 %

0.110 = 0.610 = 0.520 %

0.720 = 0.180 = 0.124 %

-2.000 = 1.300 = 0.700 %

1.110 = 0.220 = 0.090 %

0.570 = 0.130 = 0.090 %

0.715 = 0.111 %

HFLAV



Mixing

DO 5K*rz-

DCS DECAYS

04, (UNKNOWN) PHASE DIFFERENCE
BETWEEN A; AND A;
|As 7 Af] =r<<1

. ] _
wme‘“ o

yl: y COS(5K7[) o XSIn(5K7z)
X'=XxC0S(d, )+ ysin(oy,.)

BELLE PHYs. WEEK, KEK, OCT 2019



Mixing

DO 5K*rz-

dN(DO - f)/dN(D° —f)

1 Y E XY
r Ar®

« Data
—Fit
...... Background

* Data
— Fit
...... Background

RS

Candidates per 0.1 MeV/¢2
Candidates per 0.1 MeV/¢?

— CPV allowed
No direct CPV
0 ‘ A7 N I No CPV
2010 2015 2020 2005 2010 2015 2020
M(Dr") [MeV/c? M(D"r") [MeV/c?]

R. AAIJET AL., (LHCB CoOLL.), PRD 97, 031101 (2018)

y'=(0.528+0.052)%
— (Bgi 27) .10—5 23{-214- &T IN BINS OF t/7 _

RESULT USING PRIMARY D*‘S (REQUIRING D*VTX CONSISTENT WITH PRIMARY)
MAIN SYTS. UNCERTAINTY (~1/2 OF STAT.) FROM REMAINING SECONDARY D*sS
@ B-FACTORIES. NOT RATIO BUT INDIVIDUAL. t-DEPENDENT RATES FITTED

BELLE PHYs. WEEK, KEK, OCT 2019



Mixing

DO 5K*rz-

D. ASNER ET AL., (CLEO-c COLL.), PRD 86, 112001 (2012)

0050, =0.81"% 015" 005

O, CAN BE DETERMINED USING
QUANTUM CORRELATED D9DP PAIRS AT
BES IlI;

HOWEVER, CURRENTLY ONLY CLEO-C MEAS. i 8 T
EXISTS, AND 0, IS MORE PRECISELY DETERMINED plsbe: ome.ntmie
BY COMBINATION OF y, y AND X MEAS'S. @ 00033000002

p1 0.000154 = 0.000063
p2 0.008691 + 0.000758

TOY MC FOR DECA
TIME IN D°® »>K* -
OR 20 AB'!

BIIPB
5abl |20ab! 50 ab1 Current
best

BELLE [l EXPECTATIONS:

BIIPB I HFLAV

INCLUDING 20% AND 12% ADDITIONAL UNCERTAINTY DUE TO BKG. & SYSTEMATICS, RESPECTIVELY (?)
BELLE PHYS. WEEK, KEK, OcT 2019



Mixing

MULTI-BODY SELF CONJUGATED STATES

DO 5Kz 77"

DIFFERENT TYPES OF INTERM.
STATES,;

CF: DO -Krzt

DCS: DO »K** 7

CP: DO - P Kq

IF f = f = POPULATE SAME DALITZ
PLOT;

RELATIVE PHASES DETERMINED
(UNLIKE DO - K*7°);

BELLE PHYs. WEEK, KEK, OCT 2019

DO —Kg 77




Mixing

MULTI-BODY SELF CONJUGATED STATES
DO 5Kz 77"

DO —Kg 77

DIFFERENT TYPES OF INTERM.
STATES,;

CF: DO -Krzt

DCS: DO »K** 7

CP: DO - P Kq

(GeVich

™N 4+

IF f = f = POPULATE SAME DALITZ
PLOT:

RELATIVE PHASES DETERMINED
(UNLIKE DO - K*7°);

m

SPECIFIC REGIONS OF DALITZ PLANE —
SPECIFIC ADMIXTURE OF INTERM. STATES —
SPECIFIC t DEPENDENCE f (X, y);

BELLE PHYs. WEEK, KEK, OCT 2019



Mixing

MULTI-BODY SELF CONJUGATED STATES
DO 5Kz 77"

-DEPENDENT DECAY AMPL. DEPENDS
ON DALITZ VARIABLES;

CONTAINS DY AND DY PART (DUE TO MIXING) M(mf, mf,t) _ <KS7Z'+7Z'_ ‘ Do(t)> _

m_? = m?(Kg7?);

THAT PROPAGATE DIFFERENTLY IN TIME,
A1 2= (XY);

— %ﬂ(mf, m2)le 4t + et |+

INSTANTANEOUS AMPLITUDE;:
SUM OF INTERMEDIATE STATES
WITH (UNKNOWN) RELATIVE

DO—f
n Eﬁ(mf’ mf)[e‘”it B e—mzt]

2 2
A(mZ,m;) =
BY STUDYING THE DECAY TIME | |
EVOLUTION OF DALITZ PLANE — - Z a_ e B(m’,m?’)+a,, "=
ACCESS DIRECTLY X, Yy

A(mZ,m?) =

=> a, e B(mZ,m?) +a,, e

BELLE PHYs. WEEK, KEK, OCT 2019



Mixing

MULTI-BODY SELF CONJUGATED STATES

DO 5Kz 77"

NO CPV RESULT:

X = (0.56+0.19 + 03 4 0%6yoy,

0.09  0.09

y = (0.30+0.15+ % + 9%)05

0.06

I

UNCERTAINTY DUE TO
DALITZ MODEL

BELLE PHYS. WEEK, KEK, OCT 2019

r
L
>
[
O
wn
-
<«
o
@
o
c
o
>
w

Events/ 0.011GeV?c*)

Events/ 0.015GeV?c?

T3

m2 (GeV?/c?) m? (GeV?/c?)

T. PENG ET AL., (BELLE COLL.), PRD 89, 091103 (2014)



Mixing

MULTI-BODY SELF CONJUGATED STATES
DO 5Kz 77"

BIIPB

BELLE II: .1 o(x) [107]
SYST. UNCERTAINTY
DOMINATES @ FEW AB'!

IN TURN, SYST. UNCERTAINTY
DOMINATED BY THE MODEL G(y) [10-2]
UNCERTAINTY _ e

CAN THIS BE EVADED?

BY MEASURING STRONG
PHASE VARIATION ACROSS
DALITZ PLANE USING

COHERENT DODO paIrRs (BES I1I)

BELLE PHYs. WEEK, KEK, OCT 2019



Mixing

MULTI-BODY SELF CONJUGATED STATES

DO 3 K T —/—72— - A. BONDAR, A. POLUEKTOV AND V. VOROBIEV, PRD 82, 034033 (2010)
S A. GIRI, Y. GROSSMAN, A. SOFFER, AND J. ZUPAN, PR D 68, 054018 (2003)

MODEL INDEPENDENT METHOD
DALITZ- AND t- DEPENDENT AMPLITUDE UP TO O(X2,y?) NOTATION: |GIS [.p€'%
P

C. THOMAS,
G. WILKINSON,

+ xpsin(d1213 — 013,12 — (l('P)}J JHEP 2012185

Gl —I't] 2 : ol 8 Y
PD()(‘III-IQ. mys, t) =Te [(112.13 + Trop @12.13 A13.12 L't {I/D (_‘()b(()lg_l;; = ()13_1-2 = (,1(']))

INTEGRATING OVER DALITZ- AND t-BIN

ty
9 9 92 o,
/ / Ppo(miy, mis, t) dt dmi, dmis =
i Jt

2N symmetric bins

a

n{(e‘““ _ e Tt [F(e_n“l‘a _ e Thg) o (e — (f‘rtb)]

X {"'(‘P v IT_i(yp [ci cos(acp) + s;sin(acp)| + xp[s; cos(acp) — ¢ Sill(“('P)])}}

_ IN LIMIT OF NO MIXING AND NO CPV
/ afy 13 dmi, dmis . ‘:C‘ # OF EVENTS FROM D? IN i-TH BIN

: S. =Sy —> FREE PARAM. OF FIT
COSINE AND SINE OF AVERAGE
STRONG PHASE DIFFERENCE D9%D0
IN BIN | WEIGHTED BY RATE
— QUANTUM CORR. DD pAIRS

~ ~ 9 9
(012,13 — 013.12) dmy, dmis,

1 /
—F— [ Q12,13 Q13,12 COS
VT.T_; J;

- ~ \ 9 2
(012.13 — 013.12) dm7, dmi, .

1 / .
—— [ 1213 Q13125111
i I R

BELLE PHYs. WEEK, KEK, OCT 2019




Mixing

MULTI-BODY SELF CONJUGATED STATES

0 b J. LIBBY ET AL. (CLEO-C COLL.), PRD 82,1 12006 (2010)
D° >Kgz 7

MODEL INDEPENDENT METHOD

BINNING OF DALITZ PLANE BASED ON

A. POLUEKTOV ET AL. (BELLE COLL.), PRD 81, 112002 (2010)

(A0~ CONST. ACROSS BIN)

°
>
)
S
o |
£

RESULTS USING L.=0.8 FB!
' C; S.

Equal Adp Belle

0.710 % 0.034 =+ 0.038 —0.013 = 0.097 + 0.031

0.481 4 0.080 =+ 0.070 —0.147 = 0.177 + 0.107

0.008 + 0.080 + 0.087  0.938 + 0.120 + 0.047
—0.757 £ 0.099 + 0.065  0.386 + 0.208 + 0.067
—0.884 + 0.056 + 0.054 —0.162 + 0.130 = 0.041
—0.462 =+ 0.100 + 0.082 —0.616 + 0.188 = 0.052 t-DEPENDENCE OF DALITZ

0.106 4 0.105 + 0.100 —1.063 = 0.174 + 0.066

0.365 % 0.071 £ 0.078 —0.179 = 0.166 + 0.048

0.5 1.0 15 2.0
m?2 (GeV?/c?)

METHOD P. 76

J. LIBBY ET AL. (CLEO-C COLL.), PRD 82,112006 (2010)

UNCERTAINTIES ON C; , S; PROPAGATE TO MEASURED VARIABLES (AS SYST. UNCERTAINTY),
STILL STAT. DOMINATED — BESIII HAS 3 FBT OF DATA, PLANNING TO RECORD 10 FB MORE

BELLE PHYs. WEEK, KEK, OCT 2019



Mixing

MULTI-BODY SELF CONJUGATED STATES
DO 5Kz 77"
MODEL INDEPENDENT METHOD

T. PENGET AL., (BELLE COLL.), PRD 89, 091103 (2014) : 1.833 - 10% D* TAGGED D° —>Ksz 7" /AR

C. THomas, G. WiLkinson, JHEP 2012:185 © 1O0 - 10® D*TAGGED DO —)KS7Z'+7Z":

| HCB SAME STAT. oX)=[+0.017 +0.076(c;, Si)] 102 CLEO-C (0.8 FB')
UNCERTAINTY WITH o(y)=[+0.019 +£0.087(c;, s)] 102

~ADDITIONAL 1 FB'!

(IN ADDITION TO EXISTING 27 - 108 D*TAGGED D° »Ksz*7-: (BELLE [l @20 AB')
9 FB") \G(X)“ [+0.032 £0.039(c, s)] 102 BESII (3 FB")

l. BEDIAGA ET AL. (LHCB CoLL.), LHCB-PUB-2018-009

o(y)=[+0.036 +£0.045(c;, s)] 10?2 (JUST NAIVE
SCALING WITH L)

: MODEL
1 DEPENDENT

BELLE PHYs. WEEK, KEK, OCT 2019



Introduction
Facilities
Spectroscopy

Mixing
CPV
Decays

WHERE DO WE STAND?

INPUTS TO FIT

Yep (0.715+0.111)%

X (no CPV)

0.56 £0.19 +0.067 0127
y (no CPV) o

Q30005200 e

X (no CPV)
y (no CPV)

(—0.86 + 0.53 £ 0.17)%
(0.03 = 0.46 £ 0.13)%

(0.16 £0.23 £0.12 £ 0.08)%
(0.57+£0.20£0.13 £0.07)%

(1.5+1.2+0.6)%
(0.2+0.9+0.5)%

World average (COMBOS combination). of DY - K"K /a"n /K"K K°

LHCb D° — KO n'n ~ results using 1 fb! (Vs = 7 TeV)

Correlation coefficient = +0.37, no CPV.

BaBar D? — K% n'n ~ and D? — K% K* K ~ combined:;
Correlation coefficient = +0.0615, no CPV.
BaBar D° > nln'n~

Correlation coefficient = —0.006, no CPV.

(0.0130 = 0.0269)%

World average (COMBOS combination). of D% — KT v results

(2.61 057 _ o+ 0.39)%
(—0.06 7035 _ (£ 0.34)%

BaBar K" 7~ 7 % result; correlation coefficient = —0.75.
Note: x"=xX €08 O e + VS Ok g Y — V€08 O — X0SIH O

(0.533 £0.107 £ 0.045)%
(0.06 £0.23 £0.11)%
(42+2.0+1.0)%

0.81 ;0'22—0.18 *0.07_0.05
—0.01 £0.41 £0.04

BELLE PHYS. WEEK, KEK, OCT 2019

CLEO-c W(3770) results; correlation coefficients:
1 0 0 -042 0.01

1 073 039 0.02
1. =053 =0.035
1 0.04

1




Introduction Mixing
Facilities CPV
Spectroscopy Decays

WHERE DO WE STAND?

INPUTS TO FIT

(0.351 £0.035)%
(0.008 £0.018)%
(0.43 £0.43)%

(0.3454 £ 0.0045)%
(0.0061 £+ 0.0037)%
(0.501 £0.074)%

(0.3454 £ 0.0045)%
(0.0016 £ 0.0039)%
(0.554 £ 0.074)%

BELLE PHYS. WEEK, KEK, OcT 2019

DP MIXING AVERAGE

HFLAV

CDF_ K" nn ™ results for 9.6 tb~!. Correlation coefficients:
| 0.90 -0.97
0.90 1 —0.98
-0.97 -0.98 |

LHCb K'r ™ results for 5.0 fb~! (Vs = 7, 8 TeV)
Correlation coefficients:
1 0.843 —0.935
0.843 | —0.963
-0.935 —0.963 |

LHCb K" 7~ results for 5.0 fb! (\‘"s =17, 8 TeV)
Correlation coefficients:
1 0.846 —0.935
0.846 | —0.964
—0.935 —-0.964 |

B. GoLoB, CHARM EXP‘s 54/56



Introduction Mixing
Facilities CPV
Spectroscopy Decays

WHERE DO WE STAND?

INPUTS TO FIT

(0.303 £ 0.0189)%
(~0.024 + 0.052)%
(0.98 + 0.78)%

(-2.1 £5.4)%
(—0.020 = 0.050)%
(0.96 = 0.75)%

(0.353 £0.013)%
(0.009 = 0.022)%
(0.46 + 0.34)%

(0.0048 £ 0.0018)%

BELLE PHYS. WEEK, KEK, OCT 2019

HFLAV

BaBar K™ &~ results; correlation coefficients:
1 =HO.7ZT =087
+0.77 1 —0.94
-0.87 —0.94 |

BaBar K™ &~ results; correlation coefficients same as above.

Belle K™ ™ no-CPV results using 976 fb~L. Correlation coefficients:
1 +0.737 —0.865
+0.737 il —0.948
—0.865 —0.948 |

LHCb 3.0 fb~! pp collisions at Vs = 7, 8 TeV

DO 5>K'n antn™



Mixing

WHERE DO WE STAND?

HFLAV |

O NO MIXING POINT

X = (0.50 + 0.13)%%

— 0.14

y = (0.62+0.07)%

REPEAT FROM P. 29, W/O ANY
DISCLAIMER;

D° MESONS, LIKE OTHER M,
DO MIX, WITH THE LOWEST
PROBABILITY OF ALL

AP — D°) ~3-105
D° MIXING IS DATA DRIVEN FIELD
(N.B. X, YNEEDED FOR CPV PREDICTIONS)

BELLE PHYs. WEEK, KEK, OCT 2019



Introduction Mixing
Facilities CPV ADDITIONAL MATERIAL
Spectroscopy Decays

BELLE PHYS. WEEK , KEK, OcT 2019 B. GoLoB, CHARM ExpP‘'s 57/56



Introduction

UNCERTAINTIES

ASYMMETRY (B°, D°)

RATIO (K))

BELLE PHYS. WEEK , KEK, OCT 2019



Introduction

BESIII Experiment

Beijing Electron Positron Collider [I(BEPCII)

== e e =
5= T =

Compton backscattering
o measure tb..~

T —

-—

"\\ The BESII detector
% Z
L N P
Ve e e——-TE

1 Y

4

Double ring e e~ collider
Ecm : 2 ~ 4.6 GeV, operated since 2008

—2. 1

Designed Luminosity : 10*?cm~2s~! was

achieved in April 2016!

Beam crossing angle: 22 mrad

BELLE PHYSs. WEEK , KEK, OcCcT 2019

(Beijing Spectrometer I11) BESIII

Solenocid

Barrel
ToF

Endcap.__
ToF
SC —
Quadrupcle
Acceptance: 93% of 4x
MDC: o, /p = 0.5% at 1 GeV
EMC: o /E = 2.5% at 1 GeV
ToF: o = 80ps (110 ps) in barrel (endcap)
9 layer RPC Muon System

Superconducting Solenoid: 1 T

L. ZHANG, BEAUTY 2019




Introduction Mixing

FACILITIES - BES I
Spectroscopy Decays

Facilities CpPV

~ 1.3 NB IS 0 FOR TWO C QUARKS — AT LEAST TWO CHARMED HADRONS

olete” —» X, Y) GIVEN IN THE TABLE ARE NOT INDEPENDENT
(E.G. olete - DY) INCLUDES o(ete- - D*Y)WITH D*—> D ...);
HENCE WE INCLUDE ONLY o(ete — DY) IN THE SUM

BACK

BELLE PHYS. WEEK , KEK, OcT 2019 B. GoLoB, CHARM ExpP‘'s 60/56



Introduction

—
(&)
—
>
(3]
=
-
o
~—
(2]
et
c
@
>
w

8
7
6
5
4
3
2
1
0

- -
N © &~ ON

Events /5 [MeV/c?]

H @

32 33 34 35 36 37 38 39 4.0
M(A;Kn ) [GeVIc?]

BELLE PHYS. WEEK , KEK, OCT 2019

M. MATTSON ET AL. (SELEX COLL.), PRL 89, 112001 (2002)

SELEX. 2" BEAM ON TARGET,;
PRODUCTION OF CHARM HADRONS;
FERMILAB

HYPOTETICAL
ST >ANTK 7t

NEVER CONFIRMED BY BABAR,
BELLE OR LHCB



Introduction Mixing
e S SPECTROSCOPY EXOTIC

EXOTIC MESONS

STATES OTHER THAN (;0,, ;0,93 NOT FORBIDDEN IN SM;
EXOTIC JPC (e.g. O+, 1+, 2*,... FORBIDDEN FOR (Q);
EXOTIC DECAY MODES (NOT POSSIBLE FROM (q);
STRANGE PROPERTIES (WIDTHS,...);

PENTAQUARKS:
0102030405,
HYBRIDS:
CC +g’s;
TETRAQUARKS:
DIQUARK-ANTIDIQUARK, [cd][cq]
MOLECULES:
M(cg)M(cq), LOOSELY BOUND MESONS

BACK

BELLE PHYS. WEEK , KEK, OcT 2019 B. GoLoB, CHARM ExpP‘'s 62/56



Introduction Mixing
e o SPECTROSCOPY X(3872)

SINCE m(X(3872)) ~ m(D)+m(D*)
— DD* MOLECULE?

SUCH A MOLECULE IS IDEAL MIXTURE OF ISOSPIN COMPONENTS:

|1,13> =10,0>+|1,15>;

X(B872)DECAYS TO J yw p (nr) (I=1) AND J v @ (nrr) (1=0);

DUE TO LIMITED PHASE SPACE FOR J/ ¥ @ IT WOULD DECAY PREFERENTIALLY
(STRONGLY) TO J/y p;

EXPERIMENT: Br(J/w p) ~ Br(3/v @); ISOSPIN VIOLATION?

= NEW MODELS WITH ADDITION OF ¢€ (/=0)

BACK

BELLE PHYS. WEEK , KEK, OcT 2019 B. GoLoB, CHARM ExpP‘'s 63/56



Introduction

S. PRELOVSEK, L. LESKOVEC, PRL 111, 192001 (2013)

X(3872) ON LATTICE
ATTEMPT FOR Z.*(3900) Lat: m=266Mev  EXP

= |(a) This study ]
= BESII x*Jhpy —o— S e wngggenainl [ il e SO
Z‘ P - — v— - ———
g 0 10 x@3872) 17"
g 3.8 - —3.8
&
2
S 2. 3.7 13.7
Es —_—
| | | H & F il v .
3.2 3.4 3.6 3.8 4.0 3.6 B 1 —13.6
M4, (GeV)  DD* th 1l JH |l i
2§ - E =
differential rate from lattice differential 3.5 = v (1P 3.5
- | o\ 1E)
- rate from lattice if coupling between

J/W it and DD* channels set to zero by hand

Y. IKEDA ET AL. (HALQCD CoLL.), PRL 117, 242001 (2016)

BELLE PHYS. WEEK , KEK, OCT 2019
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APPROXIMATE DEPENDENCE OF RELATIVE ACCURACY OF YIELD ON LUMINOSITY AND PURITY

=L ~ 15 AB-!

BELLE PHYS. WEEK , KEK, OCT 2019



Introduction

+
P.*—>Jlyp
uudcc
R. AAlJ ET AL. (LHCB CoLL.), PRL 115, 072001 (2015)

L QCD: P, DOES NOT APPEAR IN
Jwp »>P.*>Jyp
SCATTERING, DECOUPLED FROM OTHER

CHANNELS
U. SKERBIS, S. PFRELOVSEK, PRD 99, 094505 (2019)

BELLE PHYS. WEEK , KEK, OCT 2019

UPDATE

— total fit :
— background

>
@)
=
N
7
[0
2
@
o
©
C
[
o
o
D
2
<
o)
2

P (4312)"

|
I

(I RS o BRI USSR o) ettt L2
4200 4250 4300 4350 4400 4450 4500 4550 4600
m o [MeV]

R. AAIJ ET AL. (LHCB CoLL.), PRL 122, 222001 (2019)



Introduction

DIFF. CROSS SECTION
ISR PRODUCTION FOR ISR PRODUCTION

CROSS SECTION FOR
ete- > f PRODUCTION

x=2E /s

VISR

PROBAB. FOR ¥, EMISSION
EFFECTIVE LUMINOSITY (KNOWN TO BETTER THAN 1%)

AT L=50 AB’!

WE WILL HAVE 2 FB!

LUMINOSITY TO

PRODUCE ISR EVENT

WITH

Vs‘ e [4 GEV -5 MEV,
4 GEV+5 MEV]

Bell

o 1I, 10/ab, ;zozo

Belle, 1/ab, 2010

Ecm (GeV) S

BELLE PHYS. WEEK , KEK, OCT 2019



Introduction

w(t=0))=a(0)|P°)+b(0)|P°) My (1)) =a) P*) +b(®)|P°) +...

BELLE PHYS. WEEK , KEK, OCT 2019
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Introduction

TIME EVOLUTION:

AN > 1) il |po)— 4 XY ¢ 5oy

| x|,|y k<1=

dt 2

P
dN(D® > f) oce—ft<f‘50>_£iX+y<f‘Do>ft

X,y Ik<1l=
| X ;] Y] m 0 2

dN(D° = f)
dt

ix+yft

e A 12,

dN(D° - )
dt

dN(D°* - f) TR, 2{1_ '

o e T|A [ [L- yRe(4, )Tt + xIm(2, )Tt]

Re(A, )['t—x

7 7 Im(A, )Tt
f f

dt

BELLE PHYS. WEEK , KEK, OCT 2019




Introduction

* ¢
TAGGING WITH D*‘s S. SANDILYA ET AL. (BELLE Il COLL.), B2GM OCT 2019

u = 1.863961 + 0.000038
6 = 0.005167 + 0.00003
c0 = -0.2392 + 0.012
c1=-0.3025 + 0.014
nbkg = 20007 + 171
nsig = 27269 + 191

o= 1.426 + 0.045
B=227.0+75
W= 0.1454425 1 0.0000031

c = 0.0004325 + 0.0000033
N, = 16518 + 162

N, = 27091 + 192

ks
\S]

@

2]

Belle Il 2019 Belle I 2019
Phase Il data ] Phase Il data

proc9+buc?7 proc9+buc7

Events / ( 0.0005 GeV/c? )
>
Events / ( 0.0075 GeV/c?)

S

n

[orere T ) N S S ol N N
P14 0.142 0.144 0.146 0.148 0.15 0.152 0.154 19 192 194
AM (GeV/c?) M[D"] (GeV/c?)

(a) D'-K'K

o
=

—
=
o

—
=
p—
=
=
_
2
=
=
=

vents per 1MeV/c
=
ta

-

E

182 184 18 188 19
M (GeV/eY)

M. STARIC ET AL. (BELLE COLL.), PRL 98, 211803 (2007)

BELLE PHYS. WEEK , KEK, OCT 2019



Introduction

G. DE MARINO, G. CASAROSA ET AL. (BELLE Il COLL.), B2GM OcT 2019

DECAY TIME

Belle Il PRELIMINARY
2.6 fb-1 Y (49)

data

BELLE I
D* — DY(K )7
<>~ 100 FS

LHCB
B, = Jy¢
<g;>~40FSs

&2
=
o

g=

=
o
7o)
o
—

300 400 500
p [GeV c]

R. AAIJ ET AL. (LHCB COLL.), INT. J. MOD. PHYS. A 30, 1530022 (2015)

BELLE PHYS. WEEK , KEK, OCT 2019



Introduction

¢; =arg(4;) = arg(%) =¢

n=+1 CP EVEN STATES
7 =-1 CP ODD STATES

0
dN(D° > f)
dt

e“Az{l—nf yﬂ cosgl't +7, x<sin ¢Ft}
P P
MmO
dN(D° - ) _
dt

e“Az{l—nf yB cosgl't —7, x2sin ¢Ft}
q q
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0
dN(D” — f) .
dt

e“Az{l—nf y% cosgl't +77, x% sin ¢Ft}

P P

— ) B B
dN(D" — 1) o eFtA2|:1—77f ya cosgl't —n, xa sin ¢Ft}

dt

0 o0
dN(D° - ) dN(D° > f)

- - e A [L- yoo Tt

Yep = W Vcp TAKING INTO ACCOUNT
q=p CPV IS GIVEN IN 2ND PART OF

Af = Af LECTURES

K*K, 7#7-: CP EVEN STATES
Ksg , Ksw | CP ODD STATES
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oce A, Z{rz - ry% cos(Sy, + @)t + rxﬂIo sin(J,, +¢)Ft}

dN(D° - )

- o e_ﬁ‘ﬂmﬁ_ 2{1— ryg cos(Sy . + )t +rx P sin(d,, + ¢)Ft}
g

NEGLECTING CPV (AND GOING TO 2NP° ORDER IN X, Y):

12 12

Tt | = X
oce‘“‘AKM {r —ry'Tt+ Z

dN(D° — f)

— (Tt) }

y': yCOS(5K7r) o XSIn(5Kﬂ)
X'=xc0s(0, )+ ysin(o,..)
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METHOD OF STRONG PHASE DIFFERENCE DX /50 DETERM. USING COHERENT
PRODUCTION OF D MESON PAIRS J.LBBYETAL. (CLEO-C COLL.), PRD 82,112006 (2010)

w(3770) (CP= +1)— D, D,;

if D, » CP+ =D, is CP-; (CP-TAGGED) CP = CP(Dl)CP(DZ)(—l)H

if D, »>D° >f;,, =D,isD® (FLAVOR-TAGGED)

# EVTS IN BIN | FOR FLAVOR TAGGED (D°) DECAY:

K; = Ap /]fD(mi. 1‘7’13)|2(177zi(11713 2Py (SAME FORDOWITHmM, <> m.)
v 1
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J. LIBBY ET AL. (CLEO-C COLL.), PRD 82,1 12006 (2010)

DALITZ DIST. FOR CP TAGGED (CP+, CP-) DECAYS

# EVTS IN BIN |
FOR CP TAGGED (CP+, CP-) DECAY:
FLAVOR-TAGGED:

;\[ii = h('p:'t(]\’i - 2(.‘,‘\/‘ [X—il\’_i T ]\’_i>

s /|fD m>,m?)[*dm> dm* = ApF,

2 )|| fo(m?, m?%)| cos[Adp(m?, m? )|dm?*.dm?*

o= e [0t

m?3 )| sin[Adp(m?, m*)|dm?> dm?>

1 » 2 2 x Fon D
Si = \/ﬁ ./iljD(NI;. I’Il:)HjD(”l:
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Semilept i:KS p03
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R. AALJ ET AL. (LHCB CoOLL.),
PRL 122, 231802 (2019)
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