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BESIII experiment
Leptonic decays
e DT > uv
Semi-leptonic decays
« DY 5> K(m)~etv
* Measurement of Y¢p in DDV oscillation
Hadronic decays
» GGSZ strong-phase measurements for D* - K%r+m~
More upcoming BESIII measurements
Summary
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BEPCII and BESII

. O

Electron Psitro

— -

A TR Linac A %
'} Beam energy: 1.0— 2.3 GeV
Energy spread: 5.16 X104

Lear: 0-7x10%%/cm?s

-4 ’ = 4.6GeV ,, | mmm— 0.5 b~
G o N 4.36GeV 0.5 fb?
A X S ﬂ 426Gev [ 2 fb—l
S]]I detector : aiy @ |T(4040) 40| m—— (.5 fh~!
a UL TR _ < ? S 8 U(3770) (s 2 9 fh~1
) iy N @ \ A3 ’\',\ \ ‘& 4= U 55 |EEEEEEEEEE 0.5 x 10%Decays
w8
Taking Physics Data since 2009 > s O ,
. '. - J/PSI 310 | (T
I\ B, TR N Y L2 109Decays

5/24/2015 Daniel Ambrose, University of Minnesota 3



M. Ablikim et al., (BESIII Collaboration),
Nucl. Instrum. Meth. A 614, 345 (2010).
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2.9 fb~1is the largest set of at this type in the world by 3.6 times.

P(3770) excited c¢ state which decays primarily into a DD pair.
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The ability to fully reconstruct most events allows us to determine the presence of
particles that don’t interact in our detector(v, K} ).

DD pair created in a quantum-correlated state, unique compared to generic D decays.
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Single Tagging
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Reconstruct particles from a single D decay.

Mbc = \/Egeam - |PD Reclz
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Double Tagging reconstructs both D’s

Reconstructing both D’s significantly removes background,
however it is at the cost of statistics.

Ability to reconstruct particles that don’t decay in our detector (Kl?, V)
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GRF2,

?(Sw Vcd(s)‘zmg mp

SM prediction: F(Dﬁ;) Ty =

Allows us to explore precision measurements of :
* Decay constants fD(+) using input from |V g )| CXMfitter
S

*  CKM matrix elements |V,4(s)| using input from fLQCDD(Jr)
S
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Input tp,, mp,, m,, on PDG and
LQCD calculated f,,=207+4
MeV[PRL100(2008)062002]

= 0.2210 £ 0.0058 £ 0.0047

Daniel Ambrose, University of Minnesota

10



=

(0.0393+0.0035+0.0009) %

(0.0371+0.0019+0.0006) %

(0.0382+0.0033) %

CLEO-c

BESIII

PDG2014
uv+iv

0.04 0.06 0.08

5/24/2

0.1

B(D* - ptu,)

15

——  209.0£9.3£2.6 CLEO-c
FH  203.2+5.3+1.8 BESIII
PRD89(2014) 051104 (R)
H  208.3+3.4 HPQCD
PRDS86(2012)054510
H 212.6+0.4"") Fermilab Lattice+MILC
PRD90(2014)074509
| | ! | | | .
200 250 300 350

Daniel Ambrose, University of Minnesota

400

11



O

2
f.(qQ%)
: : 2
Differential Rates:  dI'(D — K(m)ev)  GE|Vesa| . -
Allows us to explore precision measurements of :
» Form factors £, 77" (42) using input from V(| CRMITEEET
— Single pole form — Modified pole model
fuqt) =29 Fuq?) = [0
+ q + q2 q2
o MZOle <1 - MZole) <1 - aMz%ole)
— ISGW2 model — Series expansfon model
_ Tisew2 2 fi(t) = ——————a,(t )(1 + ) n(to)lz(t, t )]k>
f+(@®) = f+(@hax) (1 +— 12 Itax — )) P(t)D(t, ty) 010 kz=1 kAto 0

*  CKM matrix elements |Vs(q)| using input from L¢P
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Number of events
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= Simple pole
= = = Modified pole
= 1 = |SGW2

m— Series.2.Par
= m Series.3.Par
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Experimental data calibrate LQCD calculation

Fermilab Lattice, MILC and HPQCD, PRL94 (2005) 011601
. ~

K@a®

1 | 5 s | ()CD calculation

D LQCD stat, extor
| |LQCDsyst. error

Hermilab Lattice and MILC, PRD80 (2009) 034026
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Input |V | from CKM-Fitter

e 0.781£0.04+0.03 BES-II
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= Method 1

= Method 2

B[Dy*>1*]

fP2R®, (0)Vesal

Input tp,, Mp,, m,, on PDG and

LQCD calculated fDSSer a _

Input fP2>K® _(0) of LQCD a _

Method:D f—utv
F—e—  1.009+0.040+0.020 CLEO—c | 0230001 PDG2014 (VV)
CDHS, CCFR, CHARMIT, CHORUS
——=—0.978+0.026+0.022 BaBar
- 1.041+0.033+0.032 Belle H 0.223:10.010-:0.004 HPOCD Calculation
PRD86 (2012) 054510, CLEO—c (D*—p*wv)
Method:D }—1tv
F—=— 1.015+0.030+0.018 CLEO—-c H 0.225+0.00610.010 HPQCD Calculation
PRD84 (2011) 114505, CLEO—c (D—Tetv)
- 0.960+0.034-0.049 BaBar
—"— 1.025+0.019+0.031 Belle H 0.221040.005810.0047 BESIII (D*—pu*v)
PRD89 (2014) 051104 (CHARM2012)
= average (D :—):L"'v)
H BESIII Preliminary (D’ etv)
Method:D —Ke'tv
F—— 0.961+0.011+0.024 HPQCD
PRDS82 (2010) 114506 "
Based on CLEO-c&BaBar ret 0.206:10.007-+0,009
s 4 Babar (D°—>n etwv)
PRD91 (2015) 052022
- BESIII Preliminary
| A | | | | | | | el v b by |
1 1.2 0.2 0.3 0.4 0.5 0.6 0.7
Vel Vel
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Oscillations in D°DO system are characterized by two mixing parameters
x = Am/T
y = Al'/2T
Where Am and AT are the mass and width differences between the two mass eigenstates
|D12) = pID°) £ q|D°)
¢ = arg(p/q)
The D meson’s CP eigenstates can be written as
Dep) = LD
cP+ \/E

Allowing for small indirect CPV, the y parameter of the CP eigenstates becomes

1 q p) . <|q p)]
= —|ycos —[+ =] ] — xsin —— |-
Yer Zly ¢<p q P\lpl " la
In absence of CPV :
* Yep =Y
p
o¢=0
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If D in CP eigenstate,

DO must be in opposite
CP eigenstate

Total decay width of CP eigenstates:

Fepy =T(1 + yep)
Semi-leptonic (D — [) decay width is only sensitive to flavor content
Therefore, Semi-leptonic decay from a CP eigenstate

BDCPJ_,—n ~ Bpo1(1 + ycp)

i 1 BDCP——>1 BDCP+—>1
- Yep ® 4 -

BDCP+_’l BDCP——>1
This can be obtained through Single and double tag yields and efficiencies
Neptsi - Ecps

B. =
Pepzt Ncp+  Ecp+i
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Nept1  Ecps

Bpprol =
CPF" Nepy  Ecpiyl

Branching ratios of Kev and K uv

are combined to get Bp .,

Results are combined from
different CP modes into a global
fit using standard weighted least-
square method.

Result:
Yep = (2.0 £ 1.3(star) £ 0.7(sys)) %
Phys.Lett.B 744(2015) 339-346

E791 1999
FOCUS 2000
CLEO 2002
Belle 2009
LHCb 2012
Belle 2012

BaBar 2012
BESIII 2015

* *Worla average

*k
CHARM 2012

-4 -3 2101 2 3 4 5
yCP(%)

arxiv: 14127515

0.732 = 2.890 = 1.030 %

3.420 = 1.390 = 0.740 %

-1.200 = 2.500 = 1.400 %

0.110 = 0.610 = 0.520 %

0.550 = 0.630 = 0.410 %

1.110 = 0.220 = 0.110 %

0.720 = 0.180 = 0.124 %
—-20+£13+07%

0.866 = 0.155 %

*Edited to compare with BESIII result

**BESIII not included in world average
5/24/2015 Daniel Ambrose, University of Minnesota
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[Babar 2008 Optimal Bins |
3

Measuring the Dalitz binned
strong-phase difference between

D® and D° —» Komtm™

= [(X] [} [~ (5] (=] =~ -]

o

This measurement is important for reducing the
systematic/model uncertainty of the
measurement of the CKM UT angle y done at the
B factories using the GGSZ method.
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B> DK i B> DOK

W s =
b C B

5]

< B — ﬁOK_>
< B — DVYK— >

D
2
=

the interference between b ->c and b - u transitions
when D®and D° both decay to the same final state f(D). DO K

Determine y through the measurement of \
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Binned decay rate:

['(B* - D(K;ntn )KE); = T; + rg?T_; + 2rgJT;T_; cos(65 + vy — ASp)

=T, + 15%T_; + 215/ T;T_;{c;cos(8g *+ y) +s;sin(65 + y)}

Distribution sensitive to variables:
T; : Binyield measured in flavor decays
rg : color suppression factor ~ 0.1

Op : strong phase of B decay -ith bin
: weighted average of cos(Adp)
and sin(Adp) respectively where A6
is the difference between phase of

m2 (Gevie?)
£

¥
&5

ha
[y
G I

\ -
b k)

S
{..I....I....I.r .

ul] 05 1 1.5

PP M I
2 25 3

ith bin

DO and 50 m? (GeVie’)
Mirrored binning over x=y makes itso ¢; = c_; and s; = —s_;

T; , r5, 65 are measured at B-Factories

c¢; and s; can be found through Kt*rt Analysis

5/24/2015 Daniel Ambrose, University of Minnesota

24



K xt v vs. Keat o K" 7 vs. K)ot o

CP tags vs. K] * CP tags vs. K} =*

relationship between (ci, ci’), (si, si’)

It can be shown that the strong phase parameters can be determined through
yields and efficiencies of ST and DT modes.
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M (K 1

CP Even Tags

X Projection: KO t*

Y Projection: KO CP Odd Tags Y Projection: K%

Events / 05
=]
T

8

BESIII
Preliminary
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N
af gt
i ;
r‘0‘5 II1””1!5 é
Tt Mass? X Projection: KO t*
daf il b
& T 350._ 5w
E_ 10;—+ 10:—
I T T N R 'Mll"t’n,}f R I * T S 2_‘5'"‘2“'(’{, % 'b!z"'o.‘x'h.'s"b!s"‘%"a.'z"a!s‘a!e".‘?Ksr'q
Type Tag List
Pseudo-Flavored K—nt, K—nta%, K—ntrata—
St KK~ atn, Kgn’n® Kp=°
— 0 -0 /
S Kgn", Kgn(— vy), Ksn(— nta~7°), Ksw, Kgn
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15 15
-~

BESIII Preliminary “ BESIII Preliminary

P4 = i
b :

of o o

05 * 0 Model 4155— { I} ! ' EL

BESIII Preliminary

LA AN BN B T[frrrrrrrs

¥ CLEO-c o
K e BES|| F
. L e e e S e S T B e e R (S e Y
Bin Bin Si
BESIII Preliminary
Ci Si . . . . . . .
SRR [E— CE O LTI _—t Reduction in fche Ci Si contribution
1 | 0.066 = 0.066 |—0.009 + 0.088] —0.843 + 0.119| —0.438 + 0.184 to the uncertainty in y of ~40%
3 | 0.361 £0.125 | 0.292 £ 0.168 |—0.962 + 0.258|—1.243 + 0.341 .
4 |—0.985 + 0.017|—0.800 + 0.041|—0.090 + 0.093| —0.119 = 0.141 could place uncertainty from the
5 |—0.278 £ 0.056|—0.208 & 0.085| 0.778 £ 0.092 | 0.853 £ 0.123 ¢; s; contribution at ~1%
6 | 0.267 +0.119 | 0.258 + 0.155 | 0.635 + 0.293 | 0.984 + 0.357
7 | 0.902 £0.017 | 0.869 + 0.034 |—0.018 + 0.103|—0.041 =+ 0.132
8 | 0.888 4 0.036 | 0.798 + 0.070 |—0.301 £ 0.140|—0.107 = 0.240

CLEO-c result: Phys. Rev. D 82, 1 12006
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Leptonic:

« D;* > [Tvanalysis
Semi-leptonic:

« Dt > K,etv

e DT > (w,P)etv
« D" 5 K ety

Hadronic:

* Dalitz analysis KskKK

e Df s nXand DS - n'pt

e oletet - DD) at Ecm = 3.773 GeV

« olete™ — DD) Line shape near Ecm = 3.773 GeV

5/24/2015 Daniel Ambrose, University of Minnesota
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Through the leptonic decay of Dt — ,u+vu and the semi-leptonic decay

D° - K(m)~e*v,, we have obtained improved measurements of decay
constant f )+ and form factors f,D>K(m(g2) , which are important to test and
calibrate LQCD calculations accurately.

Leptonic and semi-leptonic decays improved measurements of CKM matrix
elements, which are important for unitarity test of the CKM matrix.

Measurement of y ., the mixing parameter in DODO oscillation, is a competitive

measurement which takes advantage of the quantum correlation of the
J(3770) dataset.

Measurement of parameters of the strong-phase difference between D° and

DO — Kgn+n_, which are important for reducing systematics in CKM UT angle y
measurements.

Many more BESIII analysis are on their way and we look forward to sharing our
results.
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For CP tag vs K{m*m™~, we are able to find ¢;

S
ME = %(Ki + 2¢.JKK_; + K_;)
f

M;"(M;") yields in each bin of Dalitz plot for CP even(odd) modes.
S, (5_) number of single tags for CP even(odd) modes.

S number of single tags for flavor modes.

K;(K_;), yields in each bin of Dalitz plot in flavor modes.

From the Double Dalitz modes, we are able to find ¢;, s;

Npp
M;; = 252 <Kil(_ i+ K K —2 \/Kil{_ iK_iKi(cici + sisj)>

M; ; yields in bin i of first Dalitz plot and bin j of second Dalitz plot.
S¢ number of single tags for flavor modes.

Np p total number of D° D° events.
K;(K_;), yields in each bin of Dalitz plot in flavor modes.

5/24/2015 Daniel Ambrose, University of Minnesota
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For CP tag vs KPm*m ™, we are able to find ¢’;

" indicates

numbers from
K it decays

= Si ;- ’ 11 ’
My = oo K/ F2c; |[K/K', + K,
f

M'}(M'7) yields in each bin of Dalitz plot for CP even(odd) modes.

S.(5_) number of single tags for CP even(odd) modes.
S number of single tags for flavor modes.
K';(K';), yields in each bin of Dalitz plot in flavor modes.

From the Double Dalitz modes, we are able to find ¢;, ¢';, s;, S';

M ij = 251'3 (KiK,—j + K_iK,j + ZJKiK,—jK—iK,j(CiC’j + SiS’j))

ith bin for Kdmtm™
jth bin for Kt~

M; ; yields in bin i of K{m* 7~ Dalitz plot and bin j of K'm*7~ Dalitz plot.

Sy number of single tags for flavor modes.
Np 5 total number of DOD° events.

K;(K_}), yields in each bin of K7 ¥~ Dalitz plot in flavor modes.
K';(K'_;), yields in each bin of K 7=~ Dalitz plot in flavor modes.
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