ACP(KW), AFB(K*K_I_{_) and DY miXiﬂg
as probe of 4th Generation

Mikihiko Nakao

for the Belle collaboration

KEK., IPNS

mikihiko.nakao@kek. jp

at the Second Workshop on
Beyond 3 Generation SM
2009.1.15, Taipei




4th generation and Belle physics

2!4 4 generation Cabibbo-Kobayashi-Maskawa Matrix
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® Unifarity friangle does not close
® Many effects on loop processes (Acp(Km), Apg(K*€€7), .. .)

® Large contributions to charm decays (D" mixing, CPV)



Belle/KEKB history — 1 ab™ @

Luminosity of KEKB
OCt 1999 Dec 2009 Crab Crossing
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Acp(Km) and Kt puzzle

(Belle S-W Lin ef al.,
Natured52,332(2008) 535MBB)

_NB— ))=NB - f)
NB — f)+ N(B - f)

p4

CP

Acp(K*117) = —0.094 + 0.018 + 0.008
Acp(K*1°%) = +0.07 + 0.03 + 0.01

Differences:
® Color suppressed diagram
® EW penguin diagram

Both are small in SM,
the lafter could e large in NP

100

Sum rule

6[(71 —
Acp X F(K+7T_) + Acp X F(KOH+) — 2Acp X F(K+7TO) — 2Acp X F(KOHO)

Acp(Km), Apg(K*€*¢~) and D° mixing as probe of 4th Generation — Mikihiko Nakao



Acp(Km), Apg(K*€*¢~) and D° mixing as probe of 4th Generation — Mikihiko Nakao — p.5

Branching fractions and A-p(B — K°r")

KO 07.(0
Branching fraction measurements gs L | T
(Belle PRL99,121601(2007) and S |
Belle PRL98,181804(2007) 535MBB) BRI
Acp(KOrt+) = +0.03 + 0.03 + 0.01 - T
B(Kmt*) = (8.7 £ 0.5 + 0.6) x 107 o 7

BK* 1) = (19.9 + 0.4 + 0.8) x 1076
B(K ") = (12.4+0.5+0.6) x 107°

Events / (2.5 ps)

K7’ mode requires tfime-dependent
measurement
(Belle arxiv0809.4366(to appear in PRD), 657 MBB)

Acp(KO1%) = 4+0.14 + 0.13 + 0.06 T

BKr") = (8.7 + 0.5+ 0.6) x 107
S(K'7%) = +0.67 + 0.31 + 0.08

© oo
o

, .
B
T[T TT T[T T[T j T TIT[TTT[TT]

Asymmetry
o eoNe
S 7 T JT [T

0.4

' -0.6
Acp(K°) violates the sumrule by 1.9¢ 02,
(but BaBar's result is in a opposite direction. . .) R



B — K7t prospects

® BF measurements are
adlready systemartics
dominated

® A-p Mmeasurements will be
systematics dominated

with ~ 10 ab™
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b — st

BB — Xyy). Arp(B — K*¢*¢7) and B(B — X ,£™{™) are direct probes
of Wilson coefficients C;, Cy and Cyo as functions of 3(= g*/m)

B(B — XSY) X |C7|2
1
AFB(B —> K*f-l_f_,' §) = —Clocf(é\) [Re(CQ)Fl + §C7F2]

2
dT(B — X.L*07) (aem )2 Gimy |V, Vil
ds - \4dn 4873

>
x [(1 +28) (ICol? + IC10P) + 4 (1 " g) G, + 12Re (C7C9)] + cor.

(1-39)°

Key features:
® Size of C; from B(B — X;Y)
® /ero crossing of Apg(B — K*€*{7)
® C,Cytermin B(B — X 767)
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B — K¢t ¢

(Belle J-T Wei et al., PRL103,171801(2009), 657M BB)

® \Very small branching fraction ~ 107° or less
But branching fraction is not very predictive

“Wl00 F

% [
280:-
LO

~ 60 F

ey W 20

0

M, . (GeV)

® \arious ratios (Forward-backward asymmetry, Fr,

4240 - -

CPV, isospin, lepton flavor, etc)

® Three-body decay:
® Observables as functions of g% (g> = m2,,.)

AN A

—&— Belle
B 3K'FF - —— CDF
— .
m:ﬂmmfzﬂw
B 2KFI . ?fh;f;;:;mswmx
L L x107
1 10 10°
: Branching Fraction
1.2 5.2 5.2255.255.275 5.3
M, (GeVic?) (SM suffers from form factor uncertainties)
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App(B — K*'{7(7)

Angular distributions to extract FB asymmefries

K* longitudinal polarization F; from kaon angle 0
2F), cos? Ok + 2(1 — F)(1 — cos? O)
Forward-backward asymmetry Agg from lepton angle 6,
2F(1 — cos® O0¢) + 2(1 — F1)(1 + cos? O) + Apg cos O;

cos Oy

(2

App  O=7C7

Events / 0.25
Events / 0.25

‘ L [EEI RRRIN BRI
4 6 8 10 12 14 16 18 20
qZ(GeVZICZ)

® Opposite sign C; is favored
® 2./ o deviation from the SM

cosfy, cosfy,
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B — X.£7¢ (Belle 657M BB, preliminary)

® Sum-of-exclusive analysis
X.=K+nn(n=0.4)
(sum of K¢+¢—, K¢, high-mass X, 7€)
Updated with 4.5 fimes dato
and analysis Improvements

® Backgrounds

® Semileptonic B decays,
confinuum gg

® [eakage from J/yY and ¢’ veto
® B — X;n"ri~ (double mis-id)
® (3770), Y(4040), Y(4160) — €L~

® B — X .(lv) - X v (single mis-id
+ random slow 7t replacing v)

2 521522 5.23 5.24 5.05 5.26 5.27 5.08 5.50 5.3
M,. (GeV/c?)

100 signal for entire M(X;)

Events / (0.0025)

80F
sof
wf
20F

...................................
03 521 5.02 5.03 5.24 5.25 5.26 5.27 5.8 5.50 5.3
M,. (GeVic?)

3.00 signal for M(X;) > 1.0 GeV
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6 210° ~ 077%0°
v o o 10
oS . 3 2 06 = & (log-scale)
>, F I 5 05
© - I 3
= F o :
B o f - o O B
X 3 5 © 0.3 S 122 (Gzeo\//cz)§5
T .
Q 2 —“i_ ¢
% E } 0.2 I
1 — = 0. I
Oo.:zi'b.éib.é”'l”i."'ifzi"lfé'ifé”z R N ';o' T 25
Mass(Xs) (GeV/c 9) g2 (GeV/c?)?
BB — X £*7) = (3.33+£0.80 ) x 107°
[72 > 0.2 GeV?/c?, extrapolated for /i, ¢, and M(X;) > 2.0 GeV]
HFAG average: 8 = (3.66 1276) x 107 ®» Flipped-sign C;
SM (Aliet al): Bgy = (4.2 +0.7) x 107° s disfavored. .,

C; sign-flip (Gambino et al): B o = (8.8 +1.0) x 107°
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b — st~ puzzle?

ACS] (10)

SM C7 sign

T ]

- 1l 95% CL C¥'imy) < 0
10}
5l
ol

_5-_ 111111111111111111111

-15 -10 -5 0 5

ACS (1)

ACSG (uo)

flipped C; sign

15_ """"""""" effl """ ]
10}
5l
ol . SM
_5—_ 111111111111111111111
-15 -10 -5 0 5

ACS (1)

by U. Haisch for new HFAG results, based on PRLY4,061803(2005)

® B — X, 7¢ results prefers SM-like signs (C;Cy < 0)
® Arg(B — K*¢*¢™) prefers opposite signs? (C;Cy > 0)
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D' mixing and CPV

0 0
I\/I|X|ng (D e DY) occursifx#0ory#0 46 bl
. mo I'h — Fzr F1+F2m mq + mp
r= = Tor T Ty T T
MASS agens’rcﬁe flavor eigenstate
D1, = pDY + gD° DY%cw), D(cu) - ——
i d,5,b,1

® SM short distance — x, y are extremely small (O(107>))
® SM long distance — could be O(107?)
® Non SM effects — could be O(107?)

CPV — both in mixing and decay
® SM Mixing — Ay < O(arg(V* V) ~ O(107)
® SM Decay — Ap < O(arg(V:,V,s) ~ O(107°) (ine.g. D — K*K)
® Inferference befween mixing and decay — ¢

Al
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D' mixing methods

Observable are combinations of x, vy, Ay, Ap and ¢

® Decays to CP eigenstate (e.g. K*K™) &)
(DY - K 7t") B Apm .
D' S KK 1 =ycosg X Sin @

2
® \Wrong sign semileptonic decays
P(D° - KO ¢v)  x*+y°
P(D? — K&-¢+y) 2
® \Wrong sign hadronic decays (D — K*n™)

Complication due to doubly Cabibbo-suppressed decays,
Sensitive o 1'% = (xcos & + ysin §)*> and v’ = ycos 6 — xsin

Lifetime: ycp =

Any mixing, sensitive 1o Ry =

® Time-dependent Dalitz analysis @5
D — Kin*n~ — many involved modes K**r*, KpY, . ..

Direct extraction of x, y (and p/q)
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0.30
(DY - K*K~) — t(D° — K*K")

(DY — K+K-) + 7(D° — K*K

P
q

D' m
Ar
[(

KtK=, it~
Ycp (131
Lifetime difference

. — [N

<C I

G1'd — oeeN ONIYD{IA — UOHEISUSY) Yif JO 9qoid se Surxtur (q pue (_7.2.) &y (1) 42y

(Belle PRL98,211803(2007) 540 fo

Lifetime measured
Tag D'/DY from D** — Dn

K™ 7t



D" mixing ycp in K*K™ K

16

ON
. Lifetime difference: av g !
DY — gng vs DY — [ag,fg,fS]Kg : i ya %OFF
(CP-) (CP+) 3|
(Belle PRDS80,052006(2009) 673 fb™) 2
? )/' ‘\

100 105 110 115 1.20
Dalitz analysis of K*K™ K} s0 [GeV? /et

(with flavor specific [a], f,", £, 1K)

10°

=
R
T

Yep = 1 (TOFF — TON)
cp =
fon — forr \Torr + TON

= (0.11 £ 0.61 + 0.52)%

Events per 0.1 ps

Acp(Km), Apg(K*€*¢~) and D° mixing as probe of 4th Generation — Mikihiko Nakao —p
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Wrong sign measurements

Leptonic (DY — KT ¢€7v)
(Belle PRD77,112003(2008) 492 fo™ 1)

® AM = M(Don_jlow) — M(DY)
® Missing neutrino —

kinematic constraints pimiss, Mmiss. Mpo

Rpp(~

X

) < 6.1% 10

Hadronic (D — K*7t™)
(Belle PRL96,151801(2006) 400 fbo™)

® Large DCS component, precision
fime measurement

xX'?<72x107%, 1y €[-9.9,6.8] x 107°

Events/ 100fs

200~ WS, muon mod
- SVD-2

150

100
N L

eV/c

S50
!

Events

ol

16<t,<20
) y
x“/d.o.f. =43.3/40

0.14

016 o
AM [GeV/cz]

18

1000 +
500 -
: /' )
0 VA

HLXKHEN ,
/'0‘0’0’0’0’\

[ ] Sk;ﬁal ,
Random & D3body
¥2%4 Combinatorial |
Mixing (95%UL)
' Interference (95%UL

L L
N—r

e

4000
Proper time (fs)

Belle sees no D mixing in D' — K*n~ although BaBar saw 3.90 evidence
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DY mixing — time-dependent Dalitz

- 3
(Belle PRL99,131803(2007) 540 o)) O
M(m%, mi, t) N>
= 2 A(m2, m?)[e7M! + e7M!] 5
+%gﬂ(m3, m?)[e" Mt — 7] ~ .
(/\1,2 =myp—il'12/ 2) E

A =Y (bxCF, 8_><CP, 5xDCS, NR)
Fit IM|? and |[M|*> with m?%, m?2, t

x = (0.80 + 0.29 ig}g %
_ +0.10y0
y=(033+£0.2471,)% .
_ Au _ +0.30 +0.10 5

p/gl =1+ =% =0.867159 "9 ; N—

¢ = (—0.24 )20 + 0.09) rad
§0.12 | | o 7
zi 01 * +% ------- —— _+___J~* ’ e

0.08 T\» | _ .
-2000‘ “ (5 “ ‘20100‘ | ‘4000 ) ‘ ‘

Proper time (fs) 1 0 1 2



D mixing/CPV status and prospects

B. Golob at FPCPQ9

1 5 """""""""" * """""""""" """""""""" """" . 1 G
m b i mze
I(?HEP 2008 . 36

N X

expected sensitivity

only KK/nt, Kn and
Kt projected
sensitivities included

HFAG 2 fit
50 ab’
x=(0.793+0.087)% 0

y=1(0.798 £ 0.062)% | S - > 9 O

Arg(a/p)

S . i
i O

T

R, =1(0.336 £0.001)%

0 mixing as probe of 4th Generation — Mikihiko Nakao — p.19

%:0.91%0.055
P 15702 04 06 08 1 12 14 16 1.8

Q = —001 i 0049 I'ad E. Barberio et al. (HFAG), arXiv:0808.1297 /
& http://lwww.slac.stanford.edu/xorg/hfag/ Iq pl
A, = (-0.1£0.3)%
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summary

® Many infriguing results from Belle, hopefully useful hints for
new physics, including 4th generation quarks

® Still somme more data 1o be analyzed by Belle
® Belle Il future seems to be bright @9

D

/O

Belle 11
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SRR O.tiine I

New Physics CP Violation in

b > s & bs — sb Transitions L aa . .
George W.S. Hou (1 #72) ' Tr_AB_KTTﬂ AB_K»“—

National Taiwan University I1.  Consistence and 4 x 4 CKM
September 5, 2008, Beyond 3SM @ CERN m sin2q <0 and Large

V.  Apg(B = K*I7I") and Other Predictions

V.  Conclusion

' I_Belle 2008 Nature: Simple Bean Count

AA = Ayino— Ay = +0.164£0.037  4.40
LETTERS +0.07+0.03 vs —0.094+0.020 NATURE Vol 45220 March 2008

Cafa*
750

.AA +E]4050i0.025 —EI.OQTJLO.OQ 0
q kn = Ap g0 T Ppgta T .
=+0.147+£0.028 >56 Experimentis Firm

Why a Puzzle ? A4y, ~ 0 expected

00 |- M(B® = Ktr7) o (T + P) =|re'®3 4 ¢¢ !
§ w0 g VZM 40 = Mg x (Pewy 470 "=
: -
B e Large C ? —> A lot of (hadronic) finesse
ki 00 Baek, London, PLB653, 249 (2007)
£ C ar fi nl?
Yot Large[EWPenguin|?——> [N;04 NP CPV Phase
00 : 5 ii i Pg, has practically
d no weak phase in SM
o B- y K- 4+h Gen. in EWP Natural
' u u nondecouplin
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BB — X.v)

Background subfracted

un’rogged somple

lepton-tag

Photons / 50 MeV
N
o
o
o L] L] L] I

Photons / 50 MeV

| b s
P

Efficiency corrected
_andaveraged

. Photons / 50 MeV

(Belle PRL103,241801(2009) 657M BB)

B(B — X,7) = (3.45 + 0.15 + 0.40) X 10* (for E, > 1.7 GeV)

® The most precise B — X;y measurement

® HFAG: (3.57 + 0.24) x 107* vs SM (3.15 + 0.23) X 107 (E, > 1.6 GeV)

® Systematic error is dominated by off-resonance subtraction
and B backgrounds other than B — 1°/n (syst=stat for E, > 2 GeV)

T P T
22 24 26 28
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B — X.£7¢ by Belle — table

oin Nsig eff.(%)  B(107)
M(X;) (GeV/c?)

(04,0.6) 1044+115+1.8 844798 | 47+057)"
(0.6, 0.8) 04+3.0+02 38672 | 0.0+0.3+°%
(0.8,1.0)  79.0+11.6+05 3.89% | 7.7+1.1+3
(1.0,1.4)  237+105+03 1.68%77 | 54+24%)°
(14,200  325+165+09 099715 |12.5+6.3"1
Sum (0.4, 2.0) for Xt ¢~ 30.3+691)7
(Sum (0.4, 2.0) for Xse*e™ 40.4 £9.8*2%)
(Sum (0.4, 2.0) for X,u*u~ 18.4 + 8.8 *13)
7* (GeV?/c?)

(0.04,1.0) 361+78+01 240+ 57+12%7
(1.0, 6.0) 740+153+04 348702 81+1.7112
(6.0,144) 649+16.6+03 220+ 11.2+29*%7
(14.4,25.0) 62.8+11.0+23 744" 32+0.6+05

—1.17

sum up



