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Outline

= |ntroduction on Time Dependent Analysis

= Analysis Demonstration: D** — D% 11*; D% = KsTT* 11~
 dataset, selection and classification of the background events

o Dalitz Plot distribution, Proper Time and its Error

= Studies on the D Proper Time Resolution
e D¥ — DO11*; D% =h*h~ case

e efem = D X case

= Conclusions
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Time-Dependent Charm Analyses

. , » . Time Evolution of a D°(t=0):
= Time-Dependent Analysis are sensitive to Mixing and

Indirect CP Violation = most sensitive to New Physics

( x =0.5% and y = 0.5% )

= D° mixing is very slow

= Time—Dependent (TD) mixing analysis must be sensitive
to effects of the order of 1073 (x,y,y’) to 107> (x’?).

log scale!

= The sensitivity to Indirect CP Violation parameters is
suppressed by the mixing parameters:

Wrong Sign KTT, allowing for direct CPV:

x/:l: _ q/p :|:1(

y’i q/p y' cos ¢ F x'sin ¢)
¢ =arg(q/p)

x’ cos ¢ = y/ sin gb) Lifetime Ratio Analysis, D°—KT1TVS D°—hh

Ycp = y cos ¢ — s Ayxsin ¢
Ar = %AMycoso,'b—xsinQ‘)

il(

_ lg/plP=1lp/q
M= a/p12=1p/qP

Time-Dependent Dalitz Plot Analysis D% = KsTTTT

i L A cos(zpl't)—ReA ¢sinh(ypl't) + 1777,)\fsin(;2:DI‘t)]
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Giulia Casarosa

D*+—=DOnr*: DO Ksm*m-
Analysis Demonstration

this study was presented at the 20™ B2GM in February 2015
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DO— Ksr*mm- Reconstruction

= T1%, D daughters candidates

o std loose list (piid > 0.1 and chiProb > 0.001)
e p:> 0.1 GeV/c

well-measured tracks

o M & L2 >2  well-measured tracks

\wow avaiLable
——

= Ks candidates

e std Kslist + 10 MeV/c?2 wide mass window

\m,ow we have “good” K List (neural network) l

= DO candidates

massKs - signal events
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dataset:
100fb~! MC4.5
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o pre-fit cuts: p* > 2 GeV/c & 100 MeV/c? wide mass window

o vertex fit, with mass constraint (RAVE), P(x?) > 10~*

o post-fit cuts: 40 MeV/c? wide mass window & p* > 2.4 GeV/c

Giulia Casarosa
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D**—= DOt Reconstruction

= D* candidates, 3 lists <> 3 different fit constraints

5000

llllll

deltaM - signal events deltaM_cat1

Entries 106327

o % [ A A A A 0T T 0.1449

= soft TT* candidates ool LA AL L L LL oo oo
e p:>0.1 GeVic well-measured track .
. . .. 20000+ |
e p*< 500 MeV/c kinematic limit - ]
o« # WMGE?\DC > (0 well-measured track 15000}~ -
\wow avaiLable - i
10000 —
— . )

e pre-fit cuts:0 < Q (MeV) < 30
o vertex fit, P(y?) > 10~

1. RAVE, no constraint

(914 0.1420.1440.146 0.148 0.15 0.1520.1540.156 0.158 0.16

1.1

Am (GeVic?)

2. RAVE, D* constrained to originate in the beam spot, use TTs best Am resolution

3. RAVE, D* constrained to originate in the beam spot, use TTs and D°
e postfit cuts: 0 < Q (MeV) <20

\

there was (1s?) something wrong
with the Copy List pPython function

(still under tnvestigation) 1

Giulia Casarosa
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something going on?
Am resolution from fit 3. is
worse than from fit |. and 2.



Sighal & Background Classification

definition™®

correct DO correct TT
DO ¥% 1t¢ v D** g et S
correct D
correct DO mis-rec. TT
DO s% s ¥y D** o * es no
skt y
mis-rec. D
mis-rec. D°, correct TT
DO % ¢ ¥¢ D** T > no ~yes
sk+ 4
mis-rec. D
mis-rec. D% mis-rec. TT
DO ¥ 75 ¥¢ D** e no no
mis-rec. D
correct D% correct TT
DO ¥ 75 ¥ D** T e yes ~yes
mis-rec. D

(*) mis-rec. = mis-reconstructed, correct = correctly reconstructed
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Selected Events

Am distribution - all events mp distribution - all events

[ cat1 DO v 5 % D**

cat2 DO % s ¢ D**

10000
10"

I llllllll L
| llIIlIll L 114

107 ' \“ 5000

cat3 DO d s & DX

-’~\\\ ‘
N [ )

cat4 DO 5% 15 Y% D**

o \ uﬁﬁw‘i > ,’L}[Lij.!n '“"i;irmu . !:!ﬂ'-.w\ﬂf‘r!-,_j "'mginfﬁﬁ bty L!—x {"ﬂd " ;L c at5 DO ¥ 7T Yr D**
: : 4000
1
T 3
S i 2000
10 ) i
IllllllillllIllilllllllllllllllllllll_g

0.14 0.1420.144 0.146 0.148 0.15 0.1520.154 0.156 0.158 ] ] ] ] 1. 1.92 .
Am (GeVic?) m, (GeV/c?)

o |06k signal events in the large (mp, Am) region

e resolution of mp and Am are a bit worse than BABAR - the B Eav—eat: Vs
in the analysis
- mp distribution has an RMS 20% larger than BaBag, 10.1 VS 8.2 MeV/c? 2 optimised selection
- Am distribution has an RMS 40% larger than BaBAr, 830VS 502 keV/c? was applied
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% events in catl cat2

Signal Region Definition

= We define a signal region in the m(D?), Am plane

o 82k signal events

signal events

o
-
=2

Y
W
0

-
wn
=2

IJIIII'I!IIIIIJIIF'lllllll

o A (GgVic)

:u'II:I.II-IIIII.II.IIII.IIII||||-|||

the signal box
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cat3

signal region:

15 MeV/c? in mp
2 MeV/c? wide in Am

3rd B2ITA ~ LNF

+
Ks flight distance 1 ple oY
significance: it mm\au’p\e \evel
. ot ™
FDE/FD > 10 d
+

Ks angle between A
flight length and |y aPP" pent
momentum: arfe © P

cosbk > 0.99 \wow avaiLabLﬂ

T —

next plots are for signal
region events only.



Dalitz Plot Distribution for Signal Events

A3-5 | | | | | | |
o | |
o -
o
O 3 St if no direct CP D° and D° decays can
¢ L TR be described on the same Dalitz Plot _
2.5 B2TiP Question: the no-direct-CPV— 12
assumption may not hold at 50 ab™': we
- will need two separate DP for D? and
ol DY, does this change the sensitivity to —10
the mixing and CPV observables?
8
1.5
- 1 —16
11—
B &
0.5
2
0 1 | l l 1 l ! l I l ! l ! 0
0 0.5 1 1.5 2 2.5

3 5
M2y (GeVzlcg)
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DY Proper Time and its Error

proper time - signal events ft_cat1 .proper time error - signhal events [ fte_cati
Entries 82091 Entries 82091

- ! | ' | ! | ! | ' | Mean 0.4119 =T 1 1 17 1T 17 ™71 "™ 717 7117 Mean 0.3486
4500 RMS  0.6344 2500 RMS  0.2096
4000 3 _ I
3500F. E 2000— B
3000 3 - )

- : 1500}— —
2500 = = .
2000 3 _ i

~ . 1000 —
1500 = B 1
1000 3 - .

= . 500 |— —

500 - B !
0E = A ol S

- 3 4 0 01 02 03 04 05 06 07 08 09 1

t (ps) c, (ps)

o the observed performance is compatible with a 4-layer SVD-only tracking

- known low-efficiency for the pixel hits in the VXD pattern recognition — understood
e the expected performance should be a factor 2 better than BABAR:

- Bellell innermost layer is a factor 2 nearer the IP than the BABAR SVT

- reduced center-of-mass-boost effect is negligible in charm events
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cc—D*QmnoD**

-D*- signal
-mo—yy
-Q—=mrmd
-mo—yy
'D*+_’ D0"+
-DO—-m*Kn
N MY

build-2014-10-18

NOTE: the figure does not include ECL timing or energy threshold requirements
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Giulia Casarosa

D Proper Time Resolution Study

this study was presented at the 2"4 B2TiP Workshop in April 2015
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Giulia Casarosa

Motivations

= Time-dependent analysis are at the core of the charm physics program, in particular
for mixing and CPV measurements

» D¥*—=DO 11, D? = Ks TT*1T, mixing & CPV on the Dalitz Plot
» D*¥*—=DO11*, DO = K11, K*K-, TT*1T7, mixing & CPV

= An accurate estimation of the D° proper time resolution is fundamental for the
correct estimation of the precision that Belle Il can reach on x,y |q/p| and ¢.

= SuperKEKB and Belle Il present differences w.r.t BaBAr and Belle that will affect tracking
and vertexing for charm events:

» new 6-layer silicon detector: the innermost layer is 1.4 cm from the IP (vs ~3cm of
BaBar) — improved resolutions on impact parameters

» squeezed beams at the IP: size of the beam-spot is 2 orders of magnitude smaller
w.r.t. BaBAR = improved constraint for the decay chain vertex fitting

» reduced center-of-mass boost of the machine: it does not affect charm physics as it
does for B physics since charm quarks are lighter and therefore more boosted

3rd B2ITA ~ LNF |5



The D° Proper Time Measurement

D9 mass-constrained
fit to the tracks

T

DO decay

—

vertex VDO

In order to measure the D proper time we need the
positions of the production and decay vertices of the
DO and a measurement of the D° momentum.

I‘j = The D flight distance time Zis:

7 _’.;—9*
direction g — T=7 d=Vpo — Vp=
of the D° Pl

the direction of the D° is much better determined
with the measurement of the momentum

Giulia Casarosa

= The D° proper time t is:

I 4 ¢ m
b= c

Boe =

3rd B2ITA ~ LNF



Bellell Tracking in Silicon

Bellell MC PRELIMINARY [
0.4 == | gelle Il G20 (longitudinal) / B L AN track \.
elle Il 040 (transverse)
©  BaBar O
0.3 — ® BaBar Odo
°
= Belle 1I'VXD Tracking PXD layer PXD cluster
£ 0.2 f performs a factor ~2 _ o : \I’75 in
— [ better than BaBar XIXo = 0.27% / A H
o | AN
0.1 — multiple scatterin di) = 0.4cm
effect due to
PXD material[ track
0 W W
1-2001 beampipe
8583A28 Transverse Momentum (GeV/c)
XI/Xo = 0.8%

naively, the uncertainty on the longitudinal impact
parameter (zo) is due to:

»  hit position
Ohic = pixel pitch/+/12 = 75um/+/12 = 20um

beampige material

» multiple scattering from material
ams = d OmsecdLr v/ X/Xo
Owms (layerl) = 32um (for a 1GeV pion)

— R N NOTE: the cartoon is not to scale 4
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dataset;

300k signal events
build-2015-03-01

DO—K*K- Reconstruction

mass - signal events mass_cat1

Entries 86803

l[lll[lll[lll]llllllman 1.865

9000 Bellell MC RMS  0.01133

= K*, D? daughters candidates 2000 PRELIMINARY D% mass
e std loose list 7000
* Pt > 0.1 GeV/c 6000
o D*+— DO+,
e #hitsinLI ||L2>0 5000 DO—K*K-

well-measured tracks 4000
3000
2000
1000

782 184 186 188 19 19
0 . m_o (GeV/c)
= D% candidates

o pre-fit cuts: p* > 2 GeV/c & 100 MeV/c? wide mass window

o vertex fit, with mass constraint (RAVE), P(x?) > 10~

o post-fit cuts: 40 MeV/c? wide mass window & p* > 2.4 GeV/c

to reject D from B decays

Giulia Casarosa 3rd B2ITA ~ LNF |8



D**— DOt Reconstruction

deltaM - signal events deltaM_cat1
Entries B6803
T T T [TT T [TTT [T T T[T T T T TTr T TTrorTT Mean 0.145
22000 i RMS 0.001075
= soft TT" candidates 20000 Am = m(D*) - m(D?)
18000

= D* candidates

Giulia Casarosa

e p:> 0.1 GeV/c
e p*< 500 MeV/c

well-measured track 16000
kinematic limit 14000
12000

10000

8000

6000

4000

2000

lllllllllllllll]llllllllllllllllllllllllllll!l

e pre-fit cuts:0 < Q (MeV) < 30

6)140 1420, 1440 14&) 148 0.150.1520.1540.1560. 1580 16

D*+_’DO'|T+,
DO—K*K

Bellell MC
PRELIMINARY

lIlllllllllllllllll]lllllllllllllllllllllll

llllllllllllllllllll]

Am (GeV/c*)

o vertex fit with the D* constrained to originate in the beam spot, P(y?) > 10~

e post-fit cuts: 0 < Q (MeV) <20
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DY Decay Vertex Reconstruction

= Consider the decay chain: /
» D¥*—=DOort, DO KK~
= DO mass—constrained vertex fit yields:
» aresolution of ~40Um in the transverse
directions and also in the longitudinal one
D’ vertex resolution DO_xy_resol
Entries 86803
’E‘400llllJllll| llllll lb\lirlllimanx-o.2169
El Belléll MC” PRELIMINARY Meany .0.1538 1800
Tt mra " v+ [RMSx  39.01
§'300 . .1 -. ; 'l- 1' a D'.l. B “"w uy RMSy 19.13
. I L - 1600
> 200 ) iy ‘h_J. ' -
- . o S 371400
= . " -
" . l- -..n .’:.'— "= : -
100— . 'I;__.. ..L sl 2] —1200
: LI ) :-'... .' .' ;.I -:
0-_."-.. - y ~ - ‘.-I u —— —1000
- :-. _.-5.‘ ._"_.l_-'% T
- - - - . — —800
- - . - ' . . —
100: . l"-1 - '. ;' ' l:
SRR "L Jaleoo
200 % . ALt
. 11 L, 400
: " ...-'- I-:-II l.. I.:.-'.-l' I. 5..
-300f L -l 200
: b - " F. ‘e 8% 8 - \
_40 _llllIllllrll-llll-lllllﬁl-lllllllllllllll 0
960 300 -200 -100 0 100 200 300 400

rﬂhﬁ

Giulia Casarosa

= Xgen (M)
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TRANSVERSE PLANE

beam spot

profile

NOTE: the cartoon is not to scale
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DO Production Vertex Reconstruction

= D**— DO is a strong decay, D° production

/ \.
vertex is inside the beam-spot = beam-spot TRANSVERSE PLANE
constrained fit (or IP constrained fit)

» beam-spot transverse dimensions:
« Belle ll: 60nm x 20um
o BaBar: 6pm x 110 pm
vertex resolution
2400_ Bellell MC PRELIMINARY
2k
850 1000
> »
300
> [
= 1800
250
200 _ -
150
100§ average transverse D° T . =400
- flight distance ~ 180um Tl ,
. i - b | -_.'- ae
50: ; . ._.-.;';' E_.i - S 200 60nm beam spot
c e S e rofile
O o i beam-spot ; [Oum R 3
» = « 1 .- " ey . " " N /
1111]1.11.1.1-1111.1 |'|-1"L'i.‘-l lthlllllll -
900 -300 -200 -100 0 100 : 200 300 400 ° NOTE: the cartoon is not to scale
Xmea ~ xgen (].ll’h)

Giulia Casarosa

3rd B2ITA ~ LNF 21



Proper Time t & Proper Time Error o

ft_cat1
Entries 86803

fte_cat1
Entries 86803

proper time - signal events proper time error - signal events

T T T T T T T T T T 1Mean  0.4035 7000=" T T I T T T T T | Mean 0.07295
5000 :_ Bellell MC RMS — 0.4255 - Bellell MC RMS  0.03244
- PRELIMINARY - 6000 PRELIMINARY i
7000 — — - |
= - 5000 SR -
6000 = - Lo ! |
5000 f— D**—DOmr, = 4000 - : Ot
: DO KK 4 - &l
4000F- E 3000 =
3000 - = . ,m
= = 2000 5000,
2000 = . T T S TR "
L . N peoper time erroe (pa)
1000 = 1000:_ | .
o - | - 1 . 0 N . -"ifft{}"77:""' e | o
-2 -1 3 R} 0 0.05 0.1 0.15 0.2 0.25 0.3
t (ps) o, (ps)
e improvement in the computation of or w.r.t. BaBar (plot in the box)
» average ot = 0.07 ps VS 0.25 ps for BaBar
e RMS ot =0.03 ps VS 0.09 ps for BaBar
« factor 3 improvement in the D° proper time significance, t/ot NOTE: no signal region
definition, take also events
« average of 6.2 (with RMS of 6.6) VS average of ~2 in BaBar from tails of mp and Am
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18000

16000

14000

12000

10000

8000

6000

4000

2000

proper time resolution - signal events res_cati
Entries 86803
- 1 T T T | T 1 T Mean 0.004122 10°
= Bellell MC f e S :
— PRELIMINARY ., resolution 1- -
- Qf 0.14 ps B 80}
- E 60
= D**—DOmr*, oF
= DO KK - i
- - 200
E_ \ 0
- 1 factor 2
T -, 1improvement!
2 15 l 1 1 15 l f
mea 'tqm (pS -
3500(—
= DO proper time resolution = 0.14 ps 0o
. 2500
= factor 2 improvement w.r.t BABAr and Belle -
2000
= pulls distribution is OK: :
1500_—
« error correctly estimated within 23% b
e bias of 5% of the error oo

Giulia Casarosa

O

Proper Time Resolution

h_resol

Entries 1482628
Mean -0.0004758
RMS 0.2709

3rd B2ITA ~ LNF

proper time pulls - signal events

1

PP P
1.5 2

D° proper time resolution

LJ I 1] T 1] ] T L T

Bellell MC
PRELIMINARY

‘l L) L) L)

pll_cat1
Entries 86803
Mean 0.05368
RMS 1.325
x? I ndf 1619797
Prob 0
Constant 3316 £ 153
Mean 0.04839 = 0.00421
Sigma 1.226 = 0.004

—

llllllllllllll

23



20000

18000

16000

14000

12000

10000

8000

6000

4000

2000

 ©

Proper Time Resolution (D°— 1)

proper time resolution - signal events res_cat1
Entries 86583 et
— — 1 T T T ] LI T | Mean  0.002316 Entries 655349
E Bellell MC l - : , s oasrr
- PRELIMINARY = 50000 ]
- 4 — ;
E 5 E 3ooooﬁ
— ) g=
3 Z E 20000,
" ) .
[ —] 10000 -
: 7 ; ~ ,.
=3 % x T e Y Y B
= / = D° proper time resolution
- d__ factor 2
T % -, d4improvement!
T T Y 0 05 1S 2 proper time pulls - signal events pll_cat1
*'“-t‘?m(ps) T T T T T T T T T T T | Entries 86583
ssoo [~ Bellell MC Mo 003283
. . - PRELIMINARY - 262
= DO proper time resolution = 0.13 ps 3000 F- ,
- 25 1 nat 16301 97
= factor 2 improvement w.r.t BABAr and Belle 'y Constant 3496 1161
] . . . 2000 F- Mean  0.03042 + 0.00399
= pulls distribution is OK: : sigms 116 + 000
1500 —
« error correctly estimated within 13% x
1000 —
« bias of 3% of the error b
; » { A RSN ; S

Giulia Casarosa
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Impact on the Mixing Parameters Measurement

= A correct estimation of the errors on the mixing parameters should take into account the improved
resolution in the proper time measurement
= ToyMC study, using the Wrong Sign KTr mixing analysis (statistical-dominated measurement)
» 3.5k signal events & S/B = 2.2, background lifetime = T(D?) (from 400 fb~' Belle paper)
» proper time resolution = 0.14 ps (from Bellell simulations)

o)
Belle Belle scaled '?Q/ 5 Belle Il simulation

measured Staric, KEKFF Schwartz, ToyMC

A
'Pég/
7

| ab™! 20 ab™!

x'2 (107)

0.6 0.06 - - -

250 l 23° J‘ : : -]
[0-20

ToyMC with
improved t resolution
(stat. only)

7
o
improvement

Lp
. 2 2 elle 2
O Bellell — \/(Ustat + Usys) 50 ab L T Oired

favourably compare to LHCb results @ 3fb~!
o(x2) = 5.5 10-5.0(y) = 0.5%
Giulia Casarosa 3rd B2ITA ~ LNF



t Resolution for e*e—D X Events

= We can measure the proper time of D° coming directly from the hadronization of the charm
quark with comparable precision.
= We can’t tag their flavour at production in the standard way (D*—DOo1T)

proper time resolution - signal events hRes
Entries Jezn
8000 — | L | T T T Mean  0.005712
- RMS 0.1521
= Bellell MC -
7000 — -
- PRELIMINARY 3
el 5 resolution |-
W DO KHK- of 0.15 ps §-
4000 — =
3000 f— 3
2000 |— -
1000 — r
0 = ] 1 . 1 '
-2 1.5 1 05 0 05 1 15 2
bos ™ 1oen (PS)
proper time pulls - signal events hPull
L T I Entries 39211
1600 -
3 Mean 0.05677
1400 -
- RMS 1.307
1200 |~ 3% I naf 696.8/97
1000 — Constant 1510 + 10.3
- Mean 0.05686 + 0.00622
800 —
- Sigma 1.218 * 0.006
600 — =]
200 [~ -
0 g .

Giulia Casarosa
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Giulia Casarosa

Some ldeas for Possible CHARM Studies

Follow up on the D**—D%r; D= Kstrmr analysis
« improved tracking + improved Ks selection

e missing: update of the momentum of the daughter after the fit
Direct CPV in channels with neutrals in the final state
study CP asymmetries in bins of proper time

What can we do with a sample of untagged D°, D*) with a precise measurement
of their proper time?

Leptonic & Semileptonic Decays

e CPV is not the only window on NP

How well can we select a flavour-tagged sample of D° from B decays?

need the TreeFitter, can’t be done now

D—VYV, VS 4-body Dalitz Plot (e.g. pp, K K*)

e missing:update of the momentum of the daughter after the fit

3rd B2ITA ~ LNF
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Conclusions

= | have shown the recent activity in the charm WG
e basic analysis tools needed to perform time-dependent analysis are in place and are working
e there are some missing tools, important not only for charm analysis

e first update of golden observables with a Belle Il simulation study was presented

= Many opportunities and things to explore in charm at Belle lI:

e unprecedented precision of the determination of the D production vertex may open the
possibility of a new class of measurements at Belle /I

e there are new ideas, things not done at Belle/BaBar interesting for or feasibility studies

e a lot of room for new ideas on analysis already done at B-Factory to reduce the systematic
error and increase the precision at 50 ab™!

= the Charm WG lacks of people, currently only 3 people (| active) are involved
e it is impossible to write down a reliable program with milestones if no manpower is available

e the activities turn on before B2GM / B2TiP and turn off right after (prone to errors, things
that could have been done if-only-I-had-thought-about-this-before...)

e itis impossible to cover the wide charm program (mixing, CPV, rare decays, leptonic and
semileptonic decays, 4-body DP)

Thank You!

Giulia Casarosa 374 B2ITA ~ LNF
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What about untagged D°?

= With such a good performance of tracking and vertexing, can we fit the D° that come directly
from the hadronization of a charm quark!?

proper time - signal events :mm' s
— T T T T n A1
= I l ] [ I R;‘S 0.4313 ,
E E / TRANSVERSE PLANE
o Bellell MC E
2500 £ PRELIMINARY - i
2000 E— “f
o DO—KK -
1000 S— é " /
500 E— _E ;/
O.; 11 0 1 2 31 : Jf
t{ps) |
'I
roper time error - signal events Sigemet f.DY
p p g Entries 39211 ,"
" T * T " T * 1T " T " T " T " T "|Mean 00824 f
9000 [ RMS  0.06105 |
8000 - = [
00 3 Bellell MC E ‘/
S PRELIMINARY - /
6000 f— -
5000 - =
k. 0 E / beam spot
D= KK E 60nm profile
2000 —
1000 e .
T NOTE: the cartoon is not to scale
00 03 04 = 05 * 06 ’ 07 * 08 ’ 090 ‘m’l
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Untagged Asymmetries

Petrov@BEACH?2014

| Other observables: untagged asymmetries? |

% Look for CPV signals that are A-AL, TRD®, TN, 20
- first order in CPV parameters
- do not require flavor tagging (for DY)

% Consider the final states that can be reached by both D and D,

but are not CP eigenstates (7Tp, KK*, Kz, Kp, ...)

PR Y
A‘c’:p(f)=2;+z; where zf:r(D"—.»f)+r(5°—>f)

% For a CF/DCS final state Kx, the time-integrated asymmetry is simple

Alp (Kt7™) = —ysindknxsin ov/ Rix (<10 for NP)
% For a SCS final state pm, neglecting direct CPV contribution,

A%P (p+7r_) = —ysind,x sin @/ Ryx (<102 for NP)

Note: a “theory-free” relation!
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Time-Dependent Dalitz Plot Analysis DY—Ksm*m

= Assuming no direct CPV the mixing and CPV parameters (x,y,|q/p|,arg(q/p)) are accessible through a time-
dependent analysis of the Dalitz plot distribution for D° and D°

» currently the no direct CPV assumption is cross-checked with a separate fit to the DP of D° and D°

this assumption may not hold at 50ab=': we will need two separate DP for D° and DY, does this

| Analysiisi | Observable

Unéefééin);_ |
Now (~1ab™') £ =50ab |

Kintm~ x (%)
y (%)
lq/p|

L

0.19
0.15

change the sensitivity to the mixing and CPV observables?

= Dominant irreducible systematics limiting the precision at 50ab~' are due to the use of a model to

describe the DP distribution

to fully exploit the power of 50ab~' we will need to use a model-independent approach:
need to balance the deterioration of the statistical error and the reduction of the systematic one

= No systematics/correction applied for the presence of the Ks in the final state

probably not relevant at | ab~1I, need to think at the effects we will be sensitive to at 50ab™'

Giulia Casarosa
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Indirect CPV in two-body decays

= Wrong-sign D°—=K*m analysis will provide measurement of mixing parameters (rotated
by the strong phase 0) and of the indirect CPV parameters.

= Lifetime Ratio D°—Kn* ,K’K*,mm* analysis will provide measurement of the mixing
parameter ycp and the CPV parameter Ar for both the fina states.

No limitations foreseen due to irreducible systematics

The current hypothesis of no direct CPV can be realised with no harm for the analysis technique, nor the
theoretical interpretation of the results

[

Giulia Casarosa 374 B2ITA ~ LNF

i, Analysish Observable Un‘c;ert T

H Now (~1ab™') L =50ab™" || i :
| m+n—, K+K- % 0.22 0.04
| ’ Yop () ~ factor 6 better

A, (%) 0.20 0.03 !
| K*tm™ z? (%) 0.022 0.003 S ——
/ |

! v (%) 0.34 DL ~ factor 8-10 better

| lq/p| 0.6 0.06

33



Summary of Theory

Charm Working Group - Theory Focus of B2TiP! and B2TiP2
A.Kagan

® CP violationin D — D mixing:
talks from Luca Silvestrini, Alex Kagan

® employ a parametrization that is appropriate for the level of precision expected in
the Belle Il / LHCb upgrade era

® improve upper bound estimate for SM CP violation (CPV), to more clearly
delineate the window for New Physics in mixing CPV at Belle Il

® Flavor SU(3) analysis of direct CPV and rates in D — PP and D — V P decays:
talks on PP: Martin Jung, Uli Nierste, Ayan Paul; on VP: Dean Robinson

® can the presence of New Physics be inferred in direct CPV measurements using
SM SU (3) relations

® quantifying SU(3) violation in D — PP, V P decays with increasing experimental
precision can improve upper bound estimates of SM D — D mixing CPV

® Relatively clean observables for New Physics in Semileptonic and leptonic D decays:
talks from Svetlana Fajfer, Alexey Petrov

® |attice input: talk from Andreas Kronfeld
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L.Silvestrini

The “Real SM” Approximation and Beyond

* D mixing is described by:
- Dispersive D—D amplitude M,, * Given present experimental errors, it is

perfectly adequate to assume that SM

* SM: long-distance dominated, not calculable ) )
contributions o both M,, and I',, are real

* NP: short distance, calculable w. lattice
- Absorptive D—D amplitude I',, * all decay amplitudes relevant for the mixing

* SM: long-distance, not calculable analysis can also be taken real

* NP: negligible * NP could generate a nonvanishing phase for
- Observables: |M,,|, |T,|, ®,,=arg(I',,/M,,) M,

* The corresponding results on fundamental‘/
parameters are

IM,,| = (4 +£2)/fs, IT,| = (14 £ 1)/fs
and ®,, = (2 £ 3)° :
0 = arg(q/p) = arg(y+isx) -(9;.,)

/' R /

2
Relax the assumption of real I',,,

universal phase ¢

Belle IT and LHCb upgrade will considerably
improve the sensitivity to CPV in charm

mixing e

How large can ¢_,, be in the SM?

ri2

Can we extract ¢, from experimental data?
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L.Silvestrini

Can We Estimate ¢r,in the SM?

I', changes Uspin by one unit
0, ¥~ IMAA/y /T ~510°T,/T T generated by SCS decay amplitudes

l use exp data on BR's and DCPV to perform
SU(3) analysis and estimate I'
o
0.,~ 5 mrad (0.3%) 3

leaving plenty of room for NP l

more data, in particular for PV SCS decays,
would allow for a better estimate of ¢,

0,, Might be estimated via dispersion rel.

Belle II/LHCb upgrade will probe ¢,,., and ¢,

at the level of 1°, while an “extreme” flavour
experiment might reach the 0.1° level
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S.Fajfer

New physics in (semi)leptonic D decays

| Motivation |

» Important to know CKM matrix elements V and V4.

» High precision results for the decay constants, or form- factors required!

»>In B— D(*)'rl/,, observed disagreement of experimental and SM

prediction.

Can current precision on charm meson decay constants/form factors

enables to search for New Physics in charm?

What are the most appropriate observables?

» NP in branching ratios;

Most convenient and general approach: D — K™y
Effective Lagrangian to describe NPin ¢ — sly; transition » NP in forward-backward asymmetry;
D — Kly

4G R
Logp = =5 Ves Y Y %0 + He.

b=epn,7m 1

(£) = N (i5,A ) €
Osy = (SPre) (e Pe) ('591{1 =1
Simplest proposal for NP

(€) ,
OL(R) - (“"PL( R)") (”II)R[) scalar/pseudoscalar

p operators
Oyr = (57 Pre) (7" PL)

Giulia Casarosa

» NP in transversal muon polarization;

» Right-handed current D — Viv

|

B

» In order to get tight constraints on NP one needs:

b) High precision experimental studies of all observables.

a) Lattice calculations of form factorsin D — P and D — V;

|

3rd B2ITA ~ LNF

37



