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mixing and Motivation

mixing: The description of Quantum Mechanics

) (510)

© Evolution Equation

() = (510) = (4-

CPT invariance imposes MU — MQQ, FU = F22.
@ The mass eigenstates of H

DO | <.

— . 0 ! 1%
D = |p|2+\q|2(p| ) Q|DO>) q_ \/Ml*z ~ §F12
D2) = Ipli+\q|2(p|D0> —q|D)) p My — 512

with differences in mass and width

.

p - -
AMD = M2 — M1 = —2Re Q(Mlg — Erlz)

2 A Aj\4D AFD
\ G ;1, and 1p= = YD = S
AFD — Fl — FQ = —2[m —(M12 — §P12> D D

\ LD J

where I'p = (I'; + 1) /2
© In the limit of CP conservation =1, |Dy) = |D.), |Ds) = |D-), and
CP|D") = +|D")

D.) = (|D" + [D"))/v2
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mixing and Motivation

Motivation

© The current world averages of charm mixing parameter

zp = (0.467015)%, yp = (0.62 £ 0.08)%

[Y. Amhis et al.(Heavy Flavor Averaging Group(HFAG))(2014),1412.7515]
@ The calculation of box diagram, with internal quark d, s and b [Bigi Uraltsev, 01].

AMlb)b - Q 8 | CZVUJ)’Q 2 2\2 b b 5
AMST ~ @ x |V2V, |2(ms —my)® = yp ~ap ~ fewx 10
D cs '’ us

m
© For inclusive approach, with short-distance contributions calculated based on the
heavy quark expansion, both NLO in « and leading 1/m,. corrections [Bobrowskia,

Lenz,Riedla,Rohrwilda, 10; Bobrowski,Lenz,Rauh,’13] were taken into account
rp ~ O(107%), yp ~ O(107").

@ In an exclusive method, yp was computed by [H.Y.Cheng,C.W Chiang, '10]

yppavp = (0.36 £ 0.26)%, (A, Al)
yppive = (0.24 £0.22)%, (S, S1)
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mixing and Motivation

in exclusive approach

© The parameter y can be computed via [Falk,Grossman, Ligeti,Petrov, 02

Yp = QLF > panicp(n) ((D°|H|n) (n|Hy| D°) + (D°| Hy|a) (n| Hy| D))

= o= > (LD, = )P~ |A(D- = )P

_ %Z nee(n)paRe [A(D’ — n) A" (D" — n)]

- Z nekm(n)nep(n) cos 5n\/B(D0 = n)BD" = n).

where p,, is the phase-space factor and 9, = dpo_,; — dpo_,,,=Arg [A(Do_m)} .

A(DY—n)

| ) +1, or PP, PV maodes,
And with CP|n) = ncp|n), ncp = { (_1>L ior V'V modes.

nekm = (—1)™ with ng being the number of the s or 5 quarks in the final state.
@ The total contributions for yp

Yp =Ypp T YrPv T Yvv + .
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Topology diagram

According to current structure of weak decays, there are four topology at tree level.

Ve

c . v . d, s

D P(V)
(a)%P(V)

d, s
C\//V(P)
D <
/\P(V)

() Eppy &5
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T the color allowed exter-
nal W-emission diagram

(" the color suppressed
internal TV -emission dia-
gram

E: the W-exchange dia-
gram

A: the W-annihilation
diagram

[H.n.Li,C.D.Lu,F.S.Yu,'12;
H.n.Li,C.D.Lu,Q.Qin,F.S.Yu, 14]
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FAT approach

© The topology amplitude [H.n.Li,C.D.LuF.S.Yu,'12; H.n.Li,C.D.Lu,Q.Qin,F.S.Yu, '14]

G
Te(Cr) = 5 Veraa(as) fymy F7 (i )2(ev « po)
G
Ty(Cv) = s Veruai(ay) femyA7" (m})2ev  po)
G i frfv
EM . = Ve CoxZ e fom €V »
PV NG CKMC©2Xq(s) Jpmy fwfp (ev «pD)
Gr io4 felv
A = T Ve Cix e fom €V »
PV NG CEM“1Xg(s) Jp Vfﬂ'fp( Vv «DD)
with Glauber phase Fxp(iS;) for final state 7 and the effective Wilson coefficients:
Ch(p 1 i6C
CL1<,LL) = CQ(/L) —+ ]1\5 )7 G’QP(V)<,LL> = Cl(,u) + Oz(,u) (N— + Xg(v)e qbP(V)).
C C

@ The advantage of FAT approach:
(1) The branching ratios of D — PP and PV are best described.
(2) Successfully predict the difference of C'P violation:

Aallt, = al(KTK ™) — alin(ntn) = (=0.6 ~ —1.9) x 1072,

was confirmed by the LHCb data, Aa%’, = (—0.61 4= 0.76) x 1073[R Aaij et al (LHCb),'16].
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Numerical results and Discussion

The fitting results

@ We focus on the D° decay modes, then those irrelevant about annihilation amplitudes
will not be considered. The updated parameters [ HYJ F.S.Yu,Q.Qin,H.n.Li,C.D.Lu,'18]

Y= —081£001, ¢& = 0224014, xp=0.63£0.03, ¢5 = 1.57+£0.11,
XZ = 0.056 +0.002, ¢¥ =5.03+0.06, Xy = 0.71£0.03, ¢ = 2.77 £ 0.10,
E =0.130 £ 0.008, ¢F =4.37+0.10, xi =049%0.03, ¢ = 1.61 £+ 0.07,

S, = —0.92 4+ 0.07, XY =0.5440.03, ¢ =2.2340.08,
S = —1.838+0.12,

for the D’ — PP decays, and for the D — PV decays.

© The branching ratios are listed in Table 1, and

1.1, for the PP modes with 13 data

X*/dof =
1.8, for the PV modes with 19 data
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The fitting results

Numerical results and Discussion

Branching fractions in units of 1073, [HYJ.F.5.Yu,Q.Qin,H.n.Li,C.D.Lu,'18]

Modes B(exp) B(FAT) Modes B(exp) B(FAT) Modes  B(exp)[PDG] B(FAT)
WK 240408 242408 | K" 37.5+£29 35.9 + 2.2 Kp 12.8+14 13.5+ 1.4
7K 393+04 302404 | atK 543444 62.5 £ 2.7 K-p" 111.0£9.0  105.0+5.2
K. 970+06  9.6+06 | nK*  9.6+3.0 6.1+ 1.0 Ko 222412  223+1.1
7K 190410  195+10 | K" <1.10 0.19 + 0.01 Ko 8.47+H066 8.2+ 0.6
mtre 1.42140.025 1444002 | 7tp-  5.09+0.34 45402 7 pt  100£06  9.2+03
K*K~ 4.01+£0.07 4.05£007 | K*K* 1.62+0.15 1.8+ 0.1 K-K* 450+030 43402
KK’ 0364008 0204007 | KK 0184004 0194003 | K'K*® 021+£004 0.19+0.03
7 0.69£007 0.74£0.03 | 7o 1.44+0.2 7w 0.117£0.035 0.10£0.03
7 091+0.14  1.0840.05 | 1/p’ 0.25 + 0.01 ¢ 1354010  14+0.1
g 17042020  1.86+0.06 | nw  2.21+0.23 2.0+0.1 né  0.14+0.05  0.18=+0.04
g 1.074£026  1.0540.08 | 7w 0.044 £ 0.004
w70 0.8264+0.035 0.784+0.03 | %0  3.82+0.29 41402
VKO 0.06940.002 | 70K 0.103£0.006 | K 0.039 & 0.004
7~ KT 0.1334£0.009 0.13340.001 | 7~ K**  0.345%)15) 0.40 & 0.02 Ktp~ 0.144 4 0.009
nK? 0.02740.002 | nK** 0.017£0.003 | K 0.064 = 0.003
i K° 0.05640.003 | 1/ K* 0.00055 & 0.00004 | K 0.024 £ 0.002
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vanish in the SU(3) symmetry limit

Brtn )+ B(KTK™) —2cos 0 g+, /B(K—nT)B(K+7)

+B(r070) + B(KOK®) — 2cos 6 o0/ BKO70) B(K 7)
+B(n’n) + B(x°n') + B(nn) + B(nn')

—2 cos 5K0n\/B(I_(O77)B(KO77) — 208 G0,y \/B(I?On’)B(KOU’)

L pp=(0102002)%

HYJ,F.S.Yu,Q.Qin,H.n.Li,C.D.Lu, 18]
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Numerical results and Discussion

Br(n°p’) + Br(r°w) + Br(n°¢) + Br(nw) + Br(n'w) + Br(n$) + Br(np’) + Br(1'p°)
—2¢08 Ot A/ Br(K*—m+)Br(K*+m=) — 208 §g+050 \/BT(K*OWO)BT(K*OWO)

—2c08 0+ +/ Br(K—pt)Br(K+p~) — 2cos 00,0 \/Br(KopO)B'r(R'OpO)

2008 dc-0y\/ Br(K*0n) Br(K*0n) — 2 cos -0,/ Br(K*on') Br(K*r)

—2cos 0oy, \/B'r(KOw)Br(R'Ow) — 2cos ko \/B"”(K%)BT(K%)

208 St i/ Br(K T K*) Br(K-K*+) + 2 cos Sogeo\| Br(K°K*0) Br(KOK*0)
+2 €08 8+ -/ Br(mtp~)Br(rpt)

HYJ,F.S.Yu,Q.Qin,H.n.Li,C.D.Lu, 18]
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Numerical results and Discussion

ypy = 0.32 £ 0.07 —> ypy = 0.11 £0.07

Before 2016 After 2016

L% %th {% ‘%th ]_0_3

exp exp
DY - KOK" <1 1.1 0.18x0.04 0.19£0.03
DY - K°K" <056 1.1 0.21 £0.04 0.19£0.03

PDG16 LHCD,’ 16

Studies of the resonance structure in D — KQK 7% decays

LHCb Collaboration (Roel Aaij (CERN) et al.) Show all 726 authors

Phys.Rev. D93 (2016) no.5, 052018

[H.n.Li,C.D.Lu,Q.Qin,F.S.Yu, 14] [ HYJ,F.S.Yu,Q.Qin,H.n.Li,C.D.Lu,'18)]
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Numerical results and Discussion

Br(n°p’) + Br(r°w) + Br(n°¢) + Br(nw) + Br(n'w) + Br(n¢) + Br(np’) + Br(n'p’)
—2¢08 O s pt A/ Br(K*—n+)Br(K*+m=) — 208 d g+00 \/BT(K*OWO)BT(I_(*%O)

—2c08 0 p+/ Br(K—pt)Br(K+p~) — 2cos ko0 \/Br(KopO)Br(I_(OpO)

—2 08 d g0y, \/BT(K*On)Br(I_(*On) — 208 O g0y \/BT(K*On’)Br(I_(*On’)

—2cos (5Kow\/Br(K°w)Br(I_(0w) — 2c0s ko4 Br(K%)Br(K°)

208 S+ i/ Br(K VK™ ) Br(K~K*") +{2 cos 6o geoy/ Br(KOK*0) Br(KOK*0)
+2 €08 6+ - \/ Br(mtp~) Br(m—p*)

coso ~ 1

— ¥

Before2016 : 2.2 x 1072

Before 2016

—

-3
10 ‘%exp lg)jth

After2016 : 0.38 x 1073

D’ - Kk <1 1.1 0.18 £0.04f 0.19£0.03

D’ —» KK <056\ 1.1 0.21 £0.04 \0.19 £0.03
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Numerical results and Discussion

Calculating formula for

© The emission-type amplitudes

x| — ix(mp 4+ mo) AT 2 (m?) + i

2 2 .2
D A7 () |,
(mp+m2)m1m2

in which the Wilson coefficients and the kinetic quantities are given by

arp) ===+ Colw), a5 () = Ci(p) + Colu) | 5 +xve™ )
_ mp —mi—m; o mim(a® — 1)
L = ) pc T 2
2m1me my,
© The annihilation-type amplitudes
Gr g iof. . Jwifv |Pe|
E=—i—VrerC a(s) 172,002
Zﬂ CKM 2(M)Xq(s)€ /o > mp .

[HYJ,F.S.Yu,Q.Qin,H.n.Li,C.D.Lu,"18]
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Numerical results and Discussion

Calculating results and

Branching ratios for the D" — V'V decays in units of 1072,

Modes Bt (exp) Biong(exp) Biong (FAT)
AR 15.943.5 143416
pPK* 65.0 4 25.0 41.842.4
K%  11.0£5.0 37.742.7
ot p~ 4.1+0.3
K K 1.184-0.06
KO 0.043-0.006
plp! 1.83+£0.13 1.254+0.13 1.4+0.2
pVw 1.37+0.08
0o 0.65+0.04
W 0.53+0.08
wd 1.440.1
VK0 0.0414-0.005
p Kt 0.1434-0.008
K0 0.1084-0.008

Hua-Yu Jiang (LZU)

HFCPV-2018 Zhengzhou

@ A longitudinal amplitude

Ap is a linear
combination of the
partial waves S and D,
namely, of the L = 0 and
2 final states, leading to

ncep(n) = +1.

@ We obtain the

longitudinal V'V

contribution

yvy = (—0.042 £ 0.034)%.

[HYJ,F.5.Yu,Q.Qin,H.n.Lj,
C.D.Lu,18]
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Summary
Summary

© Based on FAT approach, we obtain the charm mixing parameter y from the
contributions of PP, PV and V'V modes:

ypp = (0.10 £ 0.02)%,
Yypv = (011 + OO7>%7 = Ypp+py = <021 + OO?)%
yvy = (—0.042 £ 0.034)%,  negligible

which far below the data v.., = (0.61 = 0.08)7. And, it is much more precise than
those in [H.Y.Cheng,C.W.Chiang,'10].

@ In conclusion, we need new consideration and other decay modes, such as VA, AP,
or multi-particle final states should be considered in calculation.

Hua-Yu Jiang (LZU) HFCPV-2018 Zhengzhou October 28, 2018, HFCPV, Zhengzhou 21 / 22



Summary
Summary

© Based on FAT approach, we obtain the charm mixing parameter y from the
contributions of PP, PV and V'V modes:

ypp = (0.10 £ 0.02)%,
Yypv = (011 + OO7>%7 = Ypp+py = <021 + OO?)%
yvy = (—0.042 £ 0.034)%,  negligible

which far below the data v.., = (0.61 4 0.08)7. And, it is much more precise than
those in [H.Y.Cheng,C.W.Chiang,'10].

@ In conclusion, we need new consideration and other decay modes, such as VA, AP,
or multi-particle final states should be considered in calculation.

Thank you for your attention!
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Summary

Cabibbo-Kabayashi-Maskawa Matrix

@ Viogx s represent the element of CKM matrix:

d’ Via Vis Vip| [d 1 — A2/2 A AN(p—in)] [d
S/ — Vcd ‘/CS Vcb S| = —A 1 — )\2/2 A>\2 S
b/ %d Vts %b b A>\3<1 — P — 7;77) —A)\2 1 b

where (d, s,b) and (d', s', 1) are respectively mass eigenstates and weak interaction
eigenstates. The mixing parameter A ~ 0.02.

@ The non-leptonic two body decays of charm meson can be classified

CF VidVis ~ 1 Cabibbo-favored
SCS VeiaVed, Vs Ves ~ 1071 singly Cabibbo suppressed
DCS VegVis ~ 1072 doubly Cabibbo suppressed
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