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@ Introduction
@ Time-dependent CPV in B sector
® Time-dependent CPV in charm sector

® Summary
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CKM matrix

‘ Vudl V< V,ple " 1 0.2 0.004
5
VCKM — _‘ Vcdl Vcs | Vcb -+ O(A ) a 0.2 1 0.04
[Vigle ™ —|Vis|e™ |V 0.008 0.04 1
@ Key test of the SM: Verity unitarity of CKM matrix N
* Magnitudes: branching fractions or mixing frequencies : v % :
1.0 ; %
ePhases: CP violation measurement : '
® Sensitive probe for new physics oS
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Neutral meson oscillation

« Neutral Bg) mesons can oscillate through box diagrams

b wct g bW 4 e Time evolution:
A A A A
B? W W BY BY| |uct) 1w, ¢t | |BY ; d (@g(t) >) _
U i i X V U ) ) U dt Bs (t) >
q u,c,t b q |44 b
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Neutral meson oscillation

« Neutral Bg) mesons can oscillate through box diagrams

b u,t g b W a e Time evolution:
A A A A
33) %4 %4 Eg) 52) u, Catl 'uac7t l_;(g) ’I/ d Eg(t) > — (M —_ EF)
dt \|B2(t) >
VR , Y, VR Y, s
q u,c,t b q 44 b

e Mass eigenstates (H, L) are admixtures of the flavor eigenstates
> 2 2
1B), i) =P|B) £ q|B) (p.g€C, |pl"+|q|" =1

— |p/q| = 1 if CP conserved in mixing

o Mass difference Amy = My — M; = 2|M,;,| — oscillation frequency!
» Decay-width difference Al' (y =1, — 'y = 2|1}, | cos¢

mixing
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Measurement of BY — B? oscillations
e Flavour at production (t=0) could be difference from flavour at decay time t

‘ H/L(t» — e—lMH/Lt—FH/Lt/Z‘ H/L>

e Am, = (17.7656 = 0.0057) ps~!, most precise measurement to date!

— 20 — 0+ e RO 0 — 4+
Nat. Phys. 18(2022)1-5 By = Dy Bi — B] = Dy Untagged
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https://www.nature.com/articles/s41567-021-01394-x

Effective lifetime measurements in BSO — Jlyn'’

» Simultaneous analysis of CP-even decay B! — J/y(u*u™)n'(z*7~y) and CP-odd

decay BSO — J/wp" to determine Al

e Fit to the ratio of decay time R(?) in 8 bins

Ny,

R(t) — Ar(t) ' N_H

CO0UF— T T T T
R 0.22 LHCb
0.2 2.1 fb!
0.18
0.16
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0.12
0.1
0.08
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0.02

I|III|III|III|III|III|

g

+

t

8 decay-time bins, A,
for time acceptance

I|III|III|III|III|III|II |

t [ps]

Al'y = 0.087 -

JHEP 05 (2024) 253

-0.012 4+ 0.009 ps~*

2015+16
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2011+2012

Average

—e—

—0‘05 | | | | O | | |

0.05

0.1 0.15
AT [ps']

Agree with the World Average: 0.074 = 0.006 ps—1
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https://doi.org/10.1007/JHEP05(2024)253

CP violation in Bg) system

® CP-violating nature of weak interaction has multiple manifestations
® Requires two interfering amplitudes with different strong and weak phases

CP violation in mixing CP violation in decay

Unequal transition probabilities _
) i Unequal CP-conjugated decay rates

[(B— f) #T(B— f)

between flavour eigenstates

P(B — B) # P(B — B)

CP violation in interference of decays with /without mixing

Time-dependent or time-integrated difference of decay rates of initial flavour eigenstates

[(B..5) — fcp)(t) # [(B(wg) = fcr)(t)
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CP violation in Bg) system

® CP-violating nature of weak interaction has multiple manifestations
® Requires two interfering amplitudes with different strong and weak phases

CP violation in mixing

CP violation in decay

Unequal transition probabilities _
) P Unequal CP-conjugated decay rates

[(B— f) #T(B— f)

between flavour eigenstates

P(B — B) # P(B — B)

q/p

time-dependent
measurement!

CP violation in interference of decays with /without mixing

Time-dependent or time-integrated difference of decay rates of initial flavour eigenstates

[(B..5) — fcp)(t) # [(B(w) = fcp)(t)
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Time-dependent CP asymmetry

FB? )= f( ) FB0 f( ) —Cf COS(Amd(S)t) -+ Sf Sin(Amd(s)t)

ACP(t) — —
U'po - F) +Tgo () cosh (Arzd(s) t) + A7' sinh (Arzd(s) t)
Cr = AT = —
Sevil B R b Ay
(direct CPV)

- CPV in decay or mixing if | A¢| # 1
- For b — ccq transition, 5, & sin 2/,
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Time-dependent CP asymmetry

P. Li

FB?) f( ) FB0 f( ) B —Cf COS(Amd(s)t) -+ Sf Sin(Amd(s)t)

ACP(t) — —
U'po - F) +Tgo () cosh (Arzd(s) t) + A7' sinh (Arzd(s) t)
Cr = AT = —
Sevil B R b Ay
(direct CPV)

- CPV in decay or mixing if | A¢| # 1
- For b — ccq transition, 5, & sin 2/,
= Experimentally

Acp(t) & e7ZAM% (1 = 20) - (Cpcos(AmgH)+1,Sy sin(Am, 1))

o Flavour tagging of Bg) at production: probability of wrong tag @

* Excellent decay-time resolution o, (vertex resolution)
» CP eigenvalue of the final state 7,
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Flavour tagging

A ML-based statistical tool enables the identification of the B production flavour, allowing us to

measure interference CP violation

opposite side

oV . /‘ 0S kaon
b— c —
b— XI— OS muon
OS electron

OS vertex charge
OS charm
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ACP — I_(E(%S) — fep) — I_(B(%s) — fep)

- T(BYs)— fep) +T(BY) — fop)

® Same-side (SS) tagging: Use charge of
K/t produced in the fragmentation

® Opposite-side (OS) tagging: charge of
leptons or hadrons from the other b
hadrons



Flavour tagging

A ML-based statistical tool enables the identification of the

measure interference CP violation

SS pion S
SS proton SV _
SS kaon) e
T@—ce
™ K~
same side
opposite side
SV

/ ot G /. OS kaon

3 production flavour, allowing us to

ACP — F(E‘%s) — fep) — I_(B(%s) — fep)

- T(BYs)— fep) +T(BY) — fop)

® Same-side (SS) tagging: Use charge of
K/t produced in the fragmentation

® Opposite-side (OS) tagging: charge of
leptons or hadrons from the other b

b— c
b— XI— OS muon hadrons
OS electron
OS vertex charge
OS charm
Tagging power | B —» v K2 | BY? —» J/YKK | B — ¢¢
€ag (1 — 2w)° (4-6)% 4.3% 6%

* tagging efficiency €rag mistag rate @
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Decay-time resolution

e Decay time resolution dilutes oscillations, & = exp(—

® Significant for BSO system, negligible for BY

m [

2= (o + (g
R
~200pym o,/p ~0.4%
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Decay-time resolution

o Decay time resolution dilutes oscillations, & = exp(——oc’Am?)

® Significant for BS system, negligible for BY

m [

2= (o + (g
R
~200pym o,/p ~0.4%

e Effective Gaussian resolution model:

—30 °

Oeff [ps]
-
I
L]
5
Normalized yield

o, as a function of o, (11 bins)

20
Ocff = Do T P1 0
10
5 EPJC79(2019)706 -

0.05

6,;(By) ~ 43 fs » D = 0.757
6,(B") ~ 60 fs - D ~ |

SRiniRidiE SR O
0 0.05 0.1 0.15

0, [ps]
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https://link.springer.com/article/10.1140/epjc/s10052-019-7159-8

S111 2 ﬂ Phys. Rev. Lett. 132 (2024) 021801

e Decay mode B - WKQ (CP-odd only) offers a theoretically clean access to the CKM angle

X — g+ SIN2[- sin(Amt)

07 —— T T T T T T T T T T T T T T T T
— o ‘
0.6 A

e
0.5 — & n 2b

3

0.4 —3
— [$]

x

03 |

0.2

sin(23) # 0 = "CP violation
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https://doi.org/10.1103/PhysRevLett.132.021801

Phys. Rev. Lett. 132 (2024) 021801

sin 2

e Decay mode B - nyg (CP-odd only) offers a theoretically clean access to the CKM angle [

X — g+ SIN2[- sin(Amt)

e Consistent with other measurements, still statistical
uncertainty limited
e | HCDb results dominate the latest World Average

SRun2 _— 716+ 0.013 + 0.008

0
WK
Run 2 - — m
C — 0.012 i 0.012 i 0.003 Sln(2 — Sln(2 Summer 2023
0 1
WK PRELIMINARY
BaBar J/y K. ' | | 1 ) 0.657 + 0.036 + 0.012
S =sm2f+ A¢g, + AquP) 2 S Ul ;
- S [ BaBar JAy K 0.694 + 0.061 + (.031
d d §§ (VT4SY P — PSDa7:9 (2‘5095072009 d
. . . j BaBar (2S) K 0.897 +0.100 + 0,036
(penguin contributions Ag, ~ 0.5 deg) . 22D 0 oo 052000 groamag
e Belle JAy K 0.670 +0.029 + 0.013
e A Y e - ' PRL 108 (2012) 171802 ——g ’
- 2 Am & Am = [ ;
6 [~ | Y Aam, 2 £ EI?JMJEL = [ Belle JAy K 0.642 + 0.047 + 4.021
“ Ba. : y 4 s S 0.251 PRL 108 (2012) 171802 " * || :
05 5 sin2p . — i Belle y(2S) Kg - y 0.718 + 0.090 + 0.031
SR a o aols 0 0.00 f PRD 77 (2008) 091103(R) H :
04 —5 - - LHCb Run 1 J/y K 0.750 + 0.040
= £ [ : JHEP11L(12nO17) ho | :
03 £ _0'25: — : LHCb Run 1 (2S) K _ . 0.840+0,100 +4.010
— i 1 ] HEP 0 0 il ) ‘
0.2 [ ; .
_ a . LHCb Run 2 JAy K 0.720 +0.014 + 0.007
0 "I LHCD preliminary LHGb-PAPER 2023013 - :
. | . : LHCb Run 2 y(2S) Kq
L ST A L —0.75F LHCb-PAPER-2023-013
0'0-0.4 -o|.2 0.0 0.2 0.4 [ BO—MD(—) ff)Kg(% 7T+7T_> World Average
. 2 / 0 \ ‘_)CP s l t' —1.00 I : H.FLAV . " : . 2 H
sm( 'B) 7 4 vioiation -0 2 4 6 8 10 12 14 0.4 0.5 0.6 0.7 0.8 0.9 1
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https://doi.org/10.1103/PhysRevLett.132.021801

@, in b — ccs transition ohys. B Latt 132 (2024) 051602

® SM predicts: p KM o 23— (—().0368J_r8:8888) rad

e Highly suppressed than in BY system (S5 ~22°)

Vusvzzkb T VcsV(SZ + Vis t}k) =0

X — 1]y - SINQ- sin(Amt)

VisVi

~ —20. = 2ar -
b, Py g( VCSV;‘z)

(ignoring penguin contribution)

o Golden mode: BY — J/yip
(mix of CP-even & CP-odd)

ut
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@, in b — cCs transition

® SM predicts: p KM o 23— (—().O368J_r8:8888) rad

e Highly suppressed than in BY system (S5 ~22°)

Phys. Rev. Lett. 132 (2024) 051802

VusVJb T VCSV;) + Vis JZ —

X — 1]y - SINQ- sin(Amt)
(0,0) NOT TO SCALE (1,0) s

VsV
VesVii e \WWorld-best measurements, consistent with SM predictions
(5.7) e Still statistical limited
b~ — 28 = 2arg( VisVib LHCb combination: New World Average: (1 16%)
T T A TSI v H¢ = —0.031 £ 0.018 rad $¢ = —0.050 £ 0.016 rad
(ignoring penguin contribution) goos‘ LHCbRunlmfb.. ' o posft A
7 o ] 0.13 68% CLﬁcintours
o Golden mode: B, — J/y¢p % | - st
| R L _— T~ - g 0.11 4 CMS 116.1 fb
(mix of CP-even & CP-odd) £ N+ —+—+ 1 ¢ -
Y 3 s . — 0.09 . ) ]
pt s ) dined LHCb9fb‘1
~0.05 — 0.07
0 l 01.1 — .0f2 - Ol_3 — 0-0%5 -0.3 0.1 0.1 0.3
( ps) modulo (2/Am,) ¢<“[rad]
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https://doi.org/10.1103/PhysRevLett.132.051802

@, in b — s§s transition

@ Benchmark channel Bf — O(KK)p(KK)
proceeds via b — s§s transition

e Penguin dominated decay
e NP contributes in penguin or mixing process

@ Similar analysis strategy as BS — J/yp(KK)

¢ = —0.042 £ 0.075 = 0.009 rad,
1] = 1.004 £ £0.030 £ 0.009

®* The most precise measurement in any penguin
dominated B decays

®* No polarisation dependence is observed
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Asymmetry
- -
> o <
@) o0 —

Q
-
~

0.02

-0.02

-0.04

Phys. Rev. Lett. 131 (2023) 171802

AN T N T TR TN SR NN S
0.2 0.3
(-t,) modulo (271/ Am) [ps]
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https://doi.org/10.1103/PhysRevLett.131.171802

CP violation in charm sector

* GIM mechanism very effective for charm decays, SM loops highly suppressed
e Tiny weak phases in first two generations of CKM matrix (< Ab~ 0.1%)

. Oscillation and CPV ( < 1079)
* |_ong distance contribution comparable/larger than short distance

T KTy e
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CP violation in charm sector

* GIM mechanism very effective for charm decays, SM loops highly suppressed
e Tiny weak phases in first two generations of CKM matrix (< Ab~ 0.1%)

. Oscillation and CPV ( < 1079)
* |_ong distance contribution comparable/larger than short distance

T KTy e

n ,K,...

Breakthroughs by LHCDb thanks to huge statistics:
First observation of CPV in D® = h*h™ decays
ANcp = Aep(KTK™) — Acp(mtn™) = (—15.4 + 2.9)x10™* [PRL(2019)211803]

Evidence of CPV in D® - ™ decay
Arp(mtn™) = (23.2+6.1)x107*(3.80)  [PRL(2023)211803]

P. Li - Time-dependent CPV at LHCb - 2024-08-16
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Time-dependent CP violation In D > ntr Y

arXiv:2405.06556

* First measurement of time-dependent CP violation in SCS mode

_ FDO_)fC’P (t) - FEO—UCCP (t)

D* — D%t ) - D° Acp(fop,t) =
+ — 0 . t
~ dir
» DO LT ~ Qfop AYfC’P Tho
N! 0 Nz—o
Ameas(<t/7- O)’l) = ? ?
N N po T N DO
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https://arxiv.org/pdf/2405.06556

Time-dependent CP violation In D > ntr Y

arxiv:2405.06556

* First measurement of time-dependent CP violation in SCS mode

%iﬁﬁ LHCb E %180
Emo - ] &b
@) . @)
(1)40 145 150 Am (MeVI)SS
— ] - ———— —————— -
S f | LHCb =~ - - _
g 0.5F e b1 77667 2 AYfCPz"J;"P (q : p>x8in¢_<q p)ycos(b
O - - I.o. | 1 - \|P q p q i
O Tl l ~ L
g - II TT :l:"'“ 1 *No evidence for time-dependent CP violation,
- I — :
<-05 _ Dt constant with world average
1L R P R S S — — (— 4+ + —4
10 3 4 6 t% AY = r;CPAYfCP (—-1.3%£63x24)%x10
T o
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https://arxiv.org/pdf/2405.06556

Time-dependent CP violation in D' = Kr

e Interference between mixing and decay for favoured RS and suppressed WS decays

D*+ 7 Do-r[:l-ow MIX BO DCS
> D0 — K T[+
CkH
F(D°(t) - KTn™)
RKT&' — -

DCS over CF amplitude

K

(t) A Ricaf (1 -

(D9 — K—7t+)

= AKT{') + Rk (]. =

D+ — DU

—.D°
- 2w

» DO

DCS

= F(m(t)%K ")
Km (DY — K+tm—)

A S e ) (L) + (c

’T'DO

» K*TU

= V- (

CPV observables: Ak, (in decays), Ack, (in interference), AC%7T (in mixing).

/

Mixing observables: cx ., ¢,

P. Li - Time-dependent CPV at LHCb - 2024-08-16

TDO

;



Time-dependent CP violation in D' = Kr

 Measured with yields: RS ~400 M, WS ~1.6 M

P. Li

3

o 550_ | ' T ]
S LHCb g :
~ 500F 6 fb i :
P = — _
| - : -
— - et _
+ 450 ==
£t T Tom

400 #-.-'""* Baseline -

350 :_ 1'“## I | : :No CIP Viollation B
S :
S O
L :
L —10F T :
g i i
o N a
— =20 -

0 2 4 6
D' decay time / T
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arxiv:2407.18001

i<|103' T T T T 30 §|106| — T T
250 _—LHCb N : LLHCb — Data §
- ] 251 6 fb Signal —

200 D'>K'x Comb. bkg. 1

: 201
150F -

15

Candidates / (50 keV/c?)
Candidates / (50 keV/c?)

10(-

51

| 1 | | | | | | | | | | | | 1 1 : I A L | | -
O2005 2010 2015 2020 02005 2010 2015 2020

m(D7) [MeV/c?] m(D°z¥) [MeV/c?]

RKW (343.1 e O) § b
€ (Wl 4 E35) % 1(]—4 Mixing parameter
o (13.1 & 3.7) x 1076 Evidence of non 0
AK7T (—7.1 =+ 0. O) X 1C_3
Ac,.  (3.0+3.6) x 1074 No CPV
AC/K7T (—1.9 =0 8) §

C,. Y12 COS gb? cos Ay + x12 COS qb?f Sin A
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https://arxiv.org/pdf/2407.18001

Looking at Run 3 and beyond

~ZL  ~4x107 cm™257! ~L  ~2%x10% cm™%s7! ~&L o~ 15%10%* cm™2s7!
~1 visible interaction/ounch-crossing ~9 visible interaction/Xing ~40 visible interaction/bunch-crossing
9 fb-1 ———>» <4—— (Goal: 50 fb! —p <—— Goal: 300 fb-! —>»
Upgrade 1 Consolidation Upgrade 11
Run1 | LSI1 Run 2 LS2 Run 3 LS3 Run 4 LS4 Run 5 LS5 Run6
2011 20122013 20142015 2016 2017 2018J2019 2020 2021202242023 2024 2025|2026 2027 20282029 2030 2031 2032}2033 2034|2035 2036 2037 2039 2040 2041 2042

TNOW
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Looking at Run 3 and beyond

_n _ 33 —2.—1 34 —2.—1
~FL  ~4x10°% cm2s7! ~L o~ 2X 1077 ecm™s ~L .~ 1.5%X 107" cm™s
~1 visible interaction/ounch-crossing ~9 visible interaction/Xing ~40 visible interaction/bunch-crossing
9 b1 ——> <4+—— (Goal: 50 b ————p 4— (oal: 300 fb1 —p
rade I Consolidation Upgrade 11
Runl | LS1 Run 2 Run 4 LS4 Run 5 LS5 Run 6
2011 20122013 20142015 2016 2017 2018§2019 2020 2021 202232023 2024 202512026 2027 202812029 2030 2031 2032}2033 203442035 2036 2037 2039/2040(2041 2042
i I BaBar ;{i- 0.05} LHCP Run 1 . —
=) . i \
L 0.030f LHCP Run 1 UT fitter based on SM ] iam !
= = | \ ATLAS 15-17 _
S o Bele | HCb-PUB-2018-009 - ©o04 ) -
0.025[- \ . - - - - - ‘\‘ LHCb-PUB-2018-009 |
_ Bellell physics book \\ ATL-PHYS-PUB-2018-041
0020__ \\“ | O 03__ “\‘ CMS‘PAS'_ R'18‘O41 -
I \ HFLAV 2018 World Average R !
00151 LHCD, 15-18 (preliminary) _ LHCb'J/YKK 15-18 (preliminary 1
- ™ . i . HFLAV 2021 World Average
HFLAV 2023 World Average (preliminary) (35%) 0.02 T T e e i
B s N st i Al i I HFLAV. 2023 World Average (preliminary) (15%) -
] LHCE) Run 4 Belle Il (50 ab‘1)5 0.01 B \\\LHCb Run 4
0.005~ T * 7] I el
' ~LHCb Run 6 : : [HepRune CMSRUne
! ] . CKM fitter based on SM ATLAS Run 6 |
0000 , o T coo———— 1
100 10 102 10° 104 100 10’ 102 103
_ LHCb L fo
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https://cds.cern.ch/record/2636441
https://arxiv.org/abs/1808.10567
https://cds.cern.ch/record/2636441
https://inspirehep.net/literature/1795259
https://cds.cern.ch/record/2650772?ln=en

Summary

v LHCb dominates the world average of many measurements in CKM and CPV
v Flag-ship time-dependent measurement of CP violation in Bg) and D" decays with full

LHCb data sample, providing the most precise results
v Run 3 is running, looking forward to further test of the SM and search for new physics

0-7 I I I I I I 1 ! I 1 I I I I I T I | 1 I I I I I I I I

Y e

0.6 : :
sin 2l3 : Amd & Ams LHCb 300/fb

0.5

0.4

excluded area has CL > 0.95

1<
0.3

IIII|IIII|IIII|IIII|III

0.2

0.1

- IIII|IIII|IIII|IIII|IIII|IIII|IIII

0.0 | 1 | I | 1 | 1 | 1 | 1 1 1 1 1 1 I 1 1 1 | 1 1 1
-0.4 -0.2 0.0 0.2 0.4 0.6 0.8

I
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L HCb detector

General purpose detector specialised in beauty and charm hadrons

LHCb MC
's =14 TeV

A
Yy
M2 M
n gn P _
M1
12 =
RICHI ‘
Verte e
oroton beam Locator h
77 A ]
- Y i
—5m |- or - : _
l | I l | | | | | >
10m 15m o Z
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LHCb performance:

JINST 14 (2019) P04013
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https://iopscience.iop.org/article/10.1088/1748-0221/14/04/P04013

L HCb detector

General purpose detector specialised in beauty and charm hadrons

» Daughters of b & ¢ hadron decays: p, ~ O(1 GeV/c), flight distance L~1mm o= 14 TV
A
y -
M3
5m |- SPD/PS 1\ M2
Magnet =
- = T3 RICH2 IMF;CAL =
) 12 e
RICHI
Verte
proton beam Locator/ _ / ke
7 1]
- \‘O r | | | | i
~om - \ \ | ek 4 =
| o I I I >
10m 15m 20m z
collision point L
SV A LHCb performance:
P ’_L,-.:-- JINST 14 (2019) P04013
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https://iopscience.iop.org/article/10.1088/1748-0221/14/04/P04013

L HCb detector

General purpose detector specialised in beauty and charm hadrons

» Daughters of b & ¢ hadron decays: pp, ~ O(1 GeV/c), flight distance L~1mm e oy
Precise vertex Excellent decay time ) . MS
measurements, | resolution ~ 43 fs for B, - M3
6(IP, )~ 35 pm % o e F
) P =———=
/ RICHI ‘
Verte
proton beam Locat. /) o
v 11
L \O T — || a
~om - \ \ | ek 4 -
- / i \
| I I I >
10m 15m 20m V4
collision point L
SV A LHCb performance:
PV L. JINST 14 (2019) P04013
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L HCb detector

General purpose detector specialised in beauty and charm hadrons
» Daughters of b & ¢ hadron decays: p, ~ O(1 GeV/c), flight distance L~1mm B =14 Tev
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L HCb detector

General purpose detector specialised in beauty and charm hadrons
» Daughters of b & ¢ hadron decays: pp, ~ O(1 GeV/c), flight distance L~1mm

Excellent decay time
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Control of penguin contribution

o o(¢,) ~ 0.016 comparable with the theoretical estimation of Agbfe”g”i” ~ 1°~ 0.017,

better control of penguin effect necessary

@ Combined analysis of penguin contributions in ¢, and ¢, (sin 2f), using SU(3) flavour
symmetry
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CP asymmetry in Bg) — h*h™

e Simultaneous fit to the invariant mass, Bg) decay time and tagging decision for

P. Li

B > 77, B;) — K+K_,B8) — K, providing constraints to «, y, Sin2p,

e [he first observation of time-dependent CP violation in BSO decay
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CP asymmetry IN Bg) —> h+h_ JHEP03(2021)075

e Simultaneous fit to the invariant mass, Bg) decay time and tagging decision for
B - 71, B;) — K+K_,B8) — K, providing constraints to «, y, Sin2p,
e The first observation of time-dependent CP violation in Bg decay
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Effective lifetime measurements in BSO — JIYN s comen

o CP-even decay BSO — J/w(u*u")n(yy) allows to determine 7; = 1/I";
e Simultaneous fit to invariant mass and decay time
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