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Recap analysis of CPV and phase in charm decay at BESII|

Conclusion and looking forward

Model-independent strong-phase parameters measured by BESIII essential for } )

the improved determination of mixing and indirect CP violation parameters EEfEI‘EI:ICG: CKM 2051. L
Unique samples of threshold D, D, and A decays can be searched for direct CP ttps.//mdlco.cern.c fevent/g91123/contributio
surprises, particularly in multibody modes with neutrals ns/4601759/attachments/2350184/4008550/C

Future Physics Programme at BESIII - Chin. Phys. C 44, 040001 (2020) KM%202021%20-
0 0 0 0 IXi
- 20 fbtat y(3770) = run underway prior to BEPC upgrade in 2023 %20charm%20CPV%20and /oZOmlxmg.pdf

Improving ¢, and s, for charm mixing and indirect CP violation one of the primary
motivators

» BESIIl provides unique quantum correlated D°D° data to measure the strong-phase
parameters in D decays as inputs to LHCb and Belle Il for CKM angle y measurement in the b

sector Reference: CKM 2021:

» Using 2.93 fb~! e*e™ collision data taken @ 3.773 GeV with BESII| detector, strong phase https://indico.cern.ch/event/891123/contributio
paran'lujetirs_of f?)ur+D“_deciws+ar§ reEGrIed+ i ns/4601746/attachments/2352942/4014577/C
* Kgmrn KKK KTt KT o a8, 030001 2020 KM2021 strongphaseBESIII shanxy.pdf

> 20 fb~! (3770) data will be collected in the near future @ BESIII
* Moredecays (e.g. Kdntn n,n*n ntn™ ,K*K ntmn™ ..)
* Higher precision (e.g. uncertainty ony ~1° —» ~0.4° for Kh*h™)
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BESIII experiment

CMS energy: 2.0- 4.6 GeV (4.95 GeV now)
Muti-bunch: 93

Cross angle: 22 mrad

Peak luminosity: 1.0 X 1033cm S—lol/)(3770)
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Measurement of CPV in charm decay at BESI ||

Experiment Machine Operation C.M. Luminosity Nprod Efficiency Characters
2010-2011 (2021-) 3.77 GeV 2.9 (8 —20) fb! DO%*: 107(— 10%) © extremely clean environment
BGS]]I BEPC-II 2016-2019 4.18-4.23 GeV 7.3 fb ! DF: 5 x 10° ~10-30%  ® quantum coherence
(eTe) 2014+2020 4.6-4.7 GeV 45 fb! Al 1 0.8x10° © pure D-beam, almost no background
+ e > % % @ no CM boost, no time-dept analyses
‘g ») SuperKEKB . -1 D% 6 x 10% (— 10'1) @ clear event environment
</ (eTe) 2019 10.58 GeV 0.4 (= 50) ab D(*;): 108 (— 10%0) @ high trigger efficiency
— Af: 107 (— 10°) 0(1-10%)  © good-efficiency detection of neutrals
'y > ) KEKB . 1 D: 107 @ time-dependent analysis
</ (eTe™) 1999-2010 10.58 GeV 1 ab Af: 108 ©® smaller cross-section than LHCb
BELLE e ok
LHC 2011,2012 748 TeV 142 fb ! 5 x 1012 ® very large production cross-section
(pp) 2015-2018 13 TeV 6 fb! 1013 0(0.1%) ® large boost
(2022-2025,2029-) (— 23 — 50) © excellent time resolution
8. 8.8 * @ dedicated trigger required

« From Long-Ke’s reports: Overview of Charm Physics

> From LHCDb, the direct CP violation observed at 103 level using D® - K*K~ and D° - tm~.
- PHYSICAL REVIEW LETTERS 122, 211803 (2019)

> The CP Asymmetry in BESIII is about 1072,
- PRL 125 (2020) 14180
- PRL 124 (2020) 241803

> No competitive to search for CP violation at BESIII since the achievable D° and D® samples are
smaller by more than 2-4 orders of magnitude than those at LHCb and Bellell.
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CPV and strong phase measurement

What can BESIII do?

> BESIII can uniquely explore the quantum coherence of the initial DYD? state produced at 1(3770) to
provide constraints on the mixing and CPV parameters.
» For decay to CP modes,

DY >=p|D°? > +¢|D° >
|ID° >=p|D° > —¢|D® >

a2 2 2 2 *(D° — fi)
FEE)FDO - [(:E + Y )(COSh Am — COS ¢)] X [(1 - y2)(1 +—;2)]
? = arg(p/q)  Bm=Ip/d @? = log Ry,

Decays of each D in the D°D° state into the same CP final states immediately indicate CPV in charm

» For Cabibbo-Favored and Double-Cabibbo-Suppressed final states, the decay width and asymmetry

are shown,
(D% ,.)

2(1 — ) (1 + 22)

DY DY
PoEset o = [0 4 ) (R, — 2r%cos2(5 + 6) + R2)] x |

DO DO
t t
The parameters of CPV are indicated immediately.
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CPV and strong phase measurement

» For Cabibbo-Favored and Double-Cabibbo-Suppressed final states, the decay width and asymmetry
are shown,

Ao — R(DghyS — K~nt) — R(DghyS — Ktn™)
ST R(DY, > Komt) + R(DY, — Ktao)
e P I 5
~ (;) k(s Dl 1 |2 )cos(2¢) (ycosd i + xsindg, ) + sin(2¢) (ysind g — rcosd g )]

t

The strong phase differences are needed to extract parameters of CPV in some final states.

Excellent kinematical constrains might make BESIII competitive in studies of CP-

asymmetries in some multi-body D decays which may provide information about strong
phase difference in local phase space.

* Chinese Physics C \ol. 44, No. 4 (2020) 040001
« JHEP, 03: 021 (2012)
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CPV and strong phase measurement

> For binning CP Mixing of D?,

» In LHCb, for example, B » D°(— K{n*n™)u=v,X DY >=p|D® > +¢|D° > [DL >=p|D? > —q|D° >

IE:(ml_WZ)CZ/F CL‘CP:%|:.CECOS¢(‘§‘+|§D+ZISiH¢(‘% —‘g ):| 2m:m++m—7 2F:F++P—7 Am:m—l—_m—a Al_WZF—I-_F—
y = (' —Ty)/(2T) 1 ql |p . q| |p % 3 s %
yep = 3 ycoso | |=|+|=| ) —xsing | || — |~ N ) 5
b q b q 8 2.5H b 7 E
o : 6 £
- - - g r + L
» CP-violation differences Ap— % [mw ( g‘ - z_JD +ysing (H | ‘ED] | o
P P q 1_5:— 4 é
Ay=l Y Ccos @ 12 — xsing 412 1E ’
2 p p q - 2
0.5:—I . . : . e |
> The ratio of yields between the Dalitz bin —b and Dalitz bin +b in the decay-time bin | R e Gve
1 1 F asd®
L et (t*); Re (2p — AZ%) + 1 (%)) |zcp £ Az|* + /1y (t); Re [X; (2cp £ A2)] . f m
R~ — : — : G X = Cp — 1Sp il
1+ — (t ):; Re (ZCP—AZ ) +Tb1<t >j |ZCP:|:AZ| +\/?Tb<t)j Re [Xb(Zcp:l:AZ)] BES'“ ‘i—fa—.f f
coptAz=—(¢/p) (y+iz)  zop = —Im(zcp), Az = —Im(Az) ¢i = \/FIT aga-cos(ASp)ADs
(LHCb) arXiv:2208.06512 yor = —Re(zcp), Ay = —Re(Az) 1= [agasintasprae,
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The QC data samples and DT

> Quantum correlated D°D° decay at ¥ (3770)

ete” = (3770) = D'D° = fg

1

[(3770) >— 7

(|D" > |D° > —|D" > |D" >)

2 _ 2
o (14 L5 [(r)? + (rg)? = 204y Ry Rycos(B5 — 6]

f: signal mode

I'4
o« Number of events

IZ +y2
2 Advantages
Where » Absolute branching fractions
i > Quantum correlated D°D°
{Tf)2:/|Af‘2d‘I’//|Af|2d¢’ > Clean background
B > Full kinematic constraint reconstruct missing particle (v, K?)
Rye-ior = d ApAsd® Disadvantages
/ \/f |Af|2d® [ |Af[2d® » Reduced reconstruction efficiency a little.

» Time-integrated measurements only

-+ [1 - (Tf?‘g)Q — 2TngRngCOS(5f - 59)]

Coherence factor Strong phase difference
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Strong phase measurements

» There are four results about strong phase at BESIII since CKM2021.

Process Events (Million) Cross Section (nb)

e*e” — W(3770) —» D* D~ 87 2.88
ete” = Y(3770) — D'D° 111 3.66
e*e” — Y(3770) — non DD 15 0.5 * Inclusive MC
ete” = gq 366 16.9
ete” = hr” 90 3.0
ete” =yl 33 1.1
SRl e*e™ — y(3686) 102 3.4

Table 1: The summaries of tag channels

type tag channel
CP even KtK—,nvn—, n'm", Kgn'w’ Kgmﬂ+,,r_ o, Kim"
CP odd K20, K21\, K20t = o, Kg?} 0 Kq??T+,T ngw+w—ﬂn K%, KYx°
CP Mixing K""K ), ata~al, atr ata, Kontn ﬂ'" Kentn—, Kintmn™

« Dataset: Quantum-correlated D°D° pairs corresponding to an integrated luminosity of
2.93 fb~1 collected at the ¥ (3770) resonance by the BESIII experiment

CKM 2023-WG7 10



Strong phase measurements

Eur. Phys. J. C (2022) 82:1009

Improved measurement of the strong-phase difference §5™ in quantum-correlated D°D° decays.

CP even

CP odd

K*K~
VA
b nd
Kiz'm®
0 .0
K%n'
K, o

o’

Kin® s

Ksn(yy)
Kin'(nxx’) —e—
Ksn'(yzx)
Kin'(zxn)

Klo
Ko
K n'n’

—e—

—

ool 1ts
%*%

———

o
——

@

L1
0 0.01

Ay = 0.132 + 0.011 + 0.007, ATE™ = 0.130 + 0.012 + 0.008
X" cosdX™ = —0.0634 + 0.0048 + 0.

0030 + 0.0004 rX"sindX™ = —0.011 + 0.012 + 0.007 £ 0.003

SK™ = (187.6%

11 [
0.02

L1 L 111
0.03

B(D—K™r)

3

8.9+5.4v0
9.7—6.4)

B(D- — K~ n") —B(Dy - K~ nt
> Pure CP tag channels: (D- - K~ n") —B(Dy - K~zn™)

“B(D_ > K ahH+B0D, > K-t

Which to O(x, y, (r£™)?) has the following relationship to the
physics parameters:

-AKJT

—2;r‘§3r cos 85” +y
1+ (rkm)2

AKJT -

» Similarly, CP Mixing tag channels:

prrr® _ B(Dx - K nt)—B(Dy - K n™")
Kz = B(Dxy > K—n+t)+B(Dy - K—7+)’

> Ko ntn~:

arnl

‘ AK?‘!’

(—2;‘*1{;."jr cosél‘g’r + y) Ff””o

T KT 4 (1= FI) (2rK7 cos5KT 4 y)°

Y(K‘?T+|Kg.7r+7r_)1— = H(K; + (T%“)QK_E- — 2r§“x/KiK_i[cicosc5‘g“ — sisindg'”])
V(K- 7H K r); = H (K. + (r5™)? K’ , — 2rE™ /K!K' [cicosd 5™ — sisind5™])

2

X" cosdX™ = —0.0562 + 0.0081 + 0.0050 &+ 0.0010

More details: Inputs from BESIII for y,XiaoKang Zhou,WG5,CKM2023.
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Strong phase measurements

Measurement of the CP-even fraction of D® - wtmr—mTmw™  Phys. Rev. D 106, 092004 (2022)

> Pure CP tag channels: > K mtm™:
N(@n*,g) = 2Npopo(1 + yH)BET)B(g)[1 — nl,2FF - 1)), N(r*, |il) = h[K; + K_i — 2 \KiK_ic; 2F* — 1))
N(g) = 2Npope(1 + y*)B(g)[L = 1 pyl. N'(4r*,lil) = W'[K] + K, + 2 \[KIK' ¢/ F" = 1)]
N* = N(4r*, )1 - %-py1/N(g) = BAT*)[1 - nl,2F - D). e Lo __ JlApPde
N+ T+ [JAPAO + [|A_PdO
T Nt+N- l Ignore CPV
» Self-conjugate tag channels: 2
) ) 2F+ -1= > 5 f|af||a_f|cos(A6f)d(Df
N7 = N@r®, mt 201 — QFF ™™ — 1)y) /N7 %) Jlagl? + la_sPdo;
= BAT)[1 — QFT™ ™ — )QF™ —1)). ‘
NTTE [ QFTT R _ )QF — 1) F, contains the information of strong
N* 2F ¥ phase difference in total phase space.
N+F£+”_”n
F,= P
Nt _ N+ 4 2N+Ff o o

CKM 2023-WG7 12



Strong phase measurements

Measurement of the CP-even fraction of D® - wtmr—mTmw™  Phys. Rev. D 106, 092004 (2022)

[ KK e 2000 10F Km0
4000
I 1000
2000
5_
2000 500k 1000 m }
o8 600: 200 o o -
> i 200 > K
= 400_ 150 = 10F I
8 I 100 100 g
S 200 S 4 off
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- [ = 1+
L:J:) 800_—K0n, I I 2000 E ' } 1
i K®
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200F 5001 : 5F 10k
1.82 756 1.88 1.82 T 18 1.84 56 58 H
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. mg- (GeV/c?)
» Ngr = 369782 with 9 ST channels. o
r:’f‘ 00
_ 2 4 . N 2 = 20F K m
Mpec = \/(Ebeam)/c |pD| 315
. Z 10
Eyeam 1S the beam energy. g,
- - - = e
* pp is the momentum of the D candidates. ! b

M7, (GeV/e?y
MZ... = (Vs/2 — Ex)? — |Ppro / s/4—M2Z —px|? ° Ey and py are the energy and momentum of the reconstructed particles in signal side.
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Strong phase measurements

Measurement of the CP-even fraction of D® - wtmr—mTmw™  Phys. Rev. D 106, 092004 (2022)

;— KLﬂnﬂnﬂ e @) NJIJ'[}I[} _ (1-64 :I: 0-21 :I: 0-06) X 10—3’
r K. — e
- > oo sso _:j‘*t I —Fit
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- ——q 0 4+ — . : _ .
S . ) . @ Kilmtm~ |- FF=1 L b Ko+ R
KM, - - 200 : s ~+ Data 500__F ®) Kym'm —+ Data
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E_ Sﬂ 3 § | I I__ § 00— |
p T , | | | = m_ i 41 B 200]
0002 0004 0006 0008 | B e ] I
Nt | T e _'_| 100
F——— ! ! L
e R | & 7 8 0
= 0o Bin number Bin number
g K, 'n I (b)
e Measurement
SEPTTREN . - BESIII 0.735+0.015 + 0.005
- - CLEO-c 0.769 + 0.021 + 0.010

E 1 . | . | . I . I .
0.0005 0.001 0.0015 0.002 0.0025
N-
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Determination of the CP-even fraction of D® — Kot n~n°

Strong phase measurements

4 | | L R R
3 —— Ke'(w*my)

2 — Ken'(nen)

1 — K

0 —— Kan®

1L | co e by vy by by a by |

0 0.001 0.002 0.003 0.004 0.005 0.006 0.007 0.008

R+
—_— KEU)
—_—— KETCO
— K&nn®
—_—— T
—e— KK
| il il | M| il |

0.007 0.008 0.009 0.01 0.011
A

0.012 0.013 0.014

Phys. Rev. D 108, 032003 (2023)

FF'm™m’ = 0.227 + 0.014 + 0.003
+ +

FF'mmm =0.227 + 0.016 + 0.003

1200

400.5;....-..' { Data _E F_iﬁ t Data _:
E i 0, - — fit(F_=0.24410.022) C 0. - — fit(F =0.244+0.022) ]
350F | Ke'mw F.=0 = 1ooof— | Koo F.-0 .
= - |
c 300F — F,=05 4 c C
5 F o F ] 5 800 |
~ 250F — — 94 - _ |
0 F r! i @ !
£ ook | 3 g 60
> = | | ' > C |
) S = I_{ o Y 40of
100F- = | 4 L7 =3 -
sof  —— D s = 200¢
0 1 2 3 4 5 6 7 8 0
Bin pair Bin pair

Measurement

BESIII 0.235+0.010 £ 0.002
CLEO-c 0.238 £ 0.012 + 0.012
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> Measurement of the CP-even fraction of D°
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Other strong phase measurements
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- [ fit projection
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F,=0.730+0.037 +0.021

arXiv: 2206.13864v1

Normalized DT yield
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0.5

Phys. Rev. D 107, 032009 (2023)

é 8 Data © 0.45 ; § Data

E Fit © E Fit

o e F, = 1 prediction = 04 ____ F, = 1 prediction

£ F. = 0 prediction — 035 | | F. = 0 prediction
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More details: Inputs from BESIII for y,XiaoKang Zhou,WG5,CKM2023.
> Absolute Measurements of Branching Fractions of Cabibbo-Suppressed Hadronic D%+
Decays Involving Multiple Pions

Phys. Rev. D 106, 092005 (2022)

v Some quick measurements of F,

nnnnnnnn

easure

4), the C'P+ fraction

(fers), and the QC factor (fgc). The uncertainties are statistical only. A “/” denotes unmeasured quantites, occuring for
one mode with a high-precision extrernal result and for the two C'P-eigenstates.

DY - K*K~ (CP+)|D° - K=" (CP-)
CP mode l;ea ured v:;easured
STTTIL287 70512+311
Decay mode M nsured 15 ved fert fac (%) |Uncertainty (%)

DY = rtr a0 / / 0.973+0.017 [5) 935+ 0.5 0.5
DY — rtr—27° 65.7+11.1 169.8 = 13.9 0.682+£0.077 | 97.4+£0.7 0.7
DO — 470 / / 1 93.1+05 0.5
DY — 37% / / 1 93.1+£0.5 0.5
D° = 2xt27 70 37.8+8.3 35.5+6.6 0.438 +0.104 }{100.9+ 0.9 0.9
D — gt 30 52133 68132 0.5201 0585 99.75349 3.0
D° — 2727270 3.5030 15.9+ 3.7 0.790703%2 N 959737 2.2
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_ooking Forward

Decay mode Quantity of interest Comments
D— Kg e ¢; and s Binning schemes as used in the CLEO-c aeliag%s::.a\l?:;i;ga%g Zb;r(l)llz iia; at 3.773 GeV, 1t might be worthwhile to
. : : : -1 . .
D Kg KtK- ¢ and s Binning schemes as used in the CLEO-c Zl;&}i)li)s::.a\llligig beircl)lt; icrlla;'a at 3.773 GeV, it might be worthwhile to
D— K*nntn R,6 In bins guided by amplitude models, currently under development by LHCb.
D— K"K nn™ c¢; and s; Binning scheme guided by the CLEO-c model [68] or potentially an improved model in the future.
D—-nnnatn F,orc;and s; Unbinned measurement of F;. Measurements of F, in bins or ¢; and s; in bins could be explored.
D — Kin a0 R, 6 Simple 2-3 bin scheme could be considered.
D— Kg K*n* R, Simple 2 bin scheme where one bin encloses the g* resonance.
D — ntaa° Fy No binning required as F; ~ 1.
D — Kgfﬂ_ﬂo F,orciand s; Unbinned measurement of F required. Additional measurements of F; or ¢; and s; in bins could be explored.
D — K*K n° Fy Unbinned measurement required. Extensions to binned measurements of either F. or ¢; and s;.
D — K*n™ ) Of low priority due to good precision available through charm-mixing analyses.

Chinese Physics C Vol. 44, No. 4 (2020) 040001

CKM 2023-WG7 17



_ooking Forward

> For CPV, the decay of D°D? to the same CP final states has been studied based on blind analysis and
will open data after finishing data taking plan.
» The CPV from polarization from A, decay Is in preparation.

> For some flavor decays, the strong phases would be updated using 20 fb~2.

> Forrtm~n® and K*K Y, the precision of F, would be improve with a factor more than 2
compared with CLEO-c¢’s measurement. (~8 fb~1 in preparation)
> An optimized binning scheme and a precise ¢; and s; would be determined. (=8 fb~1, ~20 fb™1)

> More precise ¢; and s; for Kdm*n~ and KPw =™, it is worthwhile to explore other binning.
(~20 fb71)

> A strong phase analysis of K*K~n 7~ is performed to measure the strong phase differences in bins
of phase space. (~8 fb~! in preparation) This would be the first binned analysis of this decay.

> The statistical uncertainty would be reduce significantly with 20 fb~1.
CKM 2023-WG7 18



_ooking Forward

I b AL >KSO7T+7T_7TO
1 e s, A 1 » Large branching fraction: 5.2%
o o e | > Fir03
3 |m Ku:t";:;:i’j & 02790 02994 ‘
B m, 0.610 0.960 0:_ E ]
ol B il Il ol | > Only F, in BESIII based on 2.93 fb™1.
1| meem | oo0 | ome | » More precise F, Is preparing.
o e 0" CLEO-c | 3 An optimized binning scheme and a precise c; and

-:lllllll.JAA 1
51 95 0 o5 1 1is

, s; would be determined.

> Binned analysis of rtm~mtm~ is preparing (2.93 fb™1).
> More precise of binned analysis #* ="~ will be updated.

> More precise F, of n7n~m%° will be measured comparing with the BESIII’s quick previous results.
> Binned analysis of #t7~7%7® would be explored.

CKM 2023-WG7 19



> BESIII provides unique quantum correlated D°D? data to measure the strong phase
differences that are essential for the improved determination of mixing and indirect CP
violation parameters.

> 20 fb~1 ¢(3770) data will be collected in the near future (2024) @BESII|
« Moredecays (e.g. ttn n® K*K n°, ntn n*n™, K*K ntn~, Kdntn~n® ..))
« Higher precision

Thank you!
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