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e [ tried my best to keep the experimental reference up to date,
but theory reference is by no means complete. Any omission is my fault.

e | restricted my scope to Rare decays, hence not covering anything about
CKM, mixing, exotic resonances and other beautiful/charming new
results.
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Rare B decays
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Rare B decays for New Physics

e SM is a very good approx. for reality
i.e. ANature =~ Asgm for most processes

e Need to look where Agy is small, in order to be sensitive to NP
e.g. b — s penguins

Find new physics or learn new lessons!

e In particular, we will focus on:

U8

the K7 puzzle

* EWP and related

* purely leptonic decays

* invisible and semi-invisible decays

N.B. Some channels are experimentally clean (e.g. all-charged, low-multiplicity), while others
are very difficult (e.g. invisible and semi-invisible modes).
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Charmless Hadronic B decays
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Charmless hadronic B decays

ey B - K !

Q|
|
o

e tree-penguin interference = a great place to look for DCPV

- extract the CKM angle ¢3(7)
- the “K7 puzzle”: AAgr = Acp(K™7°) —Acp(K—7F) #0
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e enhanced color-suppressed tree?
- Can it be bigger than color-favored tree?

e EW penguin?

- negligible CP phase in SM = cannot affect AA by much
- perhaps, picking up a new phase from NP?

Y. Kwon (Yonsei Univ.)
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CWC, MG, JR, DS, PRD 70, 034020 (2004), YYC, HnL, PRD 71, 014036 (2005)
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77~ (Belle, prelim.)

signal
continuum
----- rare-B
----- feedacross

PRty

signals are extracted by 3D-fit on
AE, M. and event shape
likelihood ratio variables

'o ll‘lll lllllllllllll

B - K*rT B > ntx™
o N =7527 +127 e N =2111 + 89
e B=(20.00£0.34 £ 0.63) x 107° e 5=(504+0.21+0.19) x 107°

e Acp = (—0.069 4+ 0.014 £+ 0.007)
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"1V (Belle, prelim.)

< 500 = Vi
< 400 2
& 300 =3 .
= o signal
5 200 N )
€ 100 E = continuum
2 S S A N TR rare-B
w0 Bt ] ' = aaaa feedacross
025 -10 0 10
S 30 B 3 . :
2300 E 3 signals are extracted by 3D-fit on
250 k& 5
& 200 E = AE, M. and event shape
=~ 150 F = . . . .
2 10 E A likelihood ratio variables
c = -
S 50 E =
w 03 0:5 5.25 5.3 0 0 10

M, _(GeV/c?) R’

NBB = 772M (full Belle sample)
B* = K*#° BT — xtx°
o N =3731 492 o N = 1846 £+ 82
e B3=(12.62+0.31 £0.56) x 10™° e 3=(5.86+0.26+0.38) x 10°
e Acp = (+0.043 + 0.024 + 0.002) e Acp = (+0.025 + 0.043 £ 0.007)
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The Km puzzle, updated

preliminary (EPS 2011)

<1200 ¢
21000f B-K'm____E _BoKm' _
Al - N
= 800 |- g 2 Q ° Belle
5 600 [ - BaBar
= 3
: 7 g s . & €-"=="====== F===>%
AT B T | TN AT DT BT | N _
%2 5225 525 5275 52 5225 525 5275 53 AAgr = 0.127 £ 0.022 (580)
' M, (GeV/c?) My, (GeVi/c?) LHCb —=— prelim. by P. Chang @EPS 2011
%'MUU . E B . K—n_() CDF -
310F Bo KTt __wBelle
o BaBar
T - :
: T B B R R
&_ r L -10 -5 0 5 10
[ 1 | ! | R A P [ 1 | 1 | NI P
%2 5225 525 5275 52 5225 525 5275 53 A o7
M, (GeV/c?) M, (GeV/c?) CP( O)
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DCPV in B~ — nh-
W;,.Lg’c b A

’7(') * intriguing BF’s for

B+E A 7] ’ B W’r _< B—n( )h(*)
L d > KO * DCPV 1s expected
* details may depend on
1 — 1’ mixing
0 (d) K'(K°)
TNG@) 0
u(d)
First observaton of BY —s nkK 0
%250 ;—Bo s K
LI>J200 :
+ 100 [
5I25 /\ 53 52-1; l I 10

AE (GeV) M, . (GeV/c®)
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DCPV in B

N(\_) > 120
% g 100
= o 8o0f
8 % 60 j__
%) C 40f
i o C
§ |_|>J 20;
L ok
o 100f N 200 :
> sof % 160 :
S - 140
o o 1 3
@D a0 E 80 3
S 2of S wf
L . A | S, . . 1 : 1 . JECETN Lﬁ 20 g
52 5225 525 25'275 5.2 5225 525 25'275 Q2 5225 525 5275 52 5225 525 5275
M, (GeVic) My (GeVic) M, (GeV/cd) M, (GeV/cd)
Mode |e (%) Yield X()) B (107°) Acp Y(Acp)
BT = nK* 13.2 2124023 +0.11 —0.38 £0.11 +£0.01 3.8
n~K* | 13.3 201.97271 102 2.074+027+0.10 —0.36 £0.13£0.01 2.9
MK | 4.9 8027559 86 229%000 £0.15 —04240.184£0.01 24
BF — 22.4 4.07+£0.26+0.21 —0.19+0.06 +0.01 £3.0 3  1st evidence!
Ny | 15.3 480.6150°0 19.0 4.244+0.32+£0.19 —0.14+0.08 £ 0.01 1.8
Msxm— | 5.4 138.6715% 12.2 3.63+£0.49+0.25 —0.31 £0.13+£0.01 2.5
B® = nK" DA D 1.2T7555 £0.08 1st observation!
1y KO 4.2 38.0712¢ 40 1.187932 +0.06
N3 K° 1.5 16.27%°% 41  1.48722% +0.10
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Electroweak Penguin B decays
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EW penguin B decays

e one-loop penguin

- suppressed in SM, hence sensitive to NP
- (ex) H™ in place of W™ in the loop

Y Y X7 Y

W~ H~
,’-\f p
b *

b S b-—w-b-s A E,,—D—S
) J
| e—— | e—— | e——
u,d u,d u,d u,d u,d u

e CPV in radiative penguin can be a sensitive probe for NP

e Its cousin, B — X/* /¢~ is interesting, too

- rich structure
- sensitive to several Wilson coeff’s.

Y. Kwon (Yonsei Univ.) Rare B and D decays (@ KIAS Phenomenology Workshop)
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Belle’s legacy on EWP

e First observation of B — K¢1 /¢~
e First observation of B — K*{T /¢~
e First observation of B — X, /¢~

e First measurement of Apg of B — K*/T 0~

PRL 88, 021801 (2002)

PRL 91, 261601 (2003)

PRL 90, 021801 (2003)

PRL 96, 251801 (2006)

e First observations of several radiative modes, ¢K~, K7, etc.

e First observation of B — (p,w)~y

e Most precise measurement of B — X~y
covering the widest E., range

e and many more published results

Y. Kwon (Yonsei Univ.) Rare B and D decays (@ KIAS Phenomenology Workshop)

PRL 96, 221601 (2006)

PRL 103, 241801 (2009)
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Inclusive B — X~

. PRL 103,241801 (2009)
[ a) ]

6000 } """"""" ] 1ooo:—'b')'”I”E'I””I””I””—- 30000:—c) ; IH{II | £
A LTA L
E 4000 - l H} ; E 500 |- “ } { {} - E 10000 i E
2 1 B 1 B I ]
E 2000 H Hm #l ; E 0 H l £ h}* {#I ¥TTI¥1 I&m E 0 T 1
2 T{ g baad }Iirwﬁ;! 2 : {1 ] 2 E
9 0 Iii fHpHT 3 ] 2 {1 £ -10000 ]
) -2000 ”u ﬂ - " oo l . -20000 :
MAIN: Lepton Tag ool (eff corr)
B T S Y S S Y- -100015'“'2 """""""" 4 1418 18 2 22 24 26 28
ES™* [GeV] EY [GeV] ES™* [GeV]

BB — Xsy) = (3.45£0.154+0.40) x 10* (1.7 < E, < 2.8 GeV)
Bsm = (3.15 £ 0.23) x 10=% (E > 1.6 GeV)  NNLO by Misiak et al., PRL 98, 022002 (2007)

600

0.4

B - Xyy Ry LEP B -1v B->Dtv K - puv

500F . . . . 0.35¢

MH>200 GeV

400t

300

200t

100}

00 10 20 30 40 50 60 70 2.

tanf

my+ > 300 GeV @ 95% CL for all tan S
Complementary to direct constraints from ATLAS/CMS!
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Inclusive B — Xs(d)w

| W

=7pRD 82,051 101(R) (2010) e separately studied for low- (0.5 — 1.0)
wo L ) mewy [ and high-mass (1.0 — 2.0) regions of
{ 5l } 3 the hadronic states X;q)
e by a sum of 7 exclusive final states for
each of X;vy and Xy
-0. -0. -A,E(Ge(::; o . 5.22 523 S.ZJ-TIESS.}(!EB:\.;i;)Sl? 5.28 5.29

M(Xs)0.5—-2.0 M(X;)0.5 — 2.0
B (x10°) 230+8+30 92+20+2.3
Xqv /X5y 0.040 & 0.009 + 0.010

(ol i AR LN LA AR RRLLE RARES LALAS RALEN LALLE RARE:

Events /0.025
Events /0.0035

) e The ratio X v /X7 is converted to give
%izs.is *5.24‘5.25s.:zs;3‘.‘5‘;5'.2;";’.29 Via/Vis| = 0.199 £+ 0.022 £+ 0.024 + 0.002

Mes(GeVic?)

3rd error is from theory uncertainty
Projections of AE with 5.275 < mgg < 5.286

GeV/c? and mgg with —0.1 < AE < 0.05 GeV

for B — X (top) and X,y (bottom) in the complementary to constraints from BBs ml)ig%%o
mass range 0.5 < M (X)) < 1.0 GeV/c*. |th/VtS‘ = 0.2061 £ 0'0012—020060

PDG (2010) mini-review on B mixing

Y. Kwon (Yonsei Univ.) Rare B and D decays (@ KIAS Phenomenology Workshop) Nowv. 17, 2011
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Inclusive B — XSV , separately for B® & B*

Events/3 MeV
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Y. Kwon (Yonsei Univ.)

2.4 2.6

e Why separately for B® and B*?

- AA(Km) puzzle is, after all, about the
difference btw B™ and B’

- a possible explanation is in the EWP

- S0, it’s important to study B* /B’
difference in the EWP

e How to do it, inclusively?

- by full-recon. of the companion B
- unique at eTe~ B-factories

B = (391 + 0.91 + 064) X 10_4
Ag_ = —0.06 +0.15 £+ 0.07
Acp = 0.10 £0.18 £ 0.05

Rare B and D decays (@ KIAS Phenomenology Workshop) Nowv. 17, 2011
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B — K&ty

B(B — X 0T07) x 10°

HFAG

—_— Kutp~
August 2010 Kot
—_— KT
—a= K'e'e
== Kfe'e
CDF = K
—— Belle K
—— BABAR =
— New AVg —— IX'"*()€+€
e K
! I
0.01 0.1 1

e first observed in 2002 (K¢*T¢7)

and 2003 (K*¢1¢7) both by Belle

branching fractions are pretty
well measured

3-body decay = provide rich
observables (dB/dq?, F1,Ars, etc.)
to study structure in detail

no signals observed for
CKM-suppressed B — X 0+ ¢~

dBF/dg® (1077/ GeV?/c?)

_ o
___________ -
B —+—
s =

Y. Kwon (Yonsei Univ.)

10 125

q%(GeV?/c?)

15 175 20 225 25
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a?(GeV?/c?)
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B—K'u"u~ coresm

arXiv:1 108.0695

" Arp  "ie
— SM
: - G =M
- + .......... e ﬁ_
ORI Ts 0 s A e i0is i ie e
o? (GeV?/c?) g2 (GeV%c?)
&:&_ 62 (2) B—>K'u"'u' <§ 2E A B—)K* + - . *
;_AT’ soa 15 Lim el Fy: fraction of K* long. pol.
s | T ooe=e 4 Arp: u forward-backward asym.
2 0.5" (2),
" n o I| —+ 4 ﬁT : ;Eanjzifeés; pol. asym.
oF ' i R A=
-1_+_ 4* -0-5:_ 21 O asym.
2 + -15—
% 2'"'4"95"5"1'6'1§;:g';3;jg) 02 "*”'6"'5"1*)"132'1(';"5;5;;3;') First measuremc(zgt of RH-sensitive
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L d 3F 20 —1—3(1 Fr)(1 — cos? Ok)
— = — F, cos —(1-— —
I'dcosOr 2 L KTy L K

1 dI’ 3 3
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B— K'uu

e CDF also measured B(A) — Ap™p™) = (1.73 £0.42 £ 0.55) x 107°

and dB/dq* for B] — outp~ & A} — Aptpu~ arXiv:1107.3753
&:; 355_ BO% + -
S : s> Pu U
% 30¢
= 25
o 20¢
~ o
@ 15¢
= 10
©
° 5 -
g 2 1 obt HITT "y
O 5.3545556575859 6 5 5.15.25.3 5.4 5.5 5.6 5.7
M(uuA) (GeV/c?) M(uuo) (GeV/c?)
(\’l-s 4 [ (\T-\ 2 0 + =
L35 Ap— Ap'w L1sf| Bg—=u'n
% 3 % 1.6 ||
2.5 | 1.4 4
o o 7|
15 - 1
=Nl 1
205 - N\ | Bos|
Qo + Do.4| ‘
-0.5 0.2 T
10 24 6 8 101214161820 00 2 4 6 8 101214 16 18

g? (GeV?c?) o? (GeVZ/c?
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B— K'uu

e also available: results from LHCb
= See “Results from LHCb” by T. Nakada!

Y. Kwon (Yonsei Univ.)

@
™
<

Theory EEEBinned theory

—-LHCb —+CDF

—#-BELLE —¥-BaBar

LI

%

-

LHCDb
Preliminary

10

5 20
g2 [GeV?/c*

Rare B and D decays (@ KIAS Phenomenology Workshop)
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BT — D {T{"

(j
. -v . u
;

i+

D-etet

oaf (@)

0.2 f

il

arXiv:1107.0642

.............
0'%.2 5.22 5.24 5.26

M, (GeV/c?)

BF < 2.6x107°
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é‘+

(+

d

Feynman diagrams for BT — D ¢1/¢'T.

ot
oD CH
0.2 — (b).. .
0.1 —
[
01F
0.2 — .
'o'qs.;' 522 524 526 ‘5.;8‘
M, (GeV/c?)

BF < 1.8x107°

Rare B and D decays (@ KIAS Phenomenology Workshop)

+

 (c) -

‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘

Dy

5.24 5.26
M, (GeV/c?)

5.28

BF < 1.1x107°

not really a penguin, but still interesting

e AL = 2 process, sensitive to
Majorana-type v

“Ov2p3 for B meson”

expect B ~ O(1077)
if 4 a sterile Majorana v with
m € (2 — 4) GeV/c*

Cvetic et al., PRD 82, 053010 (2010)

Belle search with full sample
(NBI_B — 772M)

PRD 84, 071106(R) (2011)
B(D~etet) < 2.6 x 107°
B(D~etpt) < 1.8 x107°
B putpt) <1.1x10°°

o c.f. LHCb search (reliminary)

BBt - K putpt)<43x10-8
BBT - utpT) <4.5x%x 1078

Nov. 17, 2011
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X (2 1 4> search ot really a penguin, but still interesting

PRL, 105, 091801 (2010)

e Searching for X(214) — utpu~—, — .
originally claimed by HyperCP CR I I
collab.  PrL 94, 021801 (2005) S e[ %7 0w o5 o3s om 03
e modes to search for e I TTTR e KA
2 NI IR T
B® — V° X(214) R Y AU
O L O O 0.5 1 1.5 2 2.5 3 3.5 4
where V¥ = K* s P M, (GeV/c?)
e Not only X(214), but generic ERAa] -
. . S -
search in (212, 300) MeV/c? is S [ aomomemozos i
made E ?lTT+ IT|i||l|+|iTill|| [ Ilil
: g [T T
e.g. looking for GeV-scale dark = ?‘ |
SeCtOI‘ OI5;1|52|2I5:I33I54I1
M, (GeV/c?)

B(B® - K*°X,K*® - Ktn—,X — utpu~) <226 x 1078
BB® — p°X,p° - 7T, X - utpum) < 1.73 x 1078
rules out some models for the sgoldstino interpretation of the HyperCP result

Y. Kwon (Yonsei Univ.) Rare B and D decays (@ KIAS Phenomenology Workshop) Nowv. 17, 2011 25



vertical penguins

b — .’M/\J 8 b - - /—
™\
B® Yy w- B° ty  ---
}\/\’\,“’\ /I ZO
d <—0 ~ ~ d - -7 o+

e highly suppressed (compared to EWP), because of

* b — d transition

* the two quarks must “find” each other ~ O(fz/m3)
* B — yv: extra O(aggp) suppression

* BY — ¢+/¢~: helicity-suppressed

e - observation of any signal with the current experimental
sensitivity = NP!

Y. Kwon (Yonsei Univ.) Rare B and D decays (@ KIAS Phenomenology Workshop) Nowv. 17, 2011
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BY = 7y

® (SM) B~ 3 X 10_8 Bosch & Buchalla, JHEP 0208:054

e Analysis procedure

dominant background: +’s from 7°

and n decays
signal extraction by 2D fit on
Mgs @ AE

e Result

* Nsig — 2081_%%2 (180’) corrected for fit bias
B <3.2x 1077 (90% CL)

Events / (0.04 GeV)

W
o
[TTT]

Meg (GeV/c2)

253—(b) M Total —f
C M Comb 1
i B Signal S

| | |
-05 -04 -03 -02 -01 -0 01 02 03 04 05

AE (GeV)
Y. Kwon (Yonsei Univ.) Rare B and D decays (@ KIAS Phenomenology Workshop) Nowv. 17, 2011
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Bl = m'p

® (SM) Burasetal, JHEP 1010:009
B(BY) = (1.04+0.1) x 10=19
B(BY) = (3.2+0.2) x 10~°

e Many NP models predict
enhanced B > B(SM)

e CDF analysis (7 b~ 1)

ot

1+ in the central and
forward regions: CC & CF
loose cut on M P then
neural-net (vy)

* BT — J/¢yKT as a
normalization mode

Y. Kwon (Yonsei Univ.)

15000+

10000

5000+

arbitrary normalization
o o
y L

©

J/p
region
o(M,, )=16MeV />

J /g

analysis

region
- g >

4.5 5 55 .6
M(u') [ GeV/c™ ]

Bd B
sideband JJ 3 ] sideband
-1 i @1 t P
4.8 s 5.2 574“ 56 5.8

M(u'n) [GeV/c?]

(5.169, 5.469) GeV /c?
blinded region

Rare B and D decays (@ KIAS Phenomenology Workshop)

Entries/0.01
2

bkgd. efficiency (%)

—_—
Q

CDF 1l Preliminary 7 fb'
- —— CC sideband sample |
....... CC signal MC samplef

| | | | 7
O 02 04 06 08 1

5 10 20 B30 40 50

NN output

-
- B

signal efficiency (%)
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0 +
BS%MM

e consistency check (top 2 bins)
6] CC 070<v <097 | 0.97<v <0987 0.987 <v, < 0.995 v, > 0.995

p = 0.66% for bkgd.-only

VNP AN \ g = "
S SRR Byt “ p = 4.3% for bkgd.+SM
O 4 =
= NN [ 0 .
. @

S Y \$ \\\ 3 B(B; — u* ™) (all bins)
3 | | ‘ NN _..r,.““.._-_\ Nt * obtained with modified

: CF . <VN< . . <VN< . <V < VN> .
E o] 0.70 097 | 097 0.987 0.987 0.995 0.995 _ frequentlstgapproach 8
S | Background | * 46x1077 < B<3.9x10™
% 5_‘& \\\ B +Signal (SM) i First double-sided
O '™ oo M | 90% CL region

' ' R [ 1.1 _

o. | | | | | | | | 1 | M\M- B — (1'8_l_0.9) >< 10 8
5322 5370 5418 5322 5370 5418 5322 5370 5418 5322 5370 5418 * results cross-checked with

2
m,, (MeV/c’) Bayesian approach

e DO result: B(B; — putp~) < 4.2x107° (90% CL)  PLB 693, 539 (2010)
e CDF also obtained B(B® — u" ™) < 5.0 x 1077 (90% CL)

Y. Kwon (Yonsei Univ.) Rare B and D decays (@ KIAS Phenomenology Workshop) Nowv. 17, 2011



By = 1 g

e also available: results from LHCb, CMS, etc.

= See “Results from LHCb” by T. Nakada!

0.75 < BDT < 1

LHCb
Preliminary

Events/(41.12 MeV/c?)

5000 5500 6000
M, (MeV/c?)

Y. Kwon (Yonsei Univ.)

1.5

Candidates / 0.025 GeV

0.5

CMS 2011, 1.14
[ T ‘ T T T ‘ T T T

fio!

, Preliminary

BY signal window

.| B? signal window

Js=7TeV |

Barrel

7
~Z A,
NN 14 ¥ 10 o

l ‘ l l l l l
56 5.8
m,, [GeV]
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Candidates / 0.025 GeV

1.5

0.5

CMS 2011, 1.14 fb”", Preliminary
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| s=7TeV |

~ | BY signal window

| B? signal window

Endcap

l l ‘ l l l l l
56 5.8
m,, [GeV]
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BY — vU invisible vertical penguin

e strongly helicity-suppressed by O(m: /mg)

87

2
B(BO — Vﬁ) —=TRo GF <

T

2
o @W> FgomimBo\ﬁ — Am2 [m3, |V Via| 'Y ? ()

e NP models predict significant branching fractions, e.g.
1077 < B(B® = 7x}) < 107°
e with Full-recon tagging, Belle searched for B — vv by 2D-fitting to (Egcr, cos 0p)

o 14F 2 25
o ¢ Belle other B bkg Non- S “°F Belle
8 12~ Preliminary 2t Preliminary
(4 P o
g 10:—S|gnal Rare B i
) L
o 8 | 1.y

6F ]

ar s

: i

0:\_ .......................................................................................................................

:... | | PN T ST SRR W N T T Tl Al St W el Sl Tl Tl Rl Bl

P STSTITTRCE TEXPRES
-0.8 -0.6 -0

4 02 0 02 04 06 04
cos Op
BB’ - vv) < 1.3 x 107 (90% CL) cf. (BaBar) B < 2.2 x 10—, PRL 93, 091802 (2004)
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B — KvvV semi-invisible penguin

e (SM) B(B — Kvv) = (4.5+0.7) x 107° (ABSW) JHEP 0904:022 (2009)
or, (3.81)%) x 107° (BHI) PRD 63, 014015 (2000)

o many NP models (e.g. unparticle, SUSY at large tan 8, models with scalar WIMP, etc.) predict

B~ 0(10) X BSM

e BaBar’s new search in two g° bins (p; = 1.5 GeV/c) with semileptonic tagging

high-g? region is more sensitive to NP

229 PRD 82, 112002 (2010)

e 6

- Data " '|—— Data ] a2 —— Data
12 - —a— gaCk%r&@d MC 5 5 —&— Background MC KO E 60 L —=— Background MC
10— —— Signa - —— Signal MC S

50 E —— Signal MC X 10:
s0F i j: E
30 i | 3

N £ » @
| | |
I 1 I 111 | 11
Average Number of Events
N w £
| | l |
| | |
Average Number of Events

Average Number of Events

|

] __— E 20 :_ =

. —A— ] C . ]

- 1 —] ] 10 : - 2 —I_ _+— _:

: L T e e o high-¢° K I

| ) N S S I S I B () | =TI PRI RIS S NS SR B SRS S 0‘.|....|....|....|...'.—'—.‘_._g_._‘
0.96 0.965 0.97 0.975 0.98 0.985 0.99 0.995 1 094 095 096 097 098 0.99 1 0.75 0.8 0.85 0.9 0.95 1

(a) BDT Output (b) BDT Output (c) BDT Output

B(K™) <1.3x107°, B(K?J) <5.6x 107> (90% CL)

e For many other modes, 3 upper limits from Belle & BaBar using
full-reconstruction tagging PRL 99, 221802 (2007), PRD 78, 072007 (2008)
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BT — (Tv, a different kind of rare B
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b ¢ b A
\'A .
B+ B V; , B+ Eggoﬁalam
U Vg U Vg
(a) (b)

G2mpm? m2\ °
LB £ = TG (1T ) v

87 m2

B

e very clean place to measure fg (or V,;?)
and/or search for new physics (e.g. H™, LQ)

e but, helicity-suppressed:

I'BT —wetr,) < I'BT - utv,) < T'(BT = 77v;)
e First evidence for Bt — 771, by Belle

using hadronic tagging (“Full reconstruction”)

Y. Kwon (Yonsei Univ.) Rare B and D decays (@ KIAS Phenomenology Workshop)

PRL 97, 251802 (2006)
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Tagglng methOdS (for Bt — 711 and others)

Bsiq—> TV

(70 % of all T decays)
T—=EeVV, Uvy,

Bum

0
TOTY, T V, 3TV

hadronic tag
B—D"'w, D"rho....

: : e ~0.2%
Require no particle
and no energy left semileptonic tag
after removing B,,, B-D"1v X

and visible particles of B,
slide from K. Trabelsi @ ICHEP 2010
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BT — 1 +VT some recent results

=1 PRD 82,071101(R) (2010)

400¢ —( %
% as0| e tagged byBT — D™y,
L300} . . . . .
S250} - statistically independent from hadronic tagging
£200 analysis
o150
£i100} : : 1 sid
%0} all combined | 20 7 — vy ® signalside
0 0.25050.75 1 0 0.250.50.75 1 — . — — —
Ecc, (GeV) Ere. (GeV) - Use 1-prong 7~ modes: ¢~ v, 1~ v
> 160 > _oF - Egcy, to extract Ng;
$140| ) 13 or + ECL S18
2120] e -l ‘onif . :
S 100l < s0f e Significance: 3.60 incl. syst. err.
2 80| 2 %9, 0.38+0.29 _
5 60| 5 28: BBT — 7Tv;) = (1.54J:O_377_L0.31) x 10—%
w 40 L ;
: 7 : 1.2 _
OO 0.250.50.75 1 0O 0.250.50.75 1
EcoL (GeV) Ecc (GeV)

[

BABAR
preliminary y |
- (hadronic tag)

Events/(0.06 GeV)
3
=]
|

e BaBar hadronic tagging preliminary (2010)

B(BT — ttv.) = (1.80772 £ 0.26) x 10~ (3.60)
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+ + N VN
SL tag { '
 — ——
had. tag{
—

0 0.5 1 1.5

2 2.5 3 5 1 15 2 25

1000 I I I I I | I T T I

| 2HDM (type IT1)

B(BT — rtv) [107%] BR(B—tv)[10]
W. Hou, PRD 48, 2342 (1993) m2 2
B(B" — 77v) = Bgy X (1 — —E£ tan® ﬁ)
Mo+

800

N
]
=)

H* Mass (GeV/c?)
N
[aw]
[«

200

for this plot, we use
B, (B"=1"v)=(1.20+0.25)x10"*
using fz (HPQCD), |V, | (HFAG)

Note:
Bsy = 0.83 £ 0.08 (UTHit)

Bsy = 0.76310 5] (CKMfitter)

0 20 40 60
tan 3

Y. Kwon (Yonsei Univ.)

Rare B and D decays (@ KIAS Phenomenology Workshop)

80 I100
Sensitivity to H* is complementary to LHC direct searches
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B%D( )7' T

® Not so rare, but addresses similar NP issues with BT — 77 v,

T N

PRL 99, 191807 (2007)

— *B " ->D 1ty i Belle inclusive tag prp g2 072005 (2010)
) hadronic tag arXiv:0910.4301
-*‘BaBar hadrOniC tag preliminary (EPS 2011)

LB’ 5D "tV C.-H. Chen and C.-Q. Geng

' SM JHEP 0610, 053 (2006)

B ">D%t v

M. Tanaka & R. Watanabe, arXiv:1005.4306

"B’ >D 1tV

Y. Kwon (Yonsei Univ.)

BF(%)

0.0 0.1 02 0.3 04 0.5
tﬁ/mH:i: (GeV_l)
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Y. Kwon (Yonsei Univ.)

Rare D decays

Rare B and D decays (@ KIAS Phenomenology Workshop)
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Rare D decays

... reason to visit the Sistine Chapel, namely to see o (¢'e” — Hadrons)(nb).

Michelangleo’s frescoes. ... there are wonderful frescoes 10
by other famous masters, namely Botticelli ...

o o : Y(4S) !
Of course, Botticelli is still Botticells, 1.e. a first-rate 5+ .
artist, but what about charm?  eet? “'='* TR S
by 1. Bigi, “Charm Physics - Like Botticelli in the o o L L
Sistine Chapel (2001)” 10.58 10.62

e D meson is the only place to study FCNC and related couplings in the
up-type quarks

(SM) FCNC is more highly suppressed than in B. But long distance effects are large.
e In this talk, we will focus on:
* Dg) — £T vy and fp,

= DOy p+p-
* D — X 00~

Y. Kwon (Yonsei Univ.) Rare B and D decays (@ KIAS Phenomenology Workshop) Nowv. 17, 2011



D;L — €+Vg

® a clean probe for fp,

e 1 > 20 tension between exp. avg. and the most precise L-QCD result HpQcb/UKQCD,
PRL 100, 062002 (2008)

1000 PRD 82,091 103(R) (2010) &

Al ] | Df Sty o BaBar update (2010)

® Search for D, — ¢~ v in the

DKX Dy~ (— D, =) final state in the
eTe~ — CC process

Events / 6 MeV/c?

Events / 0.05 GeV

185 19 195 2 205 2.1

® Select candidates with m,(DKX~)
m_ (DKXy) (GeV/c’)

® Look for Tv (¢ = e, i) signals with
mZ (DKX~¢) and 71 v signals with
EgpcL

D
S

100
40

50

(eTv) < 2.3 x 107 (90% CL)

(uTv) = (6.024+0.38+0.34) x 10~°

05 0 05 115 2 050 05 1 15 2 B(T+V) — (5,00:|:O,35:|:O.49) x 1072
my(DKXyw) (GeV~/ch) m7y(DKXvye) (GeV~/c")

averaging over the modes, fp, = (258.6 + 6.4 + 7.5) MeV
test of lepton universality: B(77v)/B(u"v) = 8.27 £ 0.77 4 0.85, consistent with 9.76 (SM)

20

Events / 0.05 GeV¥/¢*

Events / 0.05 GeV?/¢c*
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D;L — €+Vg

B(DI — 77v) (%)

|||||1|||||||||||||||—r
CHARM 2010
CLEOC 2009 t—n lﬁ . %
CLEOC 2009 t—e H_._q
CLEOC 2009 1—p }} o 4

World average }—‘—{

_LlllllllllllllllllllllIIlIllIIIIIlL.L

4 45 5 55 6 65 7

642 = 0.81 = 0.18 %

530047 £ 0.22 %

552+057 021 %

491 =047 = 0.54 %

454 +053+049 %

5.07 £ 052 = 0.68 %

5.29 +0.28 %

fp. (MeV)
HFAG'Charm lllllllllllIIITIIIIIIIIIIﬂ
CHARM 2010
+ +
| ‘B(DS — 1)
‘ ° 2631+ 73+ 1.8
‘ ‘ B(DI — v7v)
‘ . ‘ 2524+ 6.7+ 1.8
00
S0
Ov
Ii World avg.
—— 2573 £ 5.3 MeV
LLIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII_IJ

235 240 245 250 255 260 265 270 275
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DO — ¢ty

e (SM) highly suppressed

FIG. 1. The SM short distance Feynman diagrams for the
D? — ut ™ decay. R3]
>
o . —18 §
* B(short distance) ~ 10 =
* B(long distance) ~ 10~ g
* NP models (e.g. R-SUSY) may enhance the 5
)

branching fraction up to ©(107°)
e Belle (2010) with 660 fb™*

2

1.5
]
0.5 F

2.5
2

1.5 F
1t
0.5
of
2.5
2|
1.5
1

PRD 82,071101(R) (2010)

[II71 Signal at 90% C.L. BB D’—n'm
2.5 ¢

Combinatorial

DY - utu= DY —sefe™ DV —expT 5%
Nig 3.1+0.1 1.7+0.2 26+02
N 2 0 3
€00 | %] 7.0240.34 5274032 6.24+0.27
UL [10~7] 1.4 0.79 2.6

Y. Kwon (Yonsei Univ.)
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1.86

M[GeV/cZ]

1.88
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D — X /010

e Radiative D decays such as D — p~,
in contrast to B — K™y, are not very
useful for NP search.

.- large long-distance effects

e InD — X ¢/, long-distance effects

may be avoided in certain regions of
M(te).

0.0001

1e-05 ¢

dBr/dq* (GeV~?)

1e-09 [

1e-10
0

Y. Kwon (Yonsei Univ.)

Fajfer & Kosnik, PRD 79,017502 (2009)

1e-06 F
1e-07 F

1e-08 |

e DY 7ty byDO

—
DO, 1.3 fb ! 1

[ |

= i

= 10 ]

=

[

[ @\ |

—

=

S 5

-

=
O....|..:..|:....|....
1.40 1.65 1.90 2.15 2.40

® D) — h¥ete™ by CLEO

m@T ) (Gev/e?)

B < 3.9 x 107° (90% CL)

O_.

AMbc (MeV)

-20 pye

0D > n

J ..‘ O @ o

SRR

50 0 50
AE (MeV)

o)
o

A Mrecoil (MeV
o)
o o

results = next slide

Rare B and D decays (@ KIAS Phenomenology Workshop)
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e CLEO’s search for D — h¥eTe™

D — h-

-5

:e—|—

PRD 82, 092007 (2010)

Channel Nexp  Nobs  C(Nobs|Nexp) B
Dt — ntete™ 5.7 9 9.3 <59x107°
Dt — n—etet 1.3 0 2.3 <1.1x10°°
Dt — Ktete~ 4.9 2 3.2 <3.0x10°°
Dt — K etet 1.2 3 5.8 <3.5x10°°
Dt — xtgete™) 0.3 4 (17558 £0.1) x 107°

7.9 < 3.7x107°
D;” — wtete™ 6.7 6 5.6 <2.2x10°
D — w—etet 2.2 4 6.2 <1.8x10°>
D7 — Ktete™ 3.0 7 9.3 <52x%x10°
D7 — K eTet 4.1 4 5.0 <1.7x 107>
D} — wtglete™) 0.7 3 (0.6755 +£0.1) x 107°

6.2 <1.8x10°>

Y. Kwon (Yonsei Univ.)
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D — hEeFet

~, 35000
> 3ooooE

Decay mode Nsig Efficiency Branching Fraction
DT — nt¢rk 106 800 =+ 500 (15.44 £ 0.07)% (2.72£0.13) x 10~°
Df — nt¢rk 338 900 =+ 900 (15.29 £ 0.07)% (2.32+0.14) x 102
AF =5 pK ™ 488 700 & 2100 (11.99 +0.04)%  (5.0£1.3) x 10~ 2
o, 60000 — _|_ ---------------- _|_ -----------------
> 50000 — b)
3 oo A - pK™m
$ 30000
& 20000
£ 10000E W
54 hoE b06 087 588 509 23 551 532
pK*n" invariant mass [GeV/c?]
S
[}
=
e
]
5

Entries per 10 MeV/c?

. . . . . 2
M(K*e*e’) [GeV/c?] M(K* u*n) [GeV/ic?] M(K*u*e’) [GeV/c?] M(K*e*w) [GeV/c?]
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D — hE¢Fet X

BR UL BF UL BR UL BF UL
Yield Eff. 90% CL 90% CL Yield Eff. 90% CL 90% CL
Decay mode (events) (%) (107*)  (107°) Decay mode (events) (%) (107%) (1079
Dt —»rtefe”  —-39+1.6+1.7 1.56 3.9 1.1 Dt & rete™ 47+474+05 3.16 6.8 1.9
DY - atptp™ —02+28+0.9 0.46 24 65 DT s a utut  —314+1240.5 0.70 7.5 2.0
DY —mtetp”  —29£34+24 121 11 29 Dt s ptet  —514£42+20 1.72 7.4 2.0
DT =7 pte” 3.6 £4.3+1.3 1.54 13 36 Df 571 etet —57414.434 6.84 1.8 4.1
Df — ntete” 8+34+8 6.36 5.4 13 pf - a ptut 0.6+5.1+27 1.05 6.2 14
D —ntptpu” 20+ 15+4 1.21 18 43 Df s rutet  —0247.9406 2.23 3.6 8.4
DY »retp” —3+114+3 2.16 4.9 12 DT 5 K etet —28424402 267 3.1 0.9
Dy =7 pte” 9.3+ 7.34+2.8 1.50 8.4 20 Dt - K- ptut 72454416 0.80 37 10
DY — Ktete™ —3.7+29+33 2.88 3.7 1.0 pt - K putet —11.64+4.04+3.1 1.52 6.8 1.9
DY - K p"p~ —13+28=+1.1 0.65 16 43 Dt 5 K-etet  23+79+3.3 4.10 2.1 5.9
Dt - Ktetpy~ —434+18+06 1.44 4.3 1.2 pf - K utut —-23+50428 0.98 5.3 13
DT - K'pte™  32+38+1.2 1.74 9.9 28 DF » K putet —14.04+84+20 2.26 2.4 6.1
Df - KTete™ —57+58+2.0 3.20 1.6 3.7 AT S petet 15442415 5.14 0.4 2.7
DS — K'p"p~  4.8+£59+1.2 085 9.1 21 A} »putpt —0.0+21+406 0.94 1.4 9.4
Df - KTetp~™ 91+6.0+£28 1.74 5.7 14 AF s putet 10.1 £ 5.8+ 3.5 2.50 2.3 16
DI - KTute” 3.44+6.4+35 2.08 4.2 9.7
AT = pefe 40+6.5+28 5.52 0.8 5.5
AT = put ™ 11.1+5.0+25 0.86 6.4 44
AT — petu~ —0.7+£29+09 1.10 1.6 9.9

AT — pute” 6.24+4.6+1.8 1.37 2.9 19




Closing words

e Rare meson decays (esp. B(;) and D) have been very powerful
tools to search for NP

e The “Km puzzle” remains, and has not been fully understood
yet

e Great advances have been made in understanding the EW
penguin and other related decays

- including invisible & semi-invisible decays and final
states with one (or more) neutral particles
- the strengths of the eTe™ flavor-factories shine here

e Let’s stay tuned for, with great anticipation,

- SuperB & Belle-II
- as well as upgrade plans for LHCb

Y. Kwon (Yonsei Univ.) Rare B and D decays (@ KIAS Phenomenology Workshop) Nowv. 17, 2011
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