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CP violation and the CKM matrix

The CP problem

@ The huge matter/anti-matter asymmetry in the Universe is inconsistent with the
small CP in the Standard Model (SM). — Search for new sources.

@ Loop-dominated decays can have significant contributions from new heavy
particles that enter in the loops. — Detection via precision measurements.

CP violation in the SM
@ The only source of CP violation in the SM comes 1§A2/2 S A)\3(b—z‘ ) |
from the CKM matrix, governing the quark mixing. ¢ Y 1-22/2 e ‘
. . L. . t\ANB1—p—in) —AN? 1 |
@ Unitarity matrix. — Unitarity triangles.
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Types of CP violation
- -

The decays of beauty hadrons (mesons or baryons) provide excellent scenarios
to measure the CKM parameters and look for new sources of CP violation.

o CP violation in the decay (A)

[Py = p|P%)+q|P°) | Ar=(fIHIP) . 1o
\P2>:P|P0>—q|ﬁ0>J A?:<f|H|P>J |Ar/Ag| # 1

e CP violation in mixing (B)
o Occurs in neutral mesons
2

w | _r (/ 2| = ( g ° \_q/p\.#ll
@ CP violation in the interference between

mixing and decay (C)
o Neutral meson decaying into a non-flavour
specific state
A
o |m(g Af;) 41

*e Measure CP violating parameters
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' o” 7 ;.—( o S¢, Ds: CPV in the interference
o C: CPV in decay
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The LHCb experiment
_ ———————
@ This talk summarises the state-of-the-art measurements of CP violation |
performed at the LHC, mostly focusing on the LHCb experiment. i

the LHCb deteCtor single-arm forward spectrometer

LHCb [int. J. Mod. Phys. A30, (2015)1530022] muon system pseudorapidity range % 2<n<5

u/h separation
trigger

ma M3
w M
SPDIPS 0 M2 -
o ECAL

ICH detecto data samples

2010-11 1.1fb? at 7 TeV
| 2012 2.1fb! at 8TeV
2015-17 3.6 fb* at 13 TeV

conductor warm, Al

~5m integrated field 4Tm (10 m)
orimet T peak field 11T
‘ calorimeter g L
L1 1| h/e/y separation PR ) >
| 10m 20m z
| trigger

@ Excellent track and vertex reconstruction, good PID separation, flexible trigger.
@ Decay-time resolution: ~ 45 fs.

‘ l @ Flavour tagging power: 4 — 8%.
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Measurement of the CKM angle ~
- -

The CKM angle ~

@ The angle v = arg(—V,gV,j,/Vea V7)) is the least known in the Unitarity Triangle.

@ It can be measured from tree-dominated decays.
— Very small theoretical uncertainty, |d,| < O(10~7) [JHEP 1401 (2014) 051].

Vs SKf @

" po
- [
B-
b ¢ Ves
v Favoured v v Suppressed v

@ The suppression of these kind of decays motivates the combination of many measurements.
@ Two different strategies:

o Time-integrated measurements: e.g. B — DK™
o Time-dependent measurements: Bs — DsK M
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https://link.springer.com/article/10.1007%2FJHEP01%282014%29051

Measurement of the CKM angle

@ New LHCb combination, following the strategy of the previous LHCb combination
[JHEP 12 (2016) 087] but with new analyses and updated measurements.

B decay D decay Method Ref. Status since last o Ir T ]
combination [1] LI) r LHCb ]
B* = DK* D — h*h- GLW [16] Updated to Run 1 + — 08 Preliminary _|
2fb~" Run 2 r ]
B* = DK* D = hth~ ADS [17]  As before 06l 1
BY — DK+ D — htrata~ GLW/ADS  [17] As before r ]
B* = DK* D= hth~x®  GLW/ADS  [18] As before 0l B
B* - DK* D — Kh*h~  GGSZ [19]  As before 1
B* = DK* D— K)K*z~  GLS [20)  As before o2k B
B* = D'K* D — h*h~ GLW [16] New 1
BY — DK** D= hth™ GLW/ADS ~ [21] New ]
BY = DK*ntn~ D — h*h~ GLW/ADS  [22] As before 50 100
B° = DK™ D= Ktn~ ADS 23] As before B B decays r [°1
BY— DK*n~ D= hth- GLW-Dalitz  [24] As before B ° decays
BY = DK* D - Kln*r~  GGSZ [25] As before B 5 decays
BY = DFK* Df = h*h~zt  TD [26] Updated to 3fb~"
Run 1 I Combination

oot oy — 5.1
@ LHCb combination result: v = (76.813%)°
@ This is the most precise determination of v from a single experiment to date.

@ Compatible with the indirect determination: v = (65.3t12'_g)° [CKMfitter].
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https://link.springer.com/article/10.1007%2FJHEP12%282016%29087
http://ckmfitter.in2p3.fr/www/results/plots_ichep16/num/ckmEval_results_ichep16.pdf
https://cds.cern.ch/record/2275866

Measurement of the CKM angle (3
__§ —_—

sin(2P) = sin(2¢, ) L=
2p) (260,) B The CKM angle
Egga;g 12009)5072009 089008001 |
PRDBO%O@HZOD{ 0.69 +0.52 +0.04 +0.07 3
BBy (roni e L§20422021 @ The angle 8 = arg(— VgV, /Via V,}) can ‘
Bel 08 otz 171002 06740021001 be determined from the interference
PS8 250 oooy opvisote between mixing and decay in
OPAL H i 3.20 12+ 0.50, 0 o
(E:PDJFCS.WS(\:Q?B) - BY —» (CC)Ks.
PRD 61, 072005 (2000) —p o
PhCH15 o1 oateon 078004002 @ The B-factories still dominate the world
PRI otz 171001 087058008 average, but LHCb Run 1 is getting close.
Avere\xﬁe 0.69+0.02
2 -1 0 1 2 3
0.4
@ New Run 1 LHCb analysis of B® — J/1(ee)Ks o= gﬁ:jﬂ K ko
and B® — (2S)(up)Ks [JHEP 11 (2017) 170]. HE2 5 i) Ky
0.2 ombination
LHCb combination: I LHCb
C = —0.017 £ 0.029, S =0.760 + 0.034 ol
@ Complementary measurement from ATLAS : most
precise single determination of the B® mixing 0.2
width [JHEP 1606 (2016) 081]. 0“‘""""&’(’;‘“ 07 il o ]
5 1 1 ) !
ATy /Ty = (—0.1 % 1.1(stat.) + 0.9(syst.)) x 1072 s =sin(2B) §

e DI P —
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https://link.springer.com/article/10.1007%2FJHEP11%282017%29170
https://link.springer.com/article/10.1007%2FJHEP06%282016%29081

Measurement of the CKM angle [

-

@ The angle Bs = arg(— VsV, /VisV,;) is determined from the phase ¢S
associated to the interference between mixing and decay in b — ccs.

o Bg — J/1¢ is the golden channel. — Angular analysis needed to separate
different CP eigenstates.

@ The LHC combined effort dominates the global picture.

——

The CKM angle 35

ATLAS: [JHEP 1608 (2016) 147]

75k candidates

T
1o fo-BTav, 183" ~ Total Fit

5 MoV

1552 525 53 535 54 545 55 555 56 5

55
miJiy KK [Go]

CMS: [PLB 757 (2016) 970]

70.5k candidates

1970 (8 Tev)

3 T T T
2 Ccms * Data
Total it

4000

3000]

2000|

1000

i

e
25 53 535

i s
JIyK'K invariant mass [GeV]

 ———————

Candidates / (2.5 MeV/c?)
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LHCb: [PRL 114, 041801

(2015)]
95k candidates
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https://link.springer.com/content/pdf/10.1007/JHEP08(2016)147.pdf
https://www.sciencedirect.com/science/article/pii/S037026931630017X?via%3Dihub
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.114.041801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.114.041801

Measurement of the CKM angle [

.
g Ry e ® Global fit: ¢S = —21 + 31 mrad [HFLAV],
(Alog £:=149) dominated by the LHCb measurement
(s 197 0 [PRL 114, 041801 (2015)].
D CDF 9.6 b .
@ Focus on analysing more more data and
b3 o | studying the penguin pollution [JHEP 1503
ATLAS 19.2 7 ! ) (2015) 145].
o4 02 00 02 A @ Stay tuned for the LHCb analysis of Run 2!
@ LHCb measurement of ¢S in ;::ZZg ﬁP:Cb 3
BY — J/9KT K~ above the ¢(1020) region 2 1 —n 3
[JHEP 08 (2017) 037]. 2w S 3
. . . . . 5 800 aies0) 3
@ First time ¢S is measured in final states ooz — 3
dominated by a tensor. 200 o 3
@ New LHCb average (including J/¢¢ and 1 s s
. Cs __ K 2 -
l J/y7r): ¢S =1+ 37 mrad g (GeV]
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http://www.slac.stanford.edu/xorg/hflav/osc/summer_2017/#DMS
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.114.041801
https://link.springer.com/article/10.1007%2FJHEP03%282015%29145
https://link.springer.com/article/10.1007%2FJHEP03%282015%29145
https://link.springer.com/article/10.1007%2FJHEP08%282017%29037

New result! LHCb-PAPER-2018-006

CP violation in B(Os) — hH [ Preliminary! ] o et
- B

Indirect determination of CKM phases

@ The study of time-dependent CP violation in B?s) — hh’ allows the determination
of v and —2s (also @, when extra input is added) using loop-mediated decays.

@ Presence of loop-diagrams —- sensitivity to New Physics.

u . .
i w is uw
w is R u
b it
it u
—_—
dos ds - T
T P 2 S

New LHCb measurement using Run 1 data:
@ Measure time-dependent asymmetries in B® — +w~ and B — KT K—.

‘ @ Measure time-integrated asymmetries in B® = K*7~ and B — 7t K—.
@ Updating previous LHCb measurements: [JHEP 10 (2013) 183,Phys. Rev. Lett. 110

(2013) 221601]. M
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https://link.springer.com/article/10.1007%2FJHEP10%282013%29183
https://arxiv.org/abs/1304.6173
https://arxiv.org/abs/1304.6173

. . . New result! . 2016-
CP violation in BY, —+ At | Preteman | ("

@ Loose pre-selection + PID requirements (creating exclusive 7w, KK and K7
categories) + BDT against combinatorial background.

@ Flavour-tagged, decay-time- and hh’-mass-dependent fit to data, simultaneously
on the 7w, KK and K categories and including signal and background species.

@ Production and reconstruction asymmetries (from control samples) and time
acceptance and resolution (per event) are included.

@ Tagging power of ~ 4% for the w7 and ~ 3.7% for the KK.

% LHCb

E 3000 Preliminary Chran- = —0.34+0.06, Most precise measurements

; DBE—»K'K' S.in = —0.63+0.05, from a single experiment.

3 B ks Cior- = 0.20%0.06,

g 2000 :Agﬂpx-, SKH\  iseo 06’ (Cytk—»Sktk—>» AﬁiK—)

E B, KK Air”(’ - '79 0 deviates 4.0 o from (0,0, —1)

; = —0.79+0.07, )

© 1000 [ezocy s , K ’ = Strongest evidence for

Comb. bikg. Acp (B°— K*n7) = —0.084£0.004, time-dependent CP violation
| Acp (BY—rmtKT) = 0213+0.015, in the B? sector!
% 52 54 56 58 s

my, [GeV/c?]
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Phase ¢3¢ in BY — (K*7 )(K n™)

arXiv:1712.08683

¢299 phases

@ The b — sqq transitions occur at loop-level in the SM. = Potential New

Physics entering the decay.

@ The phase b — s5s was measured by LHCb using B? — ¢¢ decays [Phys. Rev. D

90, 052011 (2014)]. — Compatible with the SM expectation.

g

First LHCb Run 1 measurement of ¢§Ed

The B — K*(KTn)K™O(K— )
decay proceeds via a gluonic penguin
diagram in the SM.

It is sensible to the phase d)ﬁgd, expected to
be ~ 0 in the SM [JHEP 1503 (2015) 145].

To increase the statistics: study
BY — (Kt7~)(K— %) decays with
M(K*xF) € [750,1600] MeV/c?.
Dominant K= structures:

@ Scalar (j = 0): KZ(800)°,

K¢ (1400)°, non-resonant

@ Vector (j = 1): K*(892)°

@ Tensor (j = 2): K3 (1400)°
This leads to 3 x 3 = 9 channels and
19 polarisation amplitudes in total.

— Same phase ¢§Hd used for all the
amplitudes.

1 _—
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https://arxiv.org/abs/1407.2222
https://arxiv.org/abs/1407.2222
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.88.016007
https://arxiv.org//abs/1712.08683

Phase ¢3¢ in BY — (K*7 )(K n™)

—_ T T T ] ~1200 T T T
<, 1200 B = (K'a)(K7) -] o [ ats
% LHCb A Lo —+Dw [ HChH
> (KK 3 1000 |- Total PDF
> 1000 I8 — &K K) ] 2 r
] = o SS Il

= 300 Wl 5~ &) <+ 800 I
0 T8~ ®mKK) ot
= | | I

B A~ oK) 2 600
= 600 [ Partially reconstructed ] £ L
% 400 [ Combinatorial E 2 400
=] Total Model E £ [
g 200 —4— Data E % 200
O 4 ’ ' £ B

000 5200 5400 5600 5800 5 0500 1000 1200 1400 1600
m(K*m K 7*) [MeV/c?] =z m(K*7-) [MeV/c?]

@ Flavour-tagged, time-dependent, angular and K7 invariant mass analysis.
@ Model with 19 polarisation amplitudes.

@ Fit to background-subtracted data performed using GPUs.

@ CP-violating parameters: ¢§3d = —0.10 4+ 0.13 + 0.14 rad,
|A] = 1.035 4 0.034 £ 0.089. — Compatible with the SM expectations.

@ Dominant source of systematic uncertainties: size of the simulated samples used
to describe the acceptance. — Improvable in the future.

e DI —
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https://arxiv.org//abs/1712.08683

+ —0 New result! LHCb-PAPER-2018-007
D
S

i F
CPV N B — D( ) Preliminary! (in preparation)

_— —_—

Goals

@ Measure the direct CP asymmetries in Bt — D(";)BO decays, where D® — K~
or D° — K—ntr—nt, DT — K=nTnt and D — KTK~ 7", using Run 1 data.

@ Interference between Cabbibo-suppressed tree diagrams with loop diagrams
predicts CP asymmetries of O(1072).

@ Very efficient selection that employs topological and kinematic variables, meson
decay times and invariant masses. Divided in pre-selection + BDT.

@ Determine raw asymmetries from fits to M(Dé)BO) (very clean distributions) and

correct them for production and detection asymmetries (from control samples).

AP (B = DFD") = (0.4 £ 0.5 % 0.5)%, AP(B*— D*D) = ( 23+£27+04)%

@ No evidence of CP violation is found.

. . -0 . . -0
l @ First measurement in B¥ — D D" and most precise one in B¥ — D*D".

- - R
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[ New result! ] LHCb-PAPER-2018-001

CPV in baryon decays Preliminary! o resmaion

3 Goals

@ Previously, first evidence of CPV in a beauty baryon decay, /\?J — pr T
[Nature Physics 13, 391-396 (2017)]. f

@ Now, measure CP- and P-violating asymmetries using triple products in
A) — pKtn=nw~, A) = pK~K+K~ and =) — pK~K~ =+, with Run 1 data.

N

N(Cz>0)— N(Cz <0)
N(C7>0)+ N(C; <0)’

. 1 ~ 1 _
Ap= ap®it = 5 (As + A7), agpt = 3 (A7 - Az)

@ Decays mediated by b — usu tree + b — suu penguin transitions. — Interference
could lead to CP violation in the decay.

@ Pre-selection + vetoes against charm resonances + vetoes against mis-ID
backgrounds + BDT against combinatorial background + PID requirements.

@ Strategy: split each sample according to baryon flavour and sign of C4(C4).
Simultaneous fit to M(pKhh') in the four categories to measure the asymmetries.

j @ Complementary, the asymmetries are computed in different bins of the
phase-space (two-body-masses and angle |®|).

e DI —
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http://www.nature.com/articles/nphys4021

. New result! ] LHCb-PAPER-2018-001
CPV in baryon decays [ Preliminary! o resmaion
~ —~ 450 & T T T T
R IR TR N 9 @ ANC,>0) | T L eof@ECP0
= 1200 7 —Full it ] S 400 T —Full fit 1 > LHCb : !
> LHCb —A)— pK i () 3SokLHCb A KKK ﬁ s0E -E)—> prK K ]
= 1000L- Preliminary f} ~~Comb. bkg. = Preliminary " Preliminary o, pig.
> —Part-rec. bkg. 2 300¢ Comb. bkg. 3 : 40F A oK
g 800F —B'> K*'r ] g 250F “A-pK KT N { 78{']'_) ;’KTKT -
2 600 B OO BV 2 sopkkd 50 - i
m E, = pK m _po KR e 2
g A prrr 150F B'— K'K*K*n B 20f
—B'—» KKz 7+ 100F ~B{— K*KK*K3
1 10
_____ 50 ’ L I
4753 56 38 6 877754 55 s 6 0757 58 59 6 6
m(pK " w*r) [GeVic?] m(pKK*K") [GeV/c?) m(pa*KK") [GeV/c?]
A)— pK nhn A)— pK KTK~ E0 5 pK~K—nt }
abodd (%) —0.60+£0.84+£0.31 —1.56+1.514+0.32 —3.04+5.19+0.36
alpdd (%) —0.81+0.84+031 11241514032 —358+519+0.36 |
@ Results compatible with neither CP nor P asymmetry.
@ Same conclusion is reached when looking at per-bin asymmetries.

= T —
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Summary and prospects
_ ———————

@ Several new measurements of CP violation in beauty decays and more to come in
the near future.

— So far, results are compatible with the SM.

@ The role of the LHC experiments is crucial, in particular the one of LHCDb, leading
the World sensitivity in several of these measurements.

@ Precision will improve in the next years, with more data and upgraded detectors.

Some specific prospects

@ Measurement of v in LHCb: precision of 4° by the end of Run 2 and better than
0.4° with phase-2 upgrade.

@ Measurement of 3 in LHCb: precision of 0.6°(0.2°) with Run 2 (phase-1 upgrade).

@ Measurement of ¢<°s:

o ATLAS: increase in sensitivity with a new innermost pixel detector.
e LHCb: sensitivity with phase-2 upgrade expected to be < 3 mrad.

‘ l LHCb phase-2 upgrade: [CERN-LHCC-2017-003 (2017)]

e DI —
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CPV in

New result!
Preliminary!

LHCb-PAPER-2018-007

(in preparation)

< - 5 < <
2 aa % % % -+ oa
3 20E LHCh et 3 ™E LHch % ®E LHob 3 ©F LHop paa
2 . 2 a0 g 23 — o 1t
= 100 Preiminary 500 = Preliminary S G Peiminay = JE Peliminay
S &Ko < s e e - 00"
g g ol [ [
L £a L g
§o g 5o §
20) 1) 10 5
O w0 w0 sao 520 R ) 00 B 580 500 530 R )
m(D,D° [MeV/c? m(D,D°) [MeV/c] m(D DY [MeV/c] m(D D [MeV/c?
g " Gan g g g . oaa
3 20 LHCh i, 3 LHCb 3 PF LHop 3 ©F LHop o
H , H s ™ 2 > — o
=2 100F Preliminary vom = Prliminary S b Priminay = 2 Peliminay "
S ol B KK < i g 1 B0
3 3 3 » 3 1
30 8 § §
E 10
B 10 s
o ol

S0 5320
mDIDY) Mevic]

500 520
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LHCb-PAPER-2018-001
(in preparation)

CPV in baryon decays

New result!
Preliminary!

The triple products of final state particle
momenta in the A7 (Z}) centre-of-mass frame are defined as Cz = pj, - (B~ % pj,1) for 4]
(29) and Oz = - (Br X By, ) for A (Z}), where hy = K, hy = 7 for the A) — pK 77~
decay, hy = Kipast, ho = K for the A) — pK~K+tK~ decay and hy = Kput, ho = 7 for
the = — pK~ K7 decay, and K, denotes the K with the highest momentum among
those kaons that have the same charge.

Julidn Garcia Pardifias (UZH) CPV in beauty at LHC



[ New result! ] LHCb-PAPER-2018-001

CPV in baryon decays Preliminary! o resmaion

20F LHCb Preliminary  (a) 4 20 LHCb Preliminary () 3
< 10F 1 § 10F E
E 0: 5TT§TI: 5.5 E Gzﬁx ] I @ I.x
] PN T 2 T B
2 -10E7 " D 1 £ -lop E
2 —20Eoal™ /mdf=13.0/14 1 2 —20F g alot y2ndf=7.8/12 3
E 20F ‘ EOE E 20 ‘ ‘ (b)
z 10 1 & 10F 3
< 0 31313078 3 < 0 [ 3.t $.3 3
TTeITtYTE % ° LI B S B A
—10F i { E -10F E
—20F o alg y/ndi=12/14 E —20F o afp y2indf=10.8/12 E
0 5 10 0 1 2 3
Phase space region |D| [rad]

Figure 4: The asymmetries in each region using binning schemes (left) A and (right) B for
the Ag — pK~ntr~ decay. For ab°dd (aL;249), the values of the x?/ndf for the P-symmetry
(CP-symmetry) hypothesis, represented by a dashed line, are quoted.
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[ New result! ] LHCb-PAPER-2018-001

CPV in baryon decays

Preliminary! (in preparation)
B = =

2 0:- LHCb Preliminary (a) E 20:_ LHCb Preliminary (a) ]
< r 1 & r ]
E‘ 0 u $ iy $ i E‘ 0 u 5 1.1 é % % ]
8 r v ¢ 3 Y TR % § ]
E ook 1 E _ob 3
g 20: oabod y2ndf=10.1/7 ] g 20: o abo¥ y2ndf=6.9/10 ]

g ‘ ‘ " (b g ‘ ‘ b)
7z 20 ®) = 20F ®) ]

< 0 { S0 SR SR, SR S < Oks P T 0 SR O S SR |

I I I I = b 4 L L 1 I I I t

| 00w pmat2an 208 rw mar22m0 §

4 6 0 1 2 3
Phase space region |P| [rad]

Figure 5: The asymmetries in each region using binning schemes (left) C and (right) D for
( A — pK~KTK~ decay. For abodd (a£;24d), the values of the y?/ndf for the P-symmetry
(CP-symmetry) hypothesis, represented by a dashed line, are quoted.

e S — -
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CPV in baryon decays

[ New result! ] LHCb-PAPER-2018-001

Preliminary! (in preparation)
Table 3: Definition of the 14 regions that form scheme A for the Agﬁ pK~mTn~ decay. Bins
1 — 4 focus on the region dominated by the A(1232)*+ — pr* resonance. The other 10 bins are
defined to study regions where pK ™~ resonances are present on either side of the fo(980) — m+7—
or K*(892)° — K~7* resonances. Further splitting depending on |®| is performed to reduce
potential dilution of asymmetries, as suggested in Ref. [8]. Masses are in units of GeV/c2.
Region m(pr™) m(pK~) mrTrT) m(K - at) ||
1 (1.00,1.23) 0,7)
2 (1.00,1.23) (Z,7)
3 (1.23,1.35) 0,7)
4 (1.23,1.35) (Z,7)
5  (1.35,5.40) (1.00,2.00) (0.27,0.99) 0,7)
6  (1.35,5.40) (1.00,2.00) (0.27,0.99) (Z,7)
7 (1.35,5.40) (1.00,2.00) (0.99,4.50) 0,7)
8  (1.35,5.40) (1.00,2.00) (0.99,4.50) (Z,7)
9 (1.35,540) (2.00,5.00) (0.27,0.99) (0.63,0.89) (0,%)
10 (1.35,5.40) (2.00,5.00) (0.27,0.99) (0.89,4.50) (0,T)
11 (1.35,5.40) (2.00,5.00) (0.27,0.99) (Z,7)
12 (1.35,5.40) (2.00,5.00) (0.99,4.50) (0.63,0.89) (0,%)
13 (1.35,5.40) (2.00,5.00) (0.99,4.50) (0.89,4.50) (0,T)
14 (1.35,5.40) (2.00,5.00) (0.99,4.50) (2,7
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Table 5: Definition of the seven regions that form scheme C for the A) — pK~K+K~ decay.
The scheme C, is defined to study regions where pK__ resonances are present (1 —3) on either
side of the ® — K+ K~ resonances. Masses are in units of GeV/c2.

Region  m(pKg,,) m(KTKy ), m(KT K ) |®]
1 (0.9,2.0) m(KTK,,,) <102 orm(K*K;_) < 1.02
2 (0.9,2.0) m(K* slow) > 102 and m(K* Ky > 1.02 (0,5
3 (0.9,2.0) m(KTKg,,)>1.02and m(KtK ) >1.02 (3,7)
4 (2.0,4.0) m(KTKy ) <102 orm(K*" K ast) < 1.02°(0,%)
5 (20.40) m(K+HK o) <102 or m(K*Kp) <102 (5.7m)
6 (20,40) m(K K p) > 102 and m(K+Ko) > 102 (0,%)
7 (20,4.0) m(K* K ) > 102 and m(K+Ko) > 102 (Tom)
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