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e GGSZ Method

* Strong-Phase difference between D°and D% K
measurement at BESIII

* Impact on the measurement of CKM UT angle ¢3/y
* Future BESIIl measurements
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Tree Measurements

Loop Measurements
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Determine ¢3 through the measurement of
the interference between b ->c and b - u transitions

when D®and D° both decay to the same final state (D).

Total Decay Rate | T(B™ = f(D®)K™) = ARAZ(r5 + 1§ + 21p1g c0s(8p + 6p — 3))
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Due to both amplitude and having only charged tracks, K.;t*rt is the preferred final state

for this method.

Distribution sensitive to variables:
T; : Bin yield measured in flavor decays
rg : color suppression factor ~ 0.1
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dp : strong phase of B decay -ith bin e
: weighted average of cos(Adp) il e
and sin(Adp) respectively where A6 st o DX th
is the difference between phase of N 7 TR Y A ST I" bin
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DO and DO m? (GeViicY)
Mirrored binning over x=y makes itso ¢; = c_; and s; = —s_;

T; , 1,0 are measured at B-Factories

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

Binned decay rate:
['(Bf - D(K;ntn™)KE); = T; + r2T_; + 21 /T;T_; cos(65 + 5 — ASp)
=T; + 18T_; + 215 T;T_i{c;cos(8p % ¢3) +5;5in(8p £ ¢3)}
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Example of ¢; measurements from GGSZ method

Belle Model-Dependent Dalitz iphys. rev. b 81, 112002 (2010)]

78.4t1(1)'2(stat) + 3.6(syst) +/8.9(Model)

Belle Model-Independent Dalitz (phys. rev. 85, 112014 (2012)]

77377 (stat) £ 42(syst) H43(ci/s:)

Currently statistically limited,
but soon systematically limited

Combine methods measurement

f o
+17
(697 " 6) BABAR(2013)

by = - (68+15

o 4) Belle(2013)
L(62_ h 4) LHCh(2014)

+15
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| Babar 2008 Equal Distance Bins |
3

op=180°"

Result of splitting the Dalitz
phase space into 8 equally
spaced phase bins based on
the BaBar 2008 Model.
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| Babar 2008 Optimal Bins |

3

Starting with the equally
spaced bins, bins are
adjusted to optimize the
sensitivity to ¢p3. A
secondary adjustment
smooths binned areas
smaller than detector
resolution.
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| Babar 2008 Modified Optimal Bins |
3

Similar to the “optimal
binning” except the expected
background is taken into
account before optimizing for
@3 sensitivity.

Source: CLEO Collaboration, Physical Review
D, vol 82., pp. 112006 - 112035
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BESIII collaboration
consists of

58 institutions from
13 different countries.

M. Ablikim et al., (BESIII Collaboration),
Nucl. Instrum. Meth. A 614, 345 (2010).
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2.9 fb~lis the largest set of at this type in the world by 3.5 times.

P(3770) excited c¢ state which decays primarily into a DD pair.

Single Tagging

Reconstruct particles from a single D decay.

AE = Eppec — Epeam

AE Fit of D°— K3n*n
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Virtual photon =total CP-even state
Spin 1 between D° and D° = CP(D°) = —CP(fO)
Pair correlation leads to different decay amplitudes than an independent D.

Quantum Correlated D° / DO pair allows us to know the
Flavor or CP of K.t*rt” by tagging the other D.

Dan Ambrose, University of Minnesota
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Kg tt T VS. Kg at KUS at T vs. KE o

CP tags vs. K =+ CP tags vs. K n* =

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

Only ¢;, s; from Kt*rt is used to calculate ¢3.
However adding in D® K m*i we can calculate ¢’;, s’; and use how they relate to c;, s; to
further constrain our results in a Global fit.
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For the CP tag modes, one can show that the total bin yields are related to c; by

]Wli = %(Kl + ZCiW/KiK—i + K—i)
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.

Single Tag modes

Type Tag List
Pseudo-Flavored K—nt, K—ata®, K—ntnta—
ST KYK— ata, Kgn’n®, Kpn°
S— Ksm% Ksn(— vy), Ksn(— nta— %), Ksw, K1

5/23/2016
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| CP Even Tags | Y Projection: KO CP Odd Tags Y Projection: K%t
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BESIII
Preliminary

Data is using the full 2.9 fb1 y(3770) dataset
Results presented here will be using Optimal Binning scheme.
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Using D® >K ' vs DO>K i we can calculate both c; and s;:

Np
M;; = zsf <K K_j+K_ K —?2 \/Kl-K_ K 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.

Mirroring the bins over the x=y line in the Dalitz plot,

we note the following points: 32:

° M j M—l _j ) 2fF

¢ Mi,—j M—l,] -ithwh
Mi,j * M—i,j e 3

Symmetric Matrix because the order which tagisior |
© M =My,
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AE Kg'o vs. Ksn"n‘

(=4
by
AT T TT T[T

T-T T-T T
Tt

L
=
Y

N e e
e

04 005 0 005

BIY G SRR L e
0.1 U 5

E (GeV)

| Missing Mass® n I

400

350

300

250

200

150

100

50

1Hflfl\I}flfl}IWH}IWH[IWIW[IHW'WHW'WHI

f s

&
-
:
.Oe
ol
Uu
ok

BESIII
Preliminary

5/23/2016

Lovvalivi

005 0’1 015 02 025 D3 0.35

Mass® GeV?

KO.mt* v Tags Y Projection: Ko v

2 g

- Evagms / 05 Geyict

]

B DS D R Sk T v of
0.5 1 15 2 25 3

X Projection: KO t*

Events / .05 Ge\d

Ll . N P I IR . .
1 1.5 2 25 3 GO 02 04 06 038 1 12 14 16 S
M (K_m) [Kn}

* This is the most statistically limited part of the analysis.
Further increase statistics by reconstructing a missing .
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The total fit maximizes the likelihood of

—2log £ =—2) log P(M;", < M >)cpxms-)
— 2> "log P(M[*, < M[" >)cpK0m+n)
—2 Z ng P(ﬂf;;} < Mi.':,l} :})(Kgﬂ+?t'_,Kg?T+ﬂ_)
i,J

—2 Z ng P(ﬂ’f—:jl < M;,i })(Kg'ﬂ'+ﬂ_,KEﬂ'+T1’_]
iJ

P is Poisson probability of finding M events with the expected number <M>
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BESIII
Preliminary
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o L O Model prediction
- .
% + ® Data
0.5 {
[ 3 o 1 Results of Global fit
T of c;, s;.
: 4
<054~
[ Error bar is the
"I:- % statistical uncertainty.
o ' 2 3 & 5 & 7 B8 B'I
n
Si
Fit of the datais in
good agreement
with the model
prediction.
Si
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BESIII
Preliminary

5/23/2016

O Model prediction
® BESIII
V CLEO-c

Comparison x?/DOF Probability

CLEO-¢c  9.57/16 88%
Model 26.9/16 4.3%

I3

A

05k

05

Dan Ambrose, University of Minnesota
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Consistent agreement
with CLEO-c
measurements.

Source: CLEO Collaboration, Physical Review
D, vol 82., pp. 112006 - 112035 19



Toy MC ¢4 estimate

— BESIII: RMS 2.165
— CLEO-c: RMS 3.927

Toy MC estimates the effects on ¢3 by
letting c¢;, s; vary by a Gaussian of their
given uncertainty.
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$3
Width of variation due to BESIII uncertainty is 55% the previous measurement.

We are still statistically limited with 3 fb.
Future measurements with 10 fb'! and 20 fb! reduce the uncertainty to 33% and 27%
the CLEO-c measurement, respectively.

Dan Ambrose, University of Minnesota
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Results to be available mid-summer.

Future strong-phase measurements of K¢t~ will benefit from more statistics.
* reduces dominant statistical uncertainty

e allows us to use cleaner modes, reducing systematic uncertainty

 allows for more bins, increasing sensitivity to ¢5.

BESIII is working on many other analysis,
including strong-phase measurements of KK YK~ and mtm~n°.

Please come talk to me after if you have thoughts on topics or measurements which
you would like to see from our unique datasets.

Dan Ambrose, University of Minnesota

B2TiP Pittsburgh, Pennsylvania =
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=  We have measured and presented our preliminary results on strong phase
difference between D® and D° (- K.mt*rv) decays based on the world
largest sample of 1(3770), taken at E,, = 3.773 GeV.

=  Qur preliminary results are consistent with the latest results from CLEO-c
collaboration, but superior in terms of total uncertainties.

= Reduction in the ¢; s; contribution to the uncertainty in ¢5 of 45%.
Improved statistics from B factories could place uncertainty from the ¢; s;
contribution at <1%.

= The GGSZ method using other modes is being pursued at BESIII

Future @3 measurements will be exciting!

Dan Ambrose, University of Minnesota
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Total Decay Rate

[(BT - f(DOKE) = ARAZ(r5 + 15 + 2rp 15 cos(8p + 6p £ 7))

Methods of Direct measurement
* GLW method -f(D°) —>CP eigenstates

Pro’s Con’s
1. p =1 1. Small interference term when 1, /13 = 10
2. 6, =0,m 2. yfoundonlyin cos(y) cos(dg) or sin(y) sin(dp)

« ADS method -f(D°) ->Doubly Cabbibo-suppressed flavor states

Pro’s Con’s
1. 1, =13 1.  Small statistics
2. Must measure 1y, , 8p for each mode
3. yfoundonlyin cos(y) cos(dg) or sin(y) sin(dp)

© GGSZ method - f(D°) —>Dalitz analysis of 3 body final states
Pro’s Con’s

1. S.ubstructure_ aI.Iows regionsof Ip ~7p 1 Nust measure 5 , Op for across all phases space
2. Sizeable statistics

3. Only two-fold ambiguity in y
5/23/2016 Dan Ambrose, University of Minnesota
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| Babar 2008 Optimal Bins |

3

Dan Ambrose, University of Minnesota

Optimal

7 Ac; As;

1| 0.39+£0.17 0.07 £ 0.06
2| 0.18+0.05 0.01 +0.10
3| 0.61=x0.15 0.30+0.12
41 0.09+0.08 0.00 £ 0.08
5| 0.16 £0.17 0.06 &+ 0.06
6| 057021 —-0.15+0.24
7| 0.03+0.01 —-0.04+0.06
8| —0.10£+£0.15 —-0.15%+0.21

5/23/2016

" indicates
numbers from
K i decays

Same bins but different amplitudes
Leads to ¢’; and s’; with difference defined as

A, =c, —¢
As; = s; — 5.

The amplitude difference is due to a change
of sign on DCSD.

AKntn=(DCSD))
A(KOm*m=(DCSD))

0.89

K*"m~ is easy to model with its DCSD as it
has been measured.

KOpO is much harder to model its DCSD.

Source: CLEO Collaboration, Physical Review
D, vol 82., pp. 112006 - 112035

B2TiP Pittsburgh, Pennsylvania =



For CP tag vs K£n+n‘, we are able to find ¢’; ’indicates

numbers from
K i decays

= Si - ’ 11 ’
M = S| K F2¢ [KIKL + K.
f

M'F(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';

N D,D

B ithbin for K m™
L] 253

M jthbin for KPmtm™

KiK,—j + K_iK,j — ZJKiK,—jK—iK’j(CiC’j + SiS’j)

M; ; yields in bin i of K{m*n™~ 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 K7 * 7~ Dalitz plot in flavor modes.

Dan Ambrose, University of Minnesota
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CP Even Tags Y Projection: K v CP Odd Tags Y Projection: KO,
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Tag List

KtK—, nta—, Kgnn®
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