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CPV on data; Puzzle!

e condition to CPV Aop =

e 2 # amplitudes, SAME final state with # strong (4,) and weak (¢;) phase

(M = ) =T(M — f) = [(fIT|M)] = [{f|T| M)]" = —4A1 A3 sin(d1 — 02) sin(¢1 — ¢2)

e CPV at quark level: BSS model|  Bander Silverman & Soni PRL 43 (1979) 242
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rescattering as a CPV mechanism

® CPT must be preserved
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m(rtm™) [GeV/c?
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arg A [°]

arg A [°]

arg A [°]

150

100

50

=50

—100

-150

150

100

50

=50

—-100

-150

150

100

50 -

=50

-100

—150

(b)
LHCb .
Isobar

LHCb i
‘ K-Matrix

0.5 1.0 1.5 2.0 2.5 3.0
m(rtn7) [GeV/c?]

+

PRDI0I (2020) 012006; PRL 124 (2020) 03180

Contribution Fit fraction (1072) Acp (1072) B7 phase (°) B~ phase (°)

Isobar model
p(770)° 55.5 £0.6 +2.5 +0.7+ 1.1+ 1.6 — —
w(782) 0.50 £0.03+£0.05 —4.8+ 65+ 38 —19+ 6+ 1 +8+ 6+ 1
f2(1270) 9.0 £0.3 £1.5  +46.8+ 6.1+ 4.7 +5+ 34+ 12 +53+ 2+ 12
p(1450)° 52 +£0.3 £1.9 —129+ 33+£359 +127+ 44+ 21  +154+ 4+ 6
p3(1690)° 05 £0.1 £03  —80.1+11.4+£253 —26+ 74 14  —47+18+ 25
S-wave 254 +£05 +£36  +144+ 1.8+ 2.1 — —

Rescattering 1.4 £0.1 +0.5  +44.7+ 864173 —354+ 6+ 10 —4+ 44 25
o 252 +£0.5 +£50 4160+ 1.7+ 2.2 +1154+ 2+ 14 1794+ 1+ 95

K-matrix
p(770)° 56.5 +0.7 +3.4 +4.24+ 1.5+ 6.4 — —
w(782) 0.47+£0.04+0.03 —62+ 84+ 98 —15+ 6+ 4 +8+ 7T+ 4
f2(1270) 93 +£04 £25  +428+ 414+ 91  +194+ 44 18  +80+ 34 17
p(1450)° 105 +£0.7 £4.6 +9.0+ 6.0+47.0 +155+ 5+ 29 166+ 4+ 51
p3(1690)° 1.5 £0.1 +04  —357+10.84+369 +19+ 8+ 34 +5+ 84 46
S-wave 25.7 £0.6 +£3.0  +158+ 2.6+ 7.2 — —

QMI
p(770)° 54.8 +1.0 +£2.2 +4.4+ 1.7+ 28 — —
w(782) 0.57+£0.10£0.17 —-79+165+158 —25+ 64 27 -2+ 7+ 11
f2(1270) 96 +04 +£40 +376+ 44+ 80  +13+ 54 21 +68+ 3+ 66
p(1450)° 74 +£05 £4.0 —1554+ 734352 147+ 7+£152 175+ 54171
p3(1690)° 1.0 £0.1 +£0.5 —9324 6.8+38.9 +8+104+ 24  +36+£26+ 46
S-wave 26.8 +£0.7 +£22  +15.0+ 2.7+ 8.1 — —

® FS| effect present at low energy!
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CPV high energy

e BT - K KTK™

° Acp change sigh ~ D D open channel

T T T T T T

T T T

%) r — T
5 600 LHCb T
"=, 400 5 4 g
m 200 F JARE RS 4
| I 0 F ot s i H ]
aa} C ++'+'—+— % *T ’: ]
200 F + I + 3
F + 4 E

tyy oy
~600¢ H 4 E
-800FE_. 1 . T N B
2 3 4 5

FSI relevance in 3-body
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CPV high energy

e BT 5 K KTK™T T o
_ 3 205
° Acp change sign ~ [ ) open channel 2
) | T 105
SeofE T T T T e 3 : B
2,400 F LHCb+ ] P %—: ER
m 200F :“"ﬁ“+++ - ) S S 173
|Q'Q of+*+++++ -t :: ] 0 5 10 “ Vz1/54
w0p g O
o By g D K*
~600 F H E — — -
_800E . 1 1+1 > _ % -
2 3 4 s D — — K
m(K*K )high [GeV/c?]
. . |. Bediaga, PCM, T Frederico
e charm intermediate processes as source of strong phase PLB 780 (2018) 357
S>K
%S>K+
) K*

e even dynamically suppressed Br[B — DD;]~1% => 1000 x Br|[B - KKK

) I i -+ + 17—+ PCM & M Robilotta PRD 92 094005 (2015)
hadronic IOOP teChanue D — T K T PCM et al PRD 84 094001 (2011)

FSI relevance in 3-body Patricia Magalhaes 8



hadronic loop results for B* - K=K~ K™

® Triangle hadronic loop with charm rescattering can generate

a phase that change signal near DD threshold LN K*
S DO
s Bt . . K*
I DO TNe. K-

i 1 1 1 1 1 1 1 1 1 1 1 1 I 1 I I 1 1 I 1 1 1 1 I 1 1
1 1.5 2 2.5 3 3.5 4 4.5

m(KK) GeV

e how this can be translated to the observable CPV?

we need inference with weak-phase!

FSI relevance in 3-body Patricia Magalhaes 9



charm rescattering in B* — 77 7"
Bediaga, Frederico, PCM - PLB 806 (2020) 135490

® high mass CPV study in B — 757 7+

{64 Run |

2 2 o
® Focus on m._ > 3GeV :._0_6
\> avoid low energy resonances A o
E —0.2
E
. . ide 10.:— ----- _: —-0.2
® include Xc0 (expected in Run Il) ! Tl
5:_ I06
m2_ . (DTF)

FSI relevance in 3-body Patricia Magalhaes 10



charm rescattering in B* — 77 7"

® high mass CPV study in B-

® Focus on m2_ > 3GeV?

\> avoid low energy resonances

® include Xc0 (expected in Run Il)

e Important data features

Bediaga, Frederico, PCM - PLB 806 (2020) 135490

{64 Run |

-0.4
-0.6
, 0.8

o
N

e data shows a huge CP asymmetry around m; , = 11.65GeV?

e wide CP asymmetry: same source for a nonresonant amplitude and Xc0

\S> charm loop and Xc0

FSI relevance in 3-body

Patricia Magalhaes

—0.6

—0.4

—0.2

—-0.2
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Amplitude model

+

e Amplitude Model for B — nE7 ™™ high mass m2, > 3GeV?

ABi—>7r—7r+7ri(312, 823) — Aiee(sl% 823) + ADD(512, 823)

+i . .
o Ajc.=0a0e™  weak phase Y from the dominant b — u tree diagram

u > U —> Nonresonant (only resonances tails)

b 1{\( ) —> Q0 is complex (strong phase)

* App charm rescattering with Xc0: source of strong phase variation

—> similar triangle loop

XcOis a pole bellow threshold

D C)
—'> ~—— -
DO+ — " ~L _

FSI relevance in 3-body Patricia Magalhaes 11



phenomenological DD — =~ amplitude

. . 2101 ':' ; _ 2 ,i(01+92) ‘:
® unitary coupled-channel S-matrix = _7¢"  /LomelliT
i /1_77261(1—1-2) 77612
—> Xc0(3414) :a pole bellow DD threshold in 65
e amplitude features:
® Xc0 peak superposed to a wide bump below threshold;
® zero at DD threshold ® phase jump at DD threshold
- a =1 | 2_
oos- B=02 B
- B =10 +
—*Model | (a =7; B =2) ﬁ
— Model Il (a =4; B =0.5) B o
() - |
50.02— 3 o
2 5
% -0.5:_ k/
S :
_1?
0.01F I
A
: 1 : Mrrrt(Ge\al) ) °
|

MrTz (GeV) > parameters should be fitted

FSI relevance in 3-body Patricia Magalhaes



Amplitudes Interference

::+(0)

® AB:l:—>7T_7T+7T:|: (812, 323) — . D DO(—_) + + a,O 6:|:’L"}/ [ao — 2 eiés ]

® total phase difference between them can result different pattern

700:_' A AU I 600F T T Tt

- —phase 0 7 . —phase 90 1

600 = 500 -

500 E 400 =
400 3 n
n . 300
300F -
200 E 200
100F- 100f-

E | R T T TR N T S T - | R T T TR N T S T
0™3 10 0™3 10

: | | | | | L ]

250 - 500 - — phase 270 7

200 - .

- 400F 3

100F 200F 7

50F 100F E

0 : il [T W T N W T A TN TR W (T RN SN SN TN NN SN T | I O - L PR N T N T T | I
5 10 15 20 25 15 20 25
m2, high (GeV?/c*) m2, high (GeV?/c*)
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charm rescattering in B* — 77 7"

D*+(0) o . _ o
® ABi—>7r_7T+7T:|: (8127 823) — g § _ ' + a’O 6:|:ny /Y B 70 (5 _450)
CECHRRRE N apgp — 2 67’ T

e the goal was to reproduce the main observed CPV characteristics J

Amplitude projection Acp signature
- — T T T T 5 L —— T 1 ;.5 3
400 — B+ T 2 sk —:.0-426
3505 —F - 1 o3
300 4 O 20 3 o2
z ] 3 - o1
2508 1 E15F N
200 E - .
150F ERERE- e . 4 101
C . @\ - - _
100E- i & F 302
50 E SE <03
ot ey oE— 104
5 10 15 20 25 R 0.5
m2,_high (GeV%c*) > 10 ,, 15
L m2(wtm )lovv [GeV~/c*

® we still have free parameters to vary
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charm rescattering in
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Candidates / 0.25 GeV?/¢*

—> implementing this in Run Il amplitude analysis!
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charm rescattering in
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B* — h=(V — h~h*) CPViolation directly from data

. Bediaga, Frederico, PCM
® Proposed a method to extract the type of CPV in PRD 94 (2016) 054028

particular regions of the phase-space directly from data
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B* — h=(V — h~h*) CPViolation directly from data

. Bediaga, Frederico, PCM
® Proposed a method to extract the type of CPV in PRD 94 (2016) 054028

particular regions of the phase-space directly from data

e Amplitudes contain only one vector resonance and NR background

V iV -BW NR_isNR -NR
My =a e+ Fy" cosf(sy,s)) +a e+ F S = (D + D)
sV sNR
M_ =a’ e FPVW cosO(sy, s)) + a e~ FNR S, = (py, + Ppe)’

0 = helicity angle

e Asymmetry X to square modulus of amplitude difference:

|'/\/t+|2 + |M—|2 :Q(GK)Q + (a‘—/)Q] F\I?W 2('.0829 (SJ_, 8|®+G(Q’T-R)2 + (GSR)2] FNR‘Q)
(2 cos 6 (sl, s”) FBW : )FNR’Q >< )
{(m3 — sy) [al ™ cos (6 — 83%) F a¥aX® cos (8% — o31))

—my Ty [CLKCLER sin (5:5 — (5_IER) F alaltsin (()Y B (ﬁm)]}

- !

_

(clirect vector AC}D (direct NR ACP) (NR and vector interference)

FSI relevance in 3-body 16



B* — h=(V — h~h*) CPViolation directly from data

Bediaga, Frederico, PCM
e Wwe select a small region around the resonance PRD 94 (2016) 054028

in si and look for the distribution A|AM? on s1

® s|~mi — cosO (sL)

® can parametrize A‘./\/l|2 — a(x — 00)2 -+ b(a’; — CO) + C

forcost = x — ¢y

a = (direct vector ACQ b = (interference) c =

constant
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* — h™(V — h~h*) CPViolation directly from data

Bediaga, Frederico, PCM
e Wwe select a small region around the resonance PRD 94 (2016) 054028

in si and look for the distribution A|AM? on s1

® s|~mi — cosO (sL)

® can parametrize A‘./\/l|2 — a(x — 00)2 -+ b(a’; — CO) + C

forcost = x — ¢y

s — (direct vector AC}J b= (interference) c =
_|_ —_
at —a
A —
Pt Yo constant

Decay channel Vector Resonance Alp £0gtat £ Ogyst
® Applied to LHCDb B — wErtr—  p(770)° = wta—  -0.004 + 0.017 + 0.007  (0.20)
runll data ! BE s Kbrto- ( ) ot +0.150 4+ 0.019 £ 0.008  (7.20)
B* - KK~ ( )0 — K*n7T  40.007 £+ 0.054 + 0.028 (0.10)
® (2+1) and huge f,(930) B 5 K*K+K~  $(1020) — K+*K— +0.004 + 0.010 & 0.006  (0.20)

FSI relevance in 3-body Patricia Magalhaes 17



Global CPViolation

Bediaga, Frederico, PCM, Torres Machado

e understand global asymmetries in LHCb data PLB 824 (2022) 136824
Decay channel ATcp(10%s™1)
BT - K*ntn~ +0.84 4+ 0.25
BT - K*TKtK~-  —0.68+0.17
B — ntgto— +0.53 £ 0.13
BT 5 ntKTK~ —0.39 4+ 0.07

: AT tKtK~ AT tota-
U-spin: cp(T ) 0464016 and -2LCPTTTITT) r 4007

APCP(K:E’]T""T(_) AFCP(K:I:K+K_)

quark (s, d) form a dublet

Alcp(K*ntn™) = —AT + ot
U-spin symmetry: Bhattacharya, Gronau, Rosner, PLB 726 (2013) 337 op(Km i) cp(m )

ATlcp(rEntn™) = —ATep(K*KTK™)

. £ - + 1o+ fo—
U-spin & FSI ? Alcp(KZ7m ):1.59i0.62 and SLop(BZKTKT)

= 1.77 £ 0.55
AFCP(W:I:W+7T_) AFCP(W:EK"FK_)

only U-spit
40 'ﬂ’ Y, W OTK

FSI relevance in 3-body Patricia Magalhaes 18




Global CPViolation

ATcp(hEhihy) =T(B~ — hyhihs) — D(BT = hihy hi) Bediaga, Frederico, PCM, Torres Machado

 An(BE — KERAVB(B® — WS /r(B) PLB 824 (2022) 136824

A(B" = [1) = {four Hw| B*) = Vi Vi ([

U1 B") + Voo Vi ( fout|CY BY)

out out

A(B_u — fq) — < out’HW‘B > V bVUQ< out’Uq‘Bu> T VbVCQ< out’Cq‘Bu>

Ups = (foulU|B") Cra = (fou:l C|BY)

o ATop(q) = 4Im[V Vi Vip Vo Zlm[sﬂsm “ Cor

® S-matrix unitarity and CPT invariance applied to 2-coupled-channel 77 <& KK
(s ) Alcp =0 => Al(grr) = —AT(gxx)

T+ K- + -
Alop(mT"KTK™) 4731025 ATcp(KTKTK™)  gg1+032 Q
Alcp(ntntn—) Alcp(K*ntn—)

FSI relevance in 3-body Patricia Magalhaes 19




Global CPViolation

e From LHCDb run Il (preliminar results) )
(stat) (syst) (J/ipK=)

Acp(BT = KE¥7777) = +0.011 4 0.002 = 0.003 + 0.003 (2.4¢)
Acp(B — K KTK™) — —0.037 + 0.002 = 0.002 + 0.003 (8.5¢)

Acp(B* = afa™77) — 40.080 + 0.004 = 0.003 + 0.003 (14.10)
Acp(BY 3 7=KTK™) = —0.114 4+ 0.007 = 0.003 £ 0.003 (13.60)

® AI'B*—rK'K") Acp(B® = n*KTK)A(BT - ntK*K")

= . ‘ — =—-092+0.18
Al'(B* - K¥ntn™) Acp(B= = K=xtn~)B(BT — K- ntn™)
NG U-spin! Q
+ ot A Bi Lt 98 Bt Lt o P y
AI'B® »rg7a"n”)  AcpB™ = ann )BB" »r7n'n) — — 1.06 + 0.08

AT(B* — K*K*K-)  App(B* » K*K+K-)RB(B+ — K+K+K-)

Acp(B* - K"K )B(B* - n*K"K™)
o CP .
= 0.47 £ 0.04 - !
Acp(B* - K*K+K-)B(B* - K*K+K-) ’ U-spin and FSI!
Acp(BT - K*ntn)B(B* - K*ntn~ Q
cp(B” = Komm )B(B™ = K771 ) _ 484 0.09.
Acp(B* — n¥nta—)B(B* — ntata—)
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.102.112010

G the sign is correct, maybe symmetry issues
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Final remarks

® FS| play an important role in B hadronic decays

® can be a mechanism to generate CPV at low and high mass regions

\> 7w — KK rescattering dominates the global Ap in B — hhh
G included in Amplitude analysis!

\> Charm rescattering triangles is an important mechanism
G interference produce similar CPV data signature

& under investigation in run Il Amplitude analysis

\> developed a technique to identify the type of CPV directly from data

(> method is good but (2+1) - CPVin B —» K(p" — 7n)
& strong f,(980) near by

e implementing phenomenological models in LHCb Run Il amplitude analysis

FSI relevance in 3-body Patricia Magalhaes 21



Final remarks

® Where phenomenology have to improve!

e models need to connect the weak and strong description

> QCDF and FSI

e models have to merge low and high FSI

FSI relevance in 3-body Patricia Magalhaes



Final remarks

® Where phenomenology have to improve!

e models need to connect the weak and strong description

> QCDF and FSI

e models have to merge low and high FSI

obrigada!!
#staysafe

Banksy
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Backup slides
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hadronic loop

ettt ittt ) & W—|— _ D:—* RN DOK—|—

.............. )DOEO —>K+K_

- m-
-
-
-
-
-
-
-
4‘
- - -y

SRR > form factor for BT — W' D0 (single pole B*)

® A—iC m / d4£ TD0D0—>KK(323) [—219/3 (plz —pl)] | —> Apts = s—m%*+
Ap+=Apo Apo Ay

A Apo+2Ap50 — 2593 + 3 M2 + M2 — 12
® A=1iCmy Thopo_, gk (s23) / (2m)4 Apo Apo Aps [I7 — mp-]

—> solved by Feynman technique
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® strong phases 0

b 9%

- we can use CERN-Munich data from 80’s

® T —> AN

400.
300.
200.

100.

amplitude 7.(s) = [me

Oxgx and O,

/A

¢ Hyamsetal. 75 (-+-)
& Hyamsetal. 75 (---)
® Kaminski et al.
m Grayer et al. b)
0 Na48/2 et al.
O K->2rretal.

-\

> elasticity drops dramatically near KK < strongly couple

FSI relevance in 3-body

_ gk are the same independent of the initial process

Longacre et al., Phys. Lett. B 177,223 (1986)
Hyams et al., Nucl. Phys. B 100, 205 (1975)

Ochs, J. Phys. G 40, 043001 (2013)

. T 1

L ® -

— o Hyamsetal 75 (-+-) o

— & Hyamsetal. 75 (---) AL AR ¢ —

0.8 @ Kaminski et al. ol Wi ; i»

. = Grayeretal.b) 0 N dyl

— A Martin et al. 770 (S). !,‘ ] \ H
06 —— v Polychronatos et al. hdf

[~ o Protopopescu et al. ' N

| O Cohenetal. | I [ I

0.4— A Etkin et al. |" |

— v Wetzel et al. _

L / |

0.2— A |

0. L | R + , | | A

i
S
O
Qo

Patricia Magalhaes

1.2

Vs [GeV]
Pelaez, Rodas, Elvira Eur.Phys.].C 79 (2019) 12, 1008

25



> Sirrk(s) = 14/1 — 772ve"(5”+5KK) =14 %;IK lg0(s)] et (s) O(s — 4m3,)
Pelaez and Rodas, Eur. Phys. ). C 78,897 (2018)

400 1
L H
300 | ®o %g% : %
: . 5 @
! Ooﬁbg 53
200 —ﬁg;ﬁ@&gé
L 3
100 - 0 Cohen et al., Phys. Rev. D 22,2595 (1980)
_ Go = Onn + OKK Etkin et al., Phys. Rev. D 25, 1786 (1982)
3 12 14 16 18 2
Vs [GeV]
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Models available

® movement to use better 2-body (unitarity) inputs in data analysis

e “K-matrix" : TITT S-wave 5 coupled-channel modulated by a production amplitude
\> used by Babar, LHCb, BES Il Anisovich PLB 653(2007)

— + PRDIOI (2020) 012006;

+ +
® rescattering mm — K K contribution in LHCb {Bi — T T T . PRL 124 (2020) 031801
— T PRL 123 (2019) 231802
Pelaez,Yndurain PRD71(2005) 074016 B> — K K'n (2019)

\S new parametrization pelacz, Rodas, Elvira EurPhys,.C 79 (2019) 12, 1008
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Models available

® movement to use better 2-body (unitarity) inputs in data analysis

e “K-matrix" : TITT S-wave 5 coupled-channel modulated by a production amplitude
\> used by Babar, LHCb, BES Il Anisovich PLB 653(2007)

— + PRDIOI (2020) 012006;

+ +
® rescattering mm — K K contribution in LHCb {Bi — T T T . PRL 124 (2020) 031801
— T PRL 123 (2019) 231802
Pelaez,Yndurain PRD71(2005) 074016 B> — K K'n (2019)

\S new parametrization pelacz, Rodas, Elvira EurPhys,.C 79 (2019) 12, 1008

—> still not enough to fully described data
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Models available

® movement to use better 2-body (unitarity) inputs in data analysis

e “K-matrix" : TITT S-wave 5 coupled-channel modulated by a production amplitude
\> used by Babar, LHCb, BES Il Anisovich PLB 653(2007)

— + PRDIOI (2020) 012006;

+ +
® rescattering mm — K K contribution in LHCb {Bi — T T T . PRL 124 (2020) 031801
— T PRL 123 (2019) 231802
Pelaez,Yndurain PRD71(2005) 074016 B> — K K'n (2019)

\S new parametrization pelacz, Rodas, Elvira EurPhys,.C 79 (2019) 12, 1008
—> still not enough to fully described data

® from theory: list of scalar and vector form factors

< 7T7T‘O > Moussallam EP) C 14, 111 (2000); Daub, Hanhart,and B. Kubis JHEP 02 (2016) 009. Hanhart, PL B715, 170 (2012).
Dumm and Roig EP] C 73,2528 (201 3).

< Kﬂ"o > Moussallam EPJ C 53,401 (2008) Jamin, Oller and Pich, PRD 74, 074009 (2006) Boito, Escribano,and Jamin EPJ C 59, 821 (2009).

< KK|0 > Fit from 3-body data PCM, Robilotta + LHCb JHEP 1904 (2019) 063
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scale issue

energy

non-perturbative D

ChPT extensions
unitarization
data decay
® we need non-perturbative meson-meson interactions up to.... 3 GeV
® extend 2-body amplitude theory validity Ropertz, Kubis, Hanhart PCM,A.dos Reis, Robilotta

EP) Web Conf.202 (2019) 06002 PRD 102,076012 (2020)
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Tool kit for meson-meson interactions in 3-body decay

MAGALHAES, A.dos Reis, Robilotta
® Any 3-body decay amplitude PRD 102,076012 (2020)
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Tool kit for meson-meson interactions in 3-body decay

MAGALHAES, A.dos Reis, Robilotta
® Any 3-body decay amplitude PRD 102,076012 (2020)

Form factor —@® - — + — @
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\> provide the building block @
e includes multiple resonances in the same channel (as many as wanted)
® free parameter (massas and couplings) to be fitted to data.

—> Auvailable to be implement in data analysis!!
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phenomenological DD — =~ amplitude

. . 2101 ':' ; _ 2 ,i(01+92) ‘:
® unitary coupled-channel S-matrix = _7¢"  /LomelliT
i /1_77261(1—1-2) 77612
—> Xc0(3414) :a pole bellow DD threshold in 65
e amplitude features:
® Xc0 peak superposed to a wide bump below threshold;
® zero at DD threshold ® phase jump at DD threshold
- a =1 | 2_
oos- B=02 B
- B =10 +
—*Model | (a =7; B =2) ﬁ
— Model Il (a =4; B =0.5) B o
() - |
50.02— 3 o
2 5
% -0.5:_ k/
S :
_1?
0.01F I
A
: 1 : Mrrrt(Ge\al) ) °
|

MrTz (GeV) —> parameters should should be fitted
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D°D0 —» K+ K~ scattering amplitude

o7 (s s 2k, ( Sih DD )“O‘Kchbk%—ikl) (gmg)] s
=y S) = - : _
DODOS KK s b VSthpD \S+SQcD c+b0k? +iky ) \ L —ky th DD

__j 2k swpp \*(_mo \"[(ctbki —ik %—ik2>]23>s -
B VSthpD \ S T SQCD s — My C—I—bk%+z’k1 %_,_Z-]@ »2 = 9th DD

0.3

0.2}

o
—_—

amplitude
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D°D0 —» K+ K~ scattering amplitude

1

® - (s) = s* 2K9 S¢h DD e /e+ bk? — ik, % + K2\ | oo
DPDP = KK s 5 \/SthpD \S+SqQcD c+bk?+iki ) \L—ky/)] th b RN parameters
2k sompp \o [ mo \° c+bk§—z’k1) (5—@/{2)]5 o fix by data!
- VSth DD \ 8 T 5QCD s — my ¢+ bk% + ik L+ ik T TIbD

0.3_—

0.2}

o
—_—

amplitude
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D°D0 —» K+ K~ scattering amplitude

1

® (s) = s 2Ko S¢h DD Stor/eq bk? — ik, % +ra\|? ‘< s )
DODO KK S;thD \/% s + SQCD c+ bk% + Zk’l % — Ko ! th DD Parameters
2k sipp \S [ mo \?[[c+bk?—ik 5-@/{2)]5 o fix by data!
- VSthob \ S+ socD s — my ¢+ bk? + iky L+ ik T bb

-> zero at threshold

amplitude
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D°D0 —» K+ K~ scattering amplitude

T ( ) s 2/432 Sth DD Sta c + bk’% — ’Lkl a —+ K9 s < s
® Tropokk e 555 \s+s00n R k) \1_r th DD S parameters

th DD

. 2k ( Sth DD )5( mo >ﬁ[(c+bk§—ik1) (%_i;@)r o fix by data!
= —1 : ’ > .

VSthDD \ ST SQCcD s — my ¢+ bk? + ik %_H-]@ th DD

0.3_—

0.2F

-> zero at threshold

o
—_—

amplitude
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D°D0 —» K+ K~ scattering amplitude

1

® ro0p0 (s) = i 2K2 Sth DD st c + bk? — ik, %+,{2 p o
R ShpD VDD \ 8+ SQ0D cHORT+ik ) \L—wy )] 07 TIPSy parameters
_ o 2ke (swpp \T(_mo \T [tk =ik (g—ik\]T fix by data!

- VSthpD \ S T SQCD s — mg ¢+ bk? + ik %_H-]@ 8 Z Sth DD

0.3

0.2F

——> zero at threshold

0.1

q‘) L
-O L
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:|:l L
3 o
& i
©

1
o
—i

0.2}

discontinuity at threshold «-

] o e e sy L
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m(KK) GeV
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Final Amplitude

® A—=:.C m2/ d*( T50D0—>KK(323) [—217% (p’2 —p1)]
a (27T)4 AD"‘* ADO AD_O Aa, )

0.15
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o
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amplitude

-0.05}k
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Final Amplitude

® A—=:.C m2/ d*( T50D0—>KK(323) [—217% (p’2 —p1)]
a (27T)4 AD"‘* ADO AD_O Aa, )

0.15

0.1

O
o
&

0
©° .
3 | —> zero in between
IS two bumps
E o0
m R

-0.05}

-0.1
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Final Amplitude

® A—iC m?/ d* Tpopo_y ki (523) [—205 - (ph — p1)]
“J

o)A Api-Apo Ao A, ’
0.15_—
0.1F
D 0.0
2 | —> zero in between
IS two bumps
E o0
m B
-0.05-
I \ /
0.1+ N/ \
N N T B B I I S\ N e _‘
1 1.5 2 2.5 3 3. 37 4.5
MKK) GeV rescattering DD — KTK~
play a major role
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