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are Decays, Mixing and CP Violation SuperB
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—Rare Decays - |
D°-vyy, D°-uu, D°-ull

RARE EVENT AFTER 372 YEARS

Mixing

CP Violation



—YY SuperB

Why? FCNC forbidden in the SM at tree level
! . N
v NV
B(D’—yy)y,=3x10"" P Vector Meson Dominance
B(D'5yy),,=120.5x10"° D° g Burdman et al.
¥ ¥ip=1=0. arXiv:hep-ph/0112235v2
Y
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Weak Mixing Contribution Unitarity Contributions

B(D'—yy)<27x10"° CLEO Collaboration: PRL 90 101801 (2003)

( )

B(D"—>yy)<22x10"° 90%CL BaBar Collaboration:  arXiv:1110.6480v1 (appr. by PRD)
(D’ —yy):05x1077 (20/') BESIII Collaboration:  arXiv:0809.1869v1
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B
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B(D">yy):500 b 'at W(3770) SuperB Collaboration SuperBunder evaluation
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U=y SuperB

Why? Test for AC=1 weak neutral current \ ’

B(D = uw)=B(D"—u'uw),,=3x10°B(D'—yy) BURDMAN & SHIPSEY
( )=B( ho ( ) ArXiv:hep-ph/0310076

arXiv:1003.2345 « SD contribution (~107°)

allows for NP
enhancements, but LD
need to be “under control”

LD contribution related to
the 2-photon channel
need to be understood to

interpret any signal found

Precision(D’—uu):0.5x10"’ BESIII Collaboration
20 fb' (full program arXiv:0809.1869v1

.. 0 , -8 £\ |
Precision(D"—uu):1.0X10 SuperB SuperB Collaboration <: Expected

I 1 month running at charm threshold__| \oud// arXiv:1008.1541v1 sensitivities
0 ] -8
B(D" —uu):<1.3X10 LHCb Collaboration
I 0.9 /b~ (2011 run) _J LHCb-CONF-2012-005
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Why? Test for AC=1 weak neutral current

(1/ge) dr/dm,,2 [GeV 2]

®
7\ arXiv:1008.1541v1

Channel s“nerB Sensitivity BR (th.)

UL (expt.)

D° — x0Tt 2x107% 0.8x107% 4.5x107° (CLEO)

DT — atete 1x107% 2x10°°

< 3.9x107° (D0)

D% — 7le* T 2x 1078 —
DY - h ¢t (h=mK) 1x107°® —
Dt - h e ut (h=7,K) 1x107® —

< 3.6 x 107° (CLEO)
< 3.4 x 107° (CLEO)

BURDMAN & SHIPSEY

D%->p% & @

D0->00 ¢ e ArXiv:hep-ph/0310076
Ir“l‘llllrlr‘l‘ :II|I1II
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| | |
h 1074 =
— E 105 =
- Dashed: SD { =
o Solid: SD+LD 0 E
1" " Dotted-dashed:R-violating SUSY N -
0{2 0!4 {}!6 0!8 l.lt} 1.2 1078 0.2 0.4

Mge [GeV]

0.6
M [GeY]
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superB

M, =M ,=250GeV

M ,=2M,=500GeV

M ;=M ;=1000GeV

T
M= M;=250GeV]
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D—uee SuperB

Why? Test for AC=1 weak neutral current \ ’
SO\ i
arXiv:1008.1541v1
Channel s“nerB Sensitivity BR (th.) UL (expt.)
D° — wl¢tg 2x107% 0.8x107% 4.5x107° (CLEO)
Dt - gtete- 1x107® 2x107% <3.9x10°° (Do)
D% — nPe*puT 2x 108 —
DY - h ¢t (h=7m,K) 1x107°® - < 3.6 x 107° (CLEO)
Dt - h e*uT (h=n,K) 1x107"® — < 3.4 x107° (CLEO)

BURDMAN & SHIPSEY
D> o e ArXiv:hep-ph/0310076 D'>r el e

T I T T | T T T |
-4 | _
. 1074 —sM ]
— = (In,l1ID Mg:MZIZQ,SO GelV
_ & o
; 106 |- -~ & S M ,=2M,=500GeV
o, R TI ~, 100
s 5 M =M ,=1000GeV
S -
S 108 T T B i
e - | . — —
< - S -8 M ,.=— M ,=250GeV|
= " Dashed: SD ‘. = 10 P2
., | Solid: SD+LD
19" I"Dotted-dashed:R-violating SUSY B
: [ I 10710 . P -
0.0 0.5 1.0 1.5 0.5 LG 1.5
Mgy [GeV] Mgy [GeY]
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Rare Decays, Mixing and CP Violation SuperB

Rare Decays

—Mixing
Xy, ¥p: BaBar, SuperB at Y (4S),
SuperB+BESIII, SuperB at W(3770)

CP Violation
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Charrm Mixing: an introduction SuperB
Neutral meson systems exhibit mixing of mass eigenstates u
|P1,2> where:
I I
d |P1> M11_§r11 M12_§r12 |PO> . |P0>
I— = —5 | 0
dt P > * l * * l * PO> eff P0>
R Y A |
. — q°+p°=1 normalize the wavefunction
[P ,>=p|P >%q|P >< q_\/M;—irjzlz
p \ M,—iT},/2

M, =M, T, =I,, «« CPT INVARIANCE

I r
Heff:M_E I Mn:Mzz,rﬂ:rzz,s[M—”]:o — CP INVARIANCE
12
~ 1—‘12 .
I[—=]=0 « T INVARIANCE
M12
AM
Mixing is often expressed in Ap=#="Tp
terms of the two parameters: AT
p=Y=or




Charrn Mixing: x, and y, from BaBar

arXiv:1008.1541v1

T T T 1T T T TT ‘ [ L_ T T T T T ‘ L
- W wE () [ k=’ (xy")
. Il Khh (x,y) — 1-5 ¢ fit contours
— L2
0.04- [l kv (x%y)

e
e

;/ (a) BABAR ‘ Ny
i 482 fb™! N
y i BN
D |

0.02¢

02

0.0

xpX10°= 310775 |
e S yD X 1 O 3 — 10. 1 O+1.69 o

o £\

superB
| - 4

“Golden Channels”
D'-Kh'h h=n K

« Self-conjugate multi-
body states

e Combination of CP odd

and even eigenstates

ot =0 (or m)

|»1.72 |

X, and y, directly
measurable with TDDP

BaBar main charm mixing results combined into average values for x, and y,

* v minimization technique

* Correlation effects included in calculations ——p-| /
« (x",y") from TDDP analysis of D° - K* ™ m°

« ycp from tagged/untagged D° —. h*h™ decays
e (x,,Y,) from the combined golden channels

* Results based on no CPV assumption

(x?,y") from WS D° - K" m"decays
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Charrm Mixing: x, and vy, frorn BaBar
O O uper
arXiv:1008.1541v1 \
I I L l -I T I [ ‘ [T L_\ I I- lgI I[/I /:L T T 1 ]
B DR, “Golden Channels
0.04(- rif(’_:_jf_ﬂ_--_.ﬂ_m_ N D'-Kih'h™ h=nK
e (@) BABAR \“\\ i  Self-conjugate multi-
i 482 b ] body states
Yo | N X =,=— ¢ Combination of CP odd
i xpX10°= 3.10;33 | _ and even eigenstates
0.02- yD><103=10.10F};$§ | Lo_8=0 (or m)
X, and y, directly

measurable with TDDP

SuperB
region

. |
0.02

D

BaBar main charm mixing results combined into average values for x, and y,

* v minimization technique
- Correlation effects included in calculations —p-|* (x".y') from WS D —. K" m"decays

. o "o.n . 0 . + _— _0
« Results based on no CPV assumption (x".y") from TDDP analysis of I ~ K 1" 1t
* ycp from tagged/untagged D° - h*h™ decays

e (x,,Y,) from the combined golden channels
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C iarm Mixing: x, and vy, from Supers

Running at the Y(45)

£\

superB
| - 4

: = Jf;FT(“':":.“J‘I gcy) —] ﬁxoxflfiigtgurs : “GO|den Channels”
N E ) arxivi1008.1541v1 - D'-Kh'h h=n,K
| i (@) Super B 4S only | « Self-conjugate multi-
i 75 ab-! ] body states
. 4 — * Combination of CP odd
Yo | - xpX10 —Xqug s | and even eigenstates
: yDXIO yyy+P 19 I e &r=0 (Or TE)
0.010f \ X, and y, directly
T e measurable with TDDP
i S |
| . i
0 65.15%55
XD

SuperB (4S only) projection of BaBar main charm mixing results combined into average

values for x, and y,

* ¥* minimization technique
« Correlation effects included in calculations —»
* Results based on no CPV assumption

o (x?y") from WS D° - K" mrdecays

e (x",y") from TDDP analysis of D° - K" ™ m°
« ycp from tagged/untagged D° —. h*h™ decays
e (x,,Yp) from the combined golden channels
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Charrm Mixing: x, and y, frorm Supers + SuperB
DE‘Q]“ arXiv:-1008.1541v1 BESIII can measure strong phase in \—/

R s “golden channels”

Iﬁ

| o -0 i “« ”
B e e o ) _ Golden Channels
| K (xy) KT (By) 1 ‘ 0 0 -
0015+ 15 o fit contours | D —>K5h+h h:T[,K
] (b) SuperB + BES I | « Self-conjugate multi-
I ] body states
Yo b ; — — * Combination of CP odd
. xpX107=xxxH0.42 |~ and even eigenstates

g

yD><103=yyy%O.17| * 0 =0 (orm)

0.010F F=—— X, and y,, directly
P . e measurable with TDDP

“Strong phase 0"
From BESIII

SuperB (4S only) projection of BaBar main charm mixing results combined into average
values for x, and y, combined with expectation from BESIII strong phase measurements

« %* minimization technique © () ;rom \4VDSD[F’)0 - ’f TT_d‘f*C'%yS N
. Correlation effects included in calculations —pp-| X" from analysis of D - K'm mt

: « ycp from tagged/untagged D° —. h*h™ decays
* Results based on no CPV assumption (X, ,Y,) from the combined golden channels
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Charrn Mivind: M 7N
Charm Mixing: x, and vy, from SuperB SuperB

]“r“r]J cll 'I: IS ’J(J//J>Supechan measure strong phaselnU

A “golden channels”
i m ’,’(’;h g;j ------- ] KC7x, Y ) j “Golden Channels”
X/E{ £ : ': K ’
0015_ Gy —150fl(taﬁgntours ; D0_>th+h_ h:T[,K
" (c) Super Bwith 500 fo” aty(3770) « Self-conjugate multi-
i arXiv:1008.1541v1 | body states
Yo — =— + Combination of CP odd

xpX10°=xxx H0.20 | and even eigenstates
yD><103=yyy_IO 12 2 | * 3 =0 (orm)

0.010} X, and y, directly

measurable with TDDP

“Strong phase 0"
From SuperB at W (3770)

SuperB (¥(3770)) expectation of main charm mixing measurement combined into average
values for x, and y, end expectation of strong phase measurements

* ¥* minimization technique " (x%y)from WS D° - K" rrdecays

. Correlation effects included in calculations —gp-| (") from TDDP analysis of D' — K

: * ycp from tagged/untagged D° — h*h™ decays
* Results based on no CPV assumption (X, ,Y,) from the combined golden channels
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Charrn Mixing, x, and y,: improving the  gnarp

piCture Fit zx10° yx10° ° =0 U

Ktr— Ktr—
BaBar (a) 3.017312 10.1071:53 41.37220 43.8 +26.4
Stat.  (2.76) (1.36) (18.8) (22.4)
o
- SuperB (b) zrxlyl: rrw4+0.19 zoxlyl  zzalil s’ \B
Y(4S) Stat.  (0.18)  (0.11)  (1.3) (2.9) lperk
SuperB|+| BESIII E rrr £ 0.42 zrxx £ 0.17 zxx £+ 2.2 xmxfg'_i 1OO8A:>5(2/1: ’
Stat.  (0.18) (0.11) (1.3) (2.7) OFIV
¥(3770) SuperB @ rzrr £ 0.20 zxx £0.12 zzx £1.0 zeze £1.1
Stat.  (0.17) (0.10) (0.9) (1.1)
FE v T R By 3

| Kz (x'2%y) | et i L K (x'%y’) e
0.019 40.0148 — 1-5 ¢ fit contours %019 —_ 1-5 fit contours
[ (@ Super B4Sonly 1 i (b) Super B + BES Ill T r (c) Super B with 500 ! at (3770

bl| | cll | d

Lo iy

Yo .

0.0j ‘ L e — —

0. 00Xp 02 0 Ap 0005 D 0 XD 0.005

Is it possible to further reduce the systematic uncertainties from Dalitz plots analysis? Maybe, using a model-independent
approach: Bondar et al. Phys. Rev. D 82, 034033 (2010)
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Rare Decays, Mixing and CP Violation SuperB

| -

Rare Decays
Mixing

—CP Violation
Indirect , direct, Aacp, Time-Dependent

CPV
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| Effective values: |
| D" (xp, yp)
| D'=(xp,¥p)

SuperB will be sensitive at 30
level to a difference

Xp=Xp (¥p=¥b)
of 5(3) x 10™ in the average x (y)
value.

If observed and if they were due
to CPV in mixing they would
provide a measurement of

X;):|QD/PD|XD
Xp=lpplaplx,
z =z~ N 1_|QD/pD|2
<Z++Z_) 1+|QD/pD|2
a,#0— CPis violated in mixing

a:

z

£\

superB
\

SuperB estimates for uncertainties in
CP violation mixing parameters

arXiv:1008.1541v1

Strategy Decay o(lgp/pp|) X 10% o(¢pn)°

HFAG (direct CPV allowed):
Global * fit <All modes> +18 +9

Asymmetries a:

Tp <All modes> +1.8 —
Yo <All modes> +1.1 —
Yyop KK~ +3.8 —
Yy K™ +4.9 -
z'? K'tr~ +4.9 -
z" K*tn—n° +5.4 -
y" Kt n° +5.0 —
TDDP (CPV allowed):

Model-dependent KShth~ +8.4 +3.3
BES IIT DP model KYhth™ +3.7 +1.9
SuperB DP model KOhth~ +2.7 +1.4

SL Asymmetries asr:

75 ab~ ! at 7(45) X luy +10
500 fb—! at ¥ (3770) K +10
500 fh~! at ¢ (3770) X vy TBD

15



Direct CP Violation In charrm SIIIIBI‘B

aépzr(Dsz)—r(D:Z%f) f f +
I(D°—f)+T(D"~f)

Standard Model expectation: dgp~O(107°—10*)

SuperB sensitivity to CPV : 6=3x10™

The same decay channels have already shown hints for CPV in charm

. At o
AAcp = Acp(KTK™) — Acp(ntn™) = AAZ, + # AZS

= O 0-02 ) ‘ R \ T T T
TO B AA_, LHCb Prelim. 0 N \ AA_, CD!
~ ¥ o} violation NS — 7]
<10.015 i:m:::?:r 58 ™ Buvalue =8.04x10° _ ”m”&"g’;ﬁ:ﬁ
LHCb l 77 8A, CDF j]: 2_qu_ o : 5; A, LHCD |
relim. R 2 7 AL BABAR |
O measurement : S or phch Prel JsULTS G
0.005 I— C2Z A; Belle LOJLIx \\\\AI‘I-_HCb il
0 0
-0-005 - 3 i
0.0 = AL T T s R T
E N 2-dim 68.27% CL
-0.015 X -2 e 2eieds A5Gk
oppb e N | = T TmERE g
'-6.02 -0.015 -0.01-0.005 0 0.005 0.01 0.015 0.0. —5 —

0. |
ace A (%]
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CP Violation in charm, the closest pi

=a 0.02

°T O m
m March 2012

< 0.015

C

AA.p BaBar
AA.p Belle
= AAp LHCb
I AAp CDF Prelim,
A LHCb
A. BaBar
V7] A Belle

-0.005 £
-0.01
-0.015

KR
Q
-o 02 l L l 11 & "”’

-0.02 -0.015 -0.01 -0.005 O

= il
TTTTT /A

L4 1y 1y

0.005 0.01 0.015 0.02
ace
Data consistent with no CP violation at 0.006% CL
*) Are we really observing CP violation in charm?
*) Could SM account for this asymmetry or NP is showing up?
*) Is it possible to go beyond this picture?

» Theorists are suggesting to double check these results by measuring final states
including neutrals (see J. Brod, A. L. Kagan, J. Zupan- ArXiv: 1111.5000)
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T Y . 2l P
[DCPV In Charm
A. Bevan- G. Inguglia- B. Meadows: .
*)Phys. Rev. D 84, 114009, arXiv:1106.5075 D"

*)"The Time-Dependent CP Violation in Charm"

G. Inguglia, Proceedings of “Les Rencontres de physique
de la vallee d'aoste” arXiv:1204.2303

t=top=zpPyc

AP () o (t) -1 (t) A +(D+Am)e“f’2(|xf|2—1)cosAMt+2S(xf)sinAMt
== = — (0}
- P () 4+ (¢) (1+|A )R /2+h R (n,)
Remember from the mixing
| Al . ~, Partofthis talk:
}\'f: ﬂ elq)MIX L1 elq)cp — i elq)MIXe_2lq)T x:AM
p A if tree-dominated | P AFF
process V=09
A _ 2T
cu triangle Vv
a,=arg[—2—L]=(111.5+4.2)°

us CcS

V.V ~ViV
ud ¥ ¢ . B.=arg[——4]=(0.0350+0.0001)°
- 0((, ub Vcb Vis Ve
_

*

ViV y.=argl —Y o) (6g.4+0.1)
us ¥ cs ‘ V.,V
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Nurnerical Results

7\

superB

q)MIX Bc, eff | X | U
SuperB LHCb|Belle 11 A
Parameter \IJ(3770) \I}(3770) T(4S) cu tnangle
SL SL+K 7f nt T
Oprr = Targ(Aar) 5.7° 2.4° 2.2° 3.0° 2.8° V* VvV
Ooxn = Targirpn)| 3.5°  1.4° 1.8° | 1.8° ud_< \
OBeors 3.3° 1.4° 1.47 | 1.9° 1.7° c X, Y ub Va
O(PKK: Oarg(KKK): P pix Vus VCS
| Experiment/HFAG |02 (0 = £10°) 0. (¢ = £20°)]
SuperB [1'(45)] —_
D0 o gtz — 012% 0.06% & 1.5 no CPV
D’ KYK~ 0.08% ||  0.04% “ e
Super B [\II 3770)]
D° ﬁw 7 (SL) 0.30% 0.15%
D - ntr~(SL + K) 0.13% 0.06%
D’ - KTK—(SL) 0.19% 0.10%
D’ - KTK~(SL + K) 0.08% 0.04%
LHCb
D’ —atr™ (1.1 fb~ ) 0.40% 0.20%
D’ —>K+K (1.1 b= 1) 0.22% 0.11%
D’ = atr™ (5.0 fb~ ) 0.15% 0.08% i B
D’ - KTK~ (5. : .04 - !
2aea (5.0 fb=1) 0.09% 0.04% : HEAG .§§
d = 0N.6 4
Dt o | oo g X(%)=065£048 gis
D° 5 KtK~ 0.10% 0.04% -05 D L L2
[HFAG | 0.20% | (%)
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Summary

Rare Decays

« Rare decays provide information on new physics.

« LD contribution play an important role in D°—yy and D°—u*u and need
to be understood in order to interpret any new physics signal.

« D°—ue'e transitions may help to discriminate between SUSY models,
however measurements could be challenging in hadron machines.

Mixing

» B-factories have provided proof of charm mixing.

« Current limits will be largely improved in the next decade.

« At charm threshold (SuperB+BESIII) the strong phase can be =
measured, adding more “strong” constraints on the mixing parameters. \,; SIS

CP Violation -

« LHCb+CDF: is it really CPV? More work is needed to understand the '
origin of the observed asymmetry. “

« SuperB can measure the effective values of the mixing parameters.

« A time-dependent analysis is a tool to look for CPV in charm and will
open the door to measurements of the properties of the charm unitarity
triangle.




...Many Thanks...
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