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Unitarity Triangle

Using the Unitarity of the CKM matrix in the SM
we can build the Unitarity Triangle.

VaudVap + VedVep + VidVip, = 0

- pti ﬁl\ B>onmon | -1 5ei ]

VUdV:Ib

\?@@%}
Bﬁ%mﬁ; V. Ve, B°—>J/¢Ks

e Angles of triangle from CP asymmetries in B decay

e Sides of triangle from rates for b—ulv, B°B° mixing

Maurizio Pierini- LAL seminar 3




EMC
6580 CsI(T1) crystals

e’ (3 y GeV)

1.5T solenoid ‘ -

DIRC (PID) =
144 quartz bars
11000 PMs  +
‘ Drift Chamber
e (9G€V) 40 layers

Silicon Vertex Tracker
5 layers, double sided strips

Instrumented Flux Return
Iron / Resistive Plate Chambers
or Limited Streamer Tubes
(muon / neutral hadrons)

Asymmetric geometry
(in order to optimize performances for the
boost of the rest-frame respect to LAB)
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With only one CKM term in the decay (A = A)

Standard Model

cC=0 ; S=sin(2pB) -
| predictions
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B mesons pair oscillating
in a coherent state

<|Az|>~200um N<,By>c
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At p.d.f.(from data)

At = trec_ttag

. Mixed B R
‘ - : og'scale’ =
§* events log scale Eg @;Unmlxed = :
S - - Yt events E
a0 @ E

°E T N

IQH M& 1 *
3 ) S L =

é’ —ﬁiﬁ“ 77777777 1 %% -

2 | — )

I e T s R e R T

We can fit directly on data the parameterization of the
Vertex resolution function, using a sample of fully
reconstructed B events
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Mistag (W) measurement (from data)

I
—|At|/T,

e
Fomiea= [ 1% (1=2)cos(Am, A1)]}® R(A1)
Mixed 4-TB
> I
Eﬂ_ﬂ__ d = 0.501ps'1 (flxed to PDG'04) Separately
2 052=(1-20)<1 _due to mistagSmp_oyr/Am, deiizinmiine L
> F for each tag
£ :_ category.

po AL
=

B W . l Overall tagging
-0.2— B— ~*
i performance:
0.4
o . . £=(74.910.2)%
. :_ . - ,
0.8 mix Mi 0 =g(1-2Ww)
_:I | L i i I i =(30-|__Oo4)%)
b0 a5 -0 5 0 5 10 15 20

Delta(t) rec-tag (ps)
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sin23 from charmonium modes

(cc)K’% (CP odd) modes (cc)K’% (CP even) modes

3‘200 E‘

= S 200
3 3

£, £,
§0-5_ 50.5_
% 0 % 0
5-05- E-osl

sin2B=0.722+0.040+0.023 S(J/WK)=0.652£0.039x0.020
(cc)K’%+(cc)K’% 386 M BB pairs

o e...———
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Theory error on sin2f(I)

~ )%

AB° /Y K = Ve Vcb X (E -P ] +| Vs Vun' % (P,cim-P))

4 B°—>J/PK’ is considered the cleanest mode to measure sin2f
4% Hadronic corrections coming from CKM suppressed terms
are expected to be small

% Trying to fit them from data implies effects O(l) on S
(no sensitivity from the BR)
% One can use B°—-J/YT to obtain the bound on the hadronic

parameters of B’—J/YK° ~ )3 ~ )3

a(B° I/ 1f) = |-V V' X (E,-P)| +|Vu Vu % (P cin-P,)

Ciuchini, M.P. and
Silvestrini
hep-ph/0507290

using the experimental
informations (BR, S and C)
as input
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Theory error on sin2f(II)

BR™ % 105 2.2 4+ 0.4 BR®P x 10° 2.2 4+ 0.4 Cih, 0.09 4+ 0.19
Cotr 0.12 4+ 0.24 S —0.47+0.30 | SgpF —0.40 +0.33

1.22 + 0.1} —94 + 41)°
B By e _ p, (—24 + 41)
0.15+ 0.15 (—146 + 50)°
:.-; 3 Solution related to  zems
&
= J/PK (by SU(3)) 3
2 2
= 0.001
=
3
0
n-0.0005

u i &L i i 1 i i i i 1 i i L ..l L i i i 1 &L i i L l o
0 1 2 3 4 G|M 0

P,
We can use SU(3) to determinelthelrange of CKM "
suppressed contributions in J/PK. It is weaker
than fixing the value of the parameter
with SU(3)

GIM
|.Jh4m“
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Theory error on sin23(III)

One can then obtain
on the theoretical error on sin2f

As= 0.000 £0.012

model independent determination

=2
1)

BR™ x10° 85405 |BR™x10° 85+0.5 |C& 0.00£002| g [
Cod —0.01 4 0.04 ot 0.73 +£0.05 | Sin. 0.73 £ 0.04 2
|Fy — Py 1.4440.05 N F
g
2
o

o
(=]
=]
X
T

The Lesson:

4% CKM suppressed contributions are
relevant for CP asymmetries am————y N
They are not crucial for a fit to BR only AS(JK")
They cannot be bound without additional assumptions
Flavor symmetries can be used to guess the order of
magnitude (going further requires to control
symmetry breaking effects)

It is unrealistic for the other channels to be
known better than the golden mode
-
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1
JiyK,, Lepton tags, statistical error
JiwK, mode, statistical error

—— (30|den modes, statistical error

asin2p)

o
=)
3

Current
systematic
uncertainty

N

JiwK, and J/wK | statistical error
All modes, statistical error

0.04

0.02 :
Range of : :
estimated u.r.i : : . _
. : : 1ab” systematic range
systematic ! :
o _1 1 1 1 | L 0 1 I 1 1 1 | 1 1 1 ‘ 1 1 1 | 1 1 1 I 1 1 1 | 1 1 1 | 1 1 1
error: 1 ab 82 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
NMumber of BBbar pairs
(10%)

At 1 ab’!, we can improve sin2[3 by nearly a factor of 2.

o ——.—eee
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0. A work in progress
© N
Original idea: if B>t amplitude is dominated by

the b—u tree process, it is just like measuring sin2[3

If penguins were negligible,
we could extract a directly
from the time-dependent CP

asymmetry for B*—T1TTT. But th yuus
penguins are there b M da 11

u_. Qo L

B
Vy <" %“Lﬁ.

p WP ) '
. = T

_ d d

BO T[+
B
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Time dependent A, (II)

BABAR BELLE
—0.30%£0.17%x0.03 —0.67%=0.16+=0.06

Coi —0.09+0.15+0.04 —0.56+0.12+0.06

G o 40F —1— ; 3
TTT ] o 3[};_ ﬂ} | B tags _;
I m 20F S
75 - E =
S 10F -
05 k- [ E =
-E 4{}%_ T T B T _§
025 - = 3[}5— b) B° tags 3
o 3 . 3
&) = 20F . > L E
0.25 | 108 i =
i | ﬂ - : ¥ T 0 c I ¥ t t i 2
| 0.5 . . B
075 - ‘?ﬁ ;‘EL__SJng_rI_C_\M sample —+—3
b 5 OF — o
- £ = —— 3
1 | | | ] ] | | E _0-5: =
-1 -0.75-0.5-0.25 0 0.25 0.5 075 1 - : L
Srm: EZ: = 0

E[...l“l
g
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Time dependent A (II)
%i 041805 (2005)

3 polarizations—mixed CP state - E
We are lucky (there is just one). 8k B® tags 232M -
No additional dilution, even if it's ¢ ®F .
a VV decay B =
+
35
It 30 .
o 25 7
a 25 :
2 E
To 10— ]
m° - :
0
Angular analysis — Eg.é;_ """"""""""""
It almost pure CP=+1!  ¢3-
E ook
BABAR BELLE (LP2005) 34"
f, 0.978+0.0147 00 09517 "y sy e
S,, —0-33%0.24770  0.09+0.42+0.08 At (ps)
C,, —0.03+0.18£0.09  0.00=0.30% " Would like to see S, C with 5x data!

PP

o ————eee
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Isospin Analysis(I)

B*— 1T 1s pure tree (no gluonic penguin)—triangles have

common side after rescaling one set by e*":

The same approach

~ e If penguin amp=0,
also for B—pp system I/VEA - trialzlgle%s coincipde

e 4-fold discrete

ambiguity (can flip

both triangles)

e take worst case as
“penguin error”’

Grossman & Quinn, 0_) 0_0 —_) 0_0
PRD 58, 017504 (1998) | gin® < BR(B'»m m)+BR(Bom m)

BR(B'>n'n’)+BR(B >m m')
N
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Isospin Analysis(II)

Mode B/106 (BABAR) B/10¢ (Belle)

+0.4+0.2
B’—m°n° 1.17+0.32+0.10  2.37)°270°2

B'oma’ 5.8+0.6+0.4 5.0+1.2%0.5
B°oma 5.5+0.4+0.3 4.4+0.6+0.3

Cpp -0.12£0.56%0.06
Mode B/10¢ (BABAR) B/10¢ (Belle)
B°—p°p° <1.1(@90%C.L.)[230M BB] —
B"'—p'p° 237°+6 'S9M BB] 32+ 7% [85M BB]
B°—p'p 30 +4+5 89M BB] 24.4+22°5[275M BB]

T amp. isn’t small compared to the others,
while pP°pP°is small. This means that pp is better
| AOm| <35°(90%CL) vs |A0p|<14°(90%CL)
B
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PRL, 94, 181802 (2005) B -pp PRL 95, 041805 (2005)
1} ' 3 T ' |
- %)
0.8 B Los~ =100° £13°
— - 0.6 e
o 06 . ' -
; 04F 0.4 -
02 12\O1 ] epeluded @ Py &1 o2\ 1< 4122 @O0 gL -
0 B | | ] 0_ . L s ]
100 150 0 60 (deg) 120 180
a (deg) : hep-ex/
B - 1t Dalitz 0408089
'~ BABAR

Complementary information

from B -TUTTC time dependent
Dalitz analysis

0.8
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o from BT

. . A. Snyder and H. Quinn,
Not a CP eigenstates [1 pentagonal relations EROIA8 2150 (195)

EWP neglected: 12 unknowns for 13 observables [1 in principle possible
Unfruitful with the present statistics: current data does not constraint

. . . userelativistic
Time dependent Dalitz analysis Breit-Wianer
assuming Isospin symmetry g
N form factors
= B> nnn’ (kin.) Spsgg T T
Z] @ interference regs. i, - Interference between the p resonances at equal
a Signal MC ° ] > masses-squared gives information on strong phases
2 e ’F 1 between resonances [1 O can be constrained
— ;:m : without amblgulty
& 15 = = =% = = oF 1BB
NE i Ar f_lR. ]
o,
Direct CP ot \ ]
poiis i r e R seziepiadong | o __K\’ 1
0 ) 10 15 20 25 30 - 4
m? (") ! ]
_1-1 D|5 I 0 I [I'I5 1
Ao
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s} B(B2>p°P°)
unchanged

1-C.L.

0.4

|

100 120 140 160 180

o (degrees)
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LAL seminar

] —

Current 0 measurement
from B> pp

Multiple unresolved
solutions within each
peak.

Projected 0 measurements
from B> pp for 1 ab’!

The uncertainty on O
depends critically on
B(B-2>p°p°). Scenarios:
% use current central val
++10
+-10

21




y from B*—DVKR"*

A (B —D°K™)=A; A(B —D'K")=Asrse’ %Y

B [ _
U

+ We can exploit the interference between these two
amplitudes in several ways
+ Anyvhow, the interference 1s ruled by the parameter rj,
which is
% 0.2 (~CKM factors) i1f the two diagrams are of
the same order of magnitude
% even smaller, if color suppression works

at a certain level
B 000
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Y (GLW method) :B~ -5 DK™, Dep— £op
o

D° (ﬁ’ )2 fop= CP eigenstate from singly-Cabibbo-suppressed decay.
[Gronau & London, PLB 253, 483 (1991), Gronau & Wyler, PLB 265, 172 (1991)].

* d d
Vud Vud
T T
u o o
o Vea d T 5 Vod" d i
U U 1
CP=+1 mm K'K" Large rate, but
CP=-1 KY%° Ko¢ K% K(s)’7 K(s)’7' interference 1s
S 1 EANGHY g y

Amp ( Bi, CPDO=r]D ) 1S AB[ 1+r]DrBe
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Y (GLW method) :B~ -5 DK™, Dep— £op

[(B* - D%, K")-T[(B"—> D%.K)  +2rsinysind
[(B" - DL K )+0(B > Db K ) 147 +2rcosy cosd

Acps =

CPi:l"(B _>DCP+K+)+F(B ==l 1+ #* + 2rcosy cos d

[(B* — D KH+T(B — D°K)

R p Averages EEX ACP Averageq HEAG

PRELIMINARY F"FiELII'\»"III'\.IAFI"'iIr

¢  BaBar 0.87+0.14 +0.06 'qg BaBar A— 0.40+ d 1540.08
c ] ;
x  Belle 0.98+018+0.10 «  Bells fo 1 Cage 014*”‘9
& N Avera e 5 [122+011
a Avsrage 091+0.12 B A - . 1
. 3 5 BaBar 021 +a1?+0 07
i BaBar 0.80+0.14+0.08 <
C ¥ Belle -0_11+014+005
x Belle 1.29+016+0.08 o j
2 o Average : U 02+0.12
__.__?_.Averagemm_. x _lo2+012 ng BaBar -010+023*33§
+
5 BaBﬂf 10640260 x  Belle 0.27 0 25 £ 0.04
o I
e Belle 1.43+ 0.28 +0.06 5 Auerage : -0 18+0.17
[l : B ettt & TR S RO e o A e L £}e e ki
5  Average 124+0.20 = Belle 026+ 0264003
tee ar s e e e Rt S S FoES o i)
& i
= Belle 0.94 + 0.28 + 0.06 __,ﬁjb_lﬂverage______ azsmza“
L 5 2 BaBar Ly 08+019+U 08
, ,0 Average 10944029 <
e St . £ Belle -0_02+033+00?
s BaBar 1.96+ 040 +0.11 o
& : = Average q 06 + 0 18
.__D%___.%_.Avgrage_. i DN 1981041 5 BaBar = Ly 26+040+U 12
@ BaBar 0.65+0.26 +0.08 t Belle ok ——9.19+ 0.50 + 0.04
a Avs_rage 0.65+0.27 = Average —de—o - -0.08+0.32
1.4 1.2 | -0.8 -06 -04 -D2 o] 0.2 0.4 0.6 0.8 1 1.2 1.4

-1 0 1 2 3



y(ADS method) :B_—)K+[Do—)K+1T;DO—)K+1T]

-
Atwood, Dunietz, & Soni, PRL 78, 3257 (1997),

B DK ; D—oKT PRD 63, 036005 (2001)

CFWM e DCSD S &+
u

Interference is large: rg, r, comparable, but overall rate is small!
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y(ADS method) :B'-»K*[D°—>K+Tl";D°—>K+Tt']

R, 5 Averages @

PRELIMIMNARY
. BaBar *-'L—* 6.013 2550
H :
xl Belle 0.000 + 0.008 + 0.001
)
« Average 0.006 £ 0.006
B : ; e o T | e s
Rd.f}.'-. — rH + rrac'.ﬁ' + 2 -*Iu ,.I'J'r.'.‘.' CDST CDS{B i +3 H} Dxl BaBar -0.002 J:U-UUE
0 o a Average 0. pop 19019
'BR(D" = K'1") WL -
"}Jc'x = T = +0.018
BR{ D“ _} K’ j'r ; ] ::-l BE[BB.I' : i 0.011 -0.013
9 Average f—*— 0.011 %5513
._.E_._k._._._._._._._._._._..: _________________ _‘ R, ety Sy 1. R ey .1 I
ﬁ'r-': BaBar - lo.uu-f-ua +0.031 + 0.008
" :
n' Average ‘: * 0.046 + 0.032
-0.08 -0.08 -0.04 -0.02 0 0.02 0.04 0.08 0.08 0.1 012 0.14 0.6

Most measurements using interference with
DCSD D° decay indicate r;<0.2.

e
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Atwood, Dunietz, & Soni, PRL 78, 3257 (1997),
PRD 63, 036005 (2001)

Giri, Grossman, Soffer, & Zupan, PRD 68, 054018 (2003),
Bondar (Belle), PRD 70, 072003 (2004)

Relatively large BFs
only 2-fold ambiguity
Interference depends

m+2=m2 ( KOST[i ) 2 on Dalitz region

2

||




2000

1500

._.
o
o
=

500

Events / 0.028 GeV?/c*
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Fitting the D°—K T Dalitz plot

1 2 3
m?2 (GeV?/cY)

ch | T
CS A*@892)

~1 2 3

m2 (GeV?/c?)

Events / 0.028 GeV ?/c*

Events / 0.02 GeV?/c*

:bj B CT
2000 (:[\’ —
K*(892)
6000 _
40001 —
2000 _
0 I . i i et R, S I
1 2 3
m?2 (GeV?/c?)
2000F I ————
d)
P(770)

1500 _
1000 _
500 _
Ol v v v v v v b Ly

0 0.5 1 1.5 2

m2, _(GeV?c?)

LAL seminar

m’ = m?(Krr") p+>por

e = mZ(Kng‘) (91.5 fb)
Nows = 82 K
Purity: 97%
BABAR

hep-ex/0504039

Issue: contribution of
broad, s-wave resonances

(3) Orig. method: 2 BWs
(4) New: K-matrix

Anisovich & Saratev
Eur. Phys. J A16, 229 (2003)

X*/dof=3824/3022=1.27

28




0 | Ll Ll | |
0 0 0.5 1 1.5 2 2.5 a _‘3
mi(GeV/c*)

Vo B - DK~ ]

] "! ae 2, ]

i 1] & L I ]

L] B T 2 [ * _-

[ - ] E _ . ?” - . . _

ol i Cae 1 "é 5

B - . i | - - . & i

i e b ST T A

- O T : « U

0.5 :_ | | | ) -|;. |.=' E 0.5 3 | | | ".T. i |-.' g

0.5 1 1. 22 2.2 3 0.5 1 1. 22 2.2 3

mZ (GeV</c? m? (GeV*/c?)

Differences between B* and B~ signifies direct CP violation. Above, D'is super-
Good S/B, but needs more data. position of D° and D°




Y:BABAR and Belle Dalitz results

BABAR (+stat+sys+model) Belle (+stat+sys+model)
hep-ex/0504039, 0507101 hep-ex/04110439, 0504013

rs(D°K)  0.12+0.08+0.03+0.04 0.21+0.08+ 0.03+ 0.04

rs(D*K)  0.17+0.10+0.03+£0.03 0.127;7, +0.02+0.04
rs(D°K*) <050 (0.75) @ 1o (20) 0.25£0.18+0.09+0.04£0.08

non-K*
Y (67+£28+13+11) (68+15+13+11)
direct CP 2 A 5 3
significance ' '

The error on Yy is very sensitive to the value of r;.
The other methods (ADS, GLW) help us to measure r;.

S ————ee
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”“l..u‘\

&)

A }_.fH/

Combining all the methods

S
68+17([36,103] @95% Prob)

y= -112+17([-144,-77]1@95% Prob)

<<
Il

2
=12 E@
" (]
1= i
5 =, 0.001
- e
08— —
" Q
- ©
06— 0
» o
= T
0.4 Q. 0.0005
quE-

i
-3

rs(D'K)=

0.09t0.04 0.16+x0.08

-100

150

0 01020304 0506 07 08 09 1

rg(DK)

|I||||I||||I||||I||||I||||I||‘n

0 010203040506 07 0809 1

ra(DK)




Projected error ony for r;=0.1

L
f

?||

m Dalitz+GLW+ADS
4 Dalitz+GLW
e Dalitz

[ ] Dalitz model error

=

—

Lt B
.-'_F'-.-'_

Error ony (deg)
G S

S
)

15

10

T —

Projected sys —> 5
error due to
D? Dalitz plot 0 1 15 2 25 3 35 4

Luminosity (ab™)

We will be able to improve the error on y by at least a factor of 2.

o ———eee
Maurizio Pierini- LAL seminar 32




Semileptonic B Decays

B
1

Vcb ’ Vub

b—c:
D, D*, D**,...

b Vi
c,u
B b—u:
T[I pl r]l
. n',w,al,...

e Two complementary experimental and theoretical approaches
» Exclusive decays: measure (and predict) the rate for specific
exclusive modes, usually in restricted region of phase space.
» Inclusive decays. use as much of phase space as possible to
minimize theoretical input. Extract non-perturbative QCD

parametersfrom data. Goal: |V;|(exclusive) = |V;| (inclusive)!

o ——eee
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e Use m;, and QCD
parameters extracted from
inclusive B—X,. /v and
B—X; Y spectra.

e Many methods with
uncertainties around 10%.
e Uncertainty from m, has
been reduced to 4.5%.

e With more data, the [V,
uncertainties could be

pushed down to 5%-6.5%.

CLED {endpomt)
402047035 i

BELLE (endpoint)
48045031
BAE AR (endpoint)
423027031
BABAR (E. 1) :

406027036 T —= El
BELLE my :

40802025
BELLE simi. amn. (mg -.1‘1) !
4 38+ 0 46+0.30 *

BAB AR (1 q‘\:l : /
4. 76034032 &

Arverage +/- exp +i- (mb,theory) I
438+0.19E0.27

1 1dof =59/ 6 (CL = 43.0%)

1

| m
HOQ mput fr om b — 1v ancl b— Lk 1nD1Penta: EPS-2005

1 1 L

2 4 36
V.| [x107]

expt theory
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|Vep| :inclusive measurements
-

E,
endpoint

VS g

'/mx VS q




0.3

1/T" dI'/dg?

Present data
PRD 72, 051102 (2005)

Bornlv
76 fb
L ISGW I '__I__
——-—LCSR 1 g
- - - -LQCD 1 L - -
| mes LQCD 2
——— BK Fit to Data
| | | |
0 5 10 15 20 2!
q? (GeV?)

Projection to 1 ab™! (data taken to be on
BK fit curve from present measurement).

|Vip | :exclusive measurements

ISGW I
-—==LCSR 1
- = =-LQCD 1

——— BK Fit to Data

Bornlv
1000 fb™

l
2 10 15

q? (GeV?)

20 25

In the high ¢° region alone, we will measure the branching fraction

with an uncertainty of (6-7)% , or (3-3.5)% uncertainty on [V, |. Lattice
theorists expect to reach 6%, so exclusive/inclusive will be similar.

Maurizio Pierini-
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Combining all the constraints
-

V!V + Amg+ Amg/Ams+ & + sides+
cos2B+  +y+oa+2B+y +sin2B  Kaon physics+
| 12 T = a gles
E DGTEU (S, T S _.'I
e Am,
= /Am
D8|— /
- sin2p
D.6 _—
0.4 E—
B
o—
-0.2 : it
— -1

p=0.216 + 0.036 n = 0.342 + 0.022
[0.143, 0.288] @ 95% Prob. {][0.300, 0.385] @ 95% Prob.
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Tension in the fit
B e

exclusive: BRs from HFAG;| linclusive from HFAG
form factor from V,=(4.38+0.19+0.27)10?

quenched LOCD
V.:=(3.80+0.27+0.47)10"3

UTy;¢

o(V,,

0.0015

0.001

>
—
(7))
=
o
©
P
—
Q
@
e
o
T
o

0.0005 0.15

0.003  0.004

i

0.25 E_ .................

=\

0d03  0.0035

0.

0.0045 0.005°

Incl.+excl.
V,, =(4.22+0.20) 103

from all the other inputs:
V,, =(3.48+0.20) 103

Vub




But i1f you believe the numbers...
-

=12 Jw y
): ... then we want tqh\
Eago beyond thée SM \
08— T
Ciuchini, M.P, - __ sin2p-
0.6 ~_

Silvestrini
hep-ph/0507290 0.4
Model independent
estimation of
theoretical errors

e

0.2

-0.2 ——

sin2P=0.687+0.032%0.017] )

rom direct measuremen
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We have a NP free starting point

for NP model
buildin
'R

b=+ 0.18  0.11 | 05 0 es T
N =+ 0.41 + 0.05

Assuming no NP at tree 0.5~
level I
< the effect of the D’-D° mixing to y of
is negligible wrt the actual error i
< semileptonic decays are clean 05 reference

determination of P and I [

o~

Ulfit
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NP: model independent approach

-
We can generalize the analysis beyond the Standard

Model parameterizing the deviations in |AF|=2
processes in a model independent way:

3 IeKIEXP CgﬂkKISM Am EXP C mm SM 3 aEXP = aSl\/l _ (de
9 AdeXP = CdlﬂmdSM 9 ACP(J/ '.lJKO) = sin (2[3 + 2(de)| 5 unknowns I

P,M Ca®a | Cox | Cops
Vi/Veo X | model indepentent assumptionsl
5md 6 é,,_ i X J. M. Soares and L. Wolfenstein, Phys. Rev.
£, X gy Jo | X D 47 (1993) 1021;
€
J7) N. G. Deshpande, B. Dutta and S. Oh, Phys.
ACE (R K) X X |, Dpyr Rev. Lett. 77 (1996) 4499
o (pp,pm,nin) X X [arXiv:hep-ph/9608231]
v (DK) X J. P. Silva and L. Wolfenstein, Phys. Rev. D

55 (1997) 5331 [arXiv:hep-ph/9610208]
Amg A. G. Cohen ef al., Phys. Rev. Lett. 78 (1997)
ACP (J/¥ ¢) . 2300 [arXiv:hep-ph/9610252]
: " Y. Grossman, Y. Nir and M. P. Worah,
y (D.K)

Phys. Rev. Lett. B 407 (1997) 307
Maurizio Pierini- LAL seminar [arXiv:hep-ph/9704287]




large NP with
o arbitrary phase |
= & ~4.3% Prob.

' C—

20

SM or small NP with
arbitrary phase or large
NP with SM phase ~95.7% Prob.
NS EEEE | ||I||||I||||I|||55||||

0 05 1 15 2 25 3

; 4
CB

d

Maurizio Pierini- LAL seminar 41




Bounds on NP parameters
-

NP in AB;=2 and AS=2 is going in the direction of
Minimal Flavor Violation, while B; sector is still
unexplored

0.0015- _4.7J . 2.30

0.001—

Probablllty density |

Probability density |
~ |
S
I

0.0005
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Where do we go from here?

In any scenario, BaBar will probe
New Physics in the pre-LHC era

™ New sources of CPVins — d and/or b — d transitions are
— strongly constrained by the U7 fit

— ‘unnecessary’, given the great success From L.Silvestrini's
and consistency of the fit talk at LPOS

> New sources of CPVin b — s transitions are

— much less (un-) constrained by the UT fit
— natural in many flavour models, given the strong breaKing of family SU(3)

Pomarol, Tommasini; Barbieri, Dvali, Hall;: Barbieri, Hall; Barbieri, Hall, Romanino; Berezhiani, Rossi; Masiero et dl; ...

— hinted at byV s in SUSY-GUIs

Baek et a.; Moroi; Akamaet a.; Chang, Masiero, Murayama; Hisano, Shimizu; Goto et d.; ...




First Case: New Physics
brings additional
CP violation in the

b—>s sector

y
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Testing b—s: Time Dependent A

~
From an experimental point of view

% Same approach than sin2f analysis for J/YK°
4% Special care to additional background sorces
(these are rare decays, BR~107°)

From a theoretical point of view
% SM predicts S~sin2[3 and C~0 if only one
amplitude 1s present
% For b—s channels, the dominant SM amplitude
is a penguin and NP can enters at the leading order




We reduce background by
% Using kinamatic variables

me=\(Vs/2) ~p?  AE=E;—s/2

% Exploiting the different topology
(isotropic vs jet-like)

0.02
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Experimental issues(II)

Several of these channels
do not have charged tracks ET Tigly
from the vertex. But we can
extrapolate back the Ks:
4% Using the constraint of the beam
spot on the transverse plane ) BEEEETIIWY.
4% Requiring the Ks to decay in the
inner part of the SVT

Beam spot constraint TT"
on transverse plane 4 K.

y| Z BfIS / e t“““ > _r[_
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Theory problem: CKM suppressed terms

-
CKM enhanced(~A®) CKM suppressed(~A*)

B - )= [Vevex (3

GIM penguilins(c-u)




AS: Calculation vs flavor symmetry
-
The corrections can be calculated or can be
extracted from data. Because of the large
amount of free parameters, SU(3) 1is needed to
get competitive estimations respect to QCD
factorization, in the

case of @K’ and n'K’

Cheng,Chua,Soni hep-ph/0506268

Open issues:

4% Do the penguins factorize
(L.e, are charming penguins
important?)

% What 1s the error associated
to SU(3) breaking?

4% Can we follow a “data driven”

approach to reduce
the uncertainties?
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How can experiments help?

BaBar and Belle will provide more measurements
than the only time dependent asymmetries

Mode BABAR Belle World Average | QCD FA pQCD
nfm- | 47+06+£02  44+0.6+03 45+ 0.4 46 —95 | 59 —11.0
Neutral decays % | 1.17+032+010 2370102 1.45 +0.29 04—09 | 01-0.7
t ll T 2.0 = 0.6 = 0.4 201200 2.0 1= U.0 2.1 —6.0 2.0 — 4.8
are not we Ktr= | 17.9409+£07 185+£1.0+£07| 182408 |184—20.012.6—19.3
reproduced K¢ 11.4+09+06 1174232 115+ 1.0 6.5—9.3 44 —8.1
Kt zbUxzl.ox=1U 22U0Ux 1Y 1.1 241 1.0 I — 246 [ 14.4 — 20.0
Ktn® | 120+£07+06  120+1.3717 121408 [11.7—140| 78—143
KTK- <06 0,06t 2000 0.061512 < 0.08 0.06
K°KO | 1.19%332 +013 08+03+0.1 0.96%5 22 1.5—2.2 1.4
KtKO® | 1457032 +011 1.04+04+01 119105 1 ol 1.4
Mode | o (stat) | o (syst) | o (tot) | ¢ (WA)
With precise measurements | 77 3.9 2 4 3
[ . D I:I A - q
we will be able to defintly ™7 ;é g ? %j
T ; : '
rule out models. The
_ _ . Ktr= | 15 2 D:5 2
survivour will give us AS.| ;0,0 A 3 5 A
And we can help more KOt 2.5 3 1 3
“data driven” approaches K*r° 3 3 4 3
KtK~ = — — < 107
D o 5 :
KKO 17 6 18 13
Maurizio Pierini- LAL semi | j+x0 15 3 15 11




Prand
s,

““““

The Charming penguins Model

! -

N&yﬁ We express the decay amplitudes in terms of RGI
4 We fix the CKM matrix to the output of UTy:

4% We calculate the perturbative contribution to
each RGI using QCD factorization

4% We add a complex unknown for each RGI which is
Nocp/m, suppressed (i.e. we allow the breaking of
factorization ansatz)

4% We use experimental data to determine the unknown
quantities

% Expected differences respect to OCD fact: large BR(TUTU)

and sizable CP violation in B—KTl (Ciuchini et al.
hep-ph/0104126). Both recently verified by experiments

Good news: We still have predictive power on CP parameters
Bad news: BR are not sensitive to CKM

suppressed RGI. We have to limit
the allowed parameter space.

C ————eee
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S Parameters in the SM

2 = AS=0.08 * 0.06
g ‘ % 0.0U6—
Q
>oS=-0.02 £0.08 | =
— I 'S 0.004-
'?B’.o.oos— é g
2 ., As=0.02 +0.07 & otz N
5. :
E o L 7 & RS A AL LR
S(K’r0)
0.002—
- ‘- > 0.0065 1 | ]
T S Y- S— ‘@ - = _
. S(T]’KO) E r _ + I E mses—o ° 02 -I__ 0 ° 09
Including the > 0, 2S=-0.03 +£0.08 >
errors, E E 0.00a]
deviations are £ e |
0.002— o i
<10% level 0.002-
A 3 0 -1 0.5 0
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S error vs. luminosity
-

Expect >2 ab dataset from combined B Factories by end 2008

] ~0.1errorson S,., and C.., fromindividual b - sss, ggs modes

00 potential to discover significant deviation from b - ccs modes

0.4 0.4

1K, n K,
[ K+K- (!(0 K+K- {5(0
!‘ﬁ ‘K )] K
03le Error on S, KKK, 03l Error on C, KKK,
®
‘ o Kq ; o K
— o _—
@ 0.2 O o2 .
© ©
@)
[ 5 s
{ [
0.1— o 5 0.1—9 ¢
; : :
. s
- : ' : :
| | | | | | | |
% 1 2 3 4 % 1 2 3 4
Luminositv Luminositv
[ab] [ab]
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/mn "y, m31\

My Moy My, | e

\mB m23 m33/ quark rotation

( generating
CKM matrix)

LOTRUDTRUET

m,, My, My,

M3 1My, m33 | 0 0 mlS/AB
J

Effective interaction
chirality of incoming and (mass insertion)
outgoing squark (LL,LR,RL,RR) between second and
54 third family




And how A, will help

/‘ : .E|= ; o E-|
d d B s i D =
Re 8 VS Im s “DDDDDDDDD" .
( 23)RL ( 23)RL e s - o 0o0O0OO0OO0GoOoO =
- - =0 O00O0O0O0000JoO=
- LH Rt
- @ o o[ Oo =
m——— adading S . DoOooO0000o0ooos .
sa t -uuDDEIEIEIIDEIEgEIDU-
LU= I /< Tl e R A _ _ » = 00000000 oQgo s
e Ineasurements . = o oo00000000¢x = s
go0e = : i’ i T EE R . : T o = N e N o 1 I - B
Li "B EEEERENRERE = "EDDDDDDDU'“
0'004__. = =« » ¥ OO0 0O0DO0@O =& =& & = = 00O o o@Qdaoawe 4
naooz & oo 0000 OCO0O00O0 & = I, = a8 s =9 ey = °
: Ly .ﬂunun Dnnn-__ .........
0—_----|:|EIEIDD OOOone = : |
=+ = 2@ i s 0 d0o&@ @ = = =« « - - o
gy £ 9 « m m . o . S EEE ® 58 5 « = '"%0_01 r :
mae E By TS BERGBEaREse e e g—.nos_— e
wgmge B " SRR S S A S 0.005 [~ L
BB | vw sws e s oy 5 5 5 e 000 [
e T s o L
Re(ﬁdzs)m. r = = O @ I:ID- D
RL G o Tl E =
[ 0 -
extrapolation ;
-0.002
to 2008
—D.004
With b—s time dep.
O
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Testing b—s: Polarization in B—HVV

® -
Large amount of experimental information:

% BR and A, for different polarizations

4 Polarization fractions

4 Triple products (~cos of strong phase

rather than sin)

llllll

&

o Observe |Ag|, |AL|, |4)| >50 each  ® Observe FS| >3¢

fr = 0.52 £ 0.05 £+ 0.02 ¢ = 2.34 T35 £ 0.05 (rad)
fL =0.2240.05 £ 0.02 ¢, = 2.47 £0.25 £ 0.05 (rad)
BABAR - . K*O

N__..-\- [T Summer 2004 Summer EGM e (‘b -

3 075 :

[~]

o

_—| 0.5:1___

=

|
o)

B | I -
2.10 2.35 250 255 3.10

h—ﬂ&ﬂﬁh@ﬁ | = arg(A)/Ao) "




Improvement of B—VV Decays

Improving the precision:

¥+ Theoretically clean access to

phases

4 Measure AS=sin2f3(odd)-sin2[3(even)
¥+ Triple-product asymmetries

—

—
=
il

< Able to separate right handedm_g

0.30 p=

0.20

currents (which are null

{é _}KKpoll)o ] in sM)
BooK |

B — pK’
B - ¢K

fL error

0.10

0.00
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10 ab™”
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A(sin(2p,_ 4)-sin(2

0.50
0.40
0.30

0.20

0.10

Projection of Asin(2)
with B® — ¢K®

0.00 i

100 fb™’
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Second Case: New Physics
is Minimal
Flavor Violating in the

b—d sector. No
additional CP violation

y

C ————e
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The Starting Point

Buras et al. hep-ph/0007085 £
_ _ g 0008

We can determine p and M in a E.
universal way for (MFV) NP and SM. 3T
€& and Am,; are not used. En.nm—

| = F B Y
L U5t Dx° v :
1 | " ‘\\

0.5 i O

S
o
=]
&

N~
|
#
I
ZIN
Probability density
g
I

o

[=]

[=]

N
I

g | £ ooon
i . ZaiB\ -
05 | I
0'5/ \ // o0l
- sl
e T TN TP =0.258 £ 0.066 UUT g 5L
E -0. y 1

-l



= From UT to Rare decays

““““

Starting from UUT it is possible to
constrain NP quantities and to study their
effect on rare B and K decays

% Dimension 4 operators: FCNC effective Z vertex
= C=C,+*AC (constrained by BR(B - X_1'17)
and BR(K"— mT'vV))

% Dimension 5 operators: (chromo)magnetic penguin
= C*'=(C ) +AC *** (constrained by BR(B- X))

4% Dimension 6 operators: penguins, boxes
— subleading NP contributions to rare decays

Rare decays< SM functions + AC, AC**

o ———eee
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Constraint on NP contributions

B
5 N
g 0.01- ! ‘
¢ 1 SM like | z
< [ solution OPPOSJ-té 8
-::-.1:»‘ Sign Of E 0.005—

Probability density
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The Lesson from MFV

In MFV models (at low/moderate tanf3) rare
decays can be only slightly enhanced w.r.t
the SM. Strong suppressions still possible
at present.

Branching Ratios MEV (95%) | SM (68%) | SM (95%) exp
Br(Kt — ntvp) x 1011 <11.9 83+1.2 | [6.1,10.9] | (14.775%") [19]
Br(Ky, — 7)) x 101 < 4.59 3.08+0.56 | [2.03,4.26] | < 5.9-10* [37]
Br(Ky, — ptp)sp x 10° < 1.36 0.8740.13 | [0.63,1.15] -

Br(B — X.wip) x 10° 2 BiF 3.66 +0.21 | [3.25,4.09 < 64 [38]
Br(B — X,vi) x 10 < 247 1.50 £ 0.19 | [1.12,1.91] -
Br(Bs — ptp~) x 10 < 7.42 3.67+1.01 | [1.91,5.91] | < 2.7-102 [39]
Br(Bg — ptp™) x 1010 < 2.20 1.04+0.34 | [0.47,1.81] | < 1.5-103 [39]

If this is the case, we need
very high statistics

o ———eee
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Where we stand

Expected Upper Limits
Mode BR,,, BR,, 0.5a5" 1ab" 2af"
B> x| ~10° 0@, 16% 11% 8%
B> KI | ~10° Up to 10° 610° 410° 310°
DIXL | ~10° Up to 10° ~10° ? ?
B ([ <10™ Up to 10° 310° 210° 10°
DD ([ <10° Up to 10° 3107 2107 107

If NP cancels the SM contribution, we need a large
increase of statistics to have useful bounds on NP

o ———eee
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G3mpm}

2\ 2

[BlVwls | <1.810* @ 90% CL

.
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Signal for Br=10-° @ UTyit
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E
§
20:!_ Close to discovery [z
¥ of the mode or of NP Current BaBar
10- = 90% C.L.
+: - 7 S S ST
' e BR(B—w)[10]
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0.5 081
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\)

<5 What can happen

If we measure 1t, 1n agreement with the
Standard Model, we will have an -

experimental way to extract f; =§ ol
4% Test of the Lattice E j
4 Improvement of the (fs 2 | bound
dominates the spread of Amy bound) E T translated
If we don't see it, we have 2 | on £
evidence of new Physics and 02
a constraint on models
4000 . . . . R TR R | R
3 | Example gf f [GeV]
S0 | e mpact on H1iggs fg,=0.178 + 0.062 GeV
Y : jsector in 2DHM fea=0.192 £+ 0.026 £ 0.009 GeV
today } model from lattice QCD
400 | -
ol 2HDM
0 S I

i 20 40 G0 a0 | (1D
] wnp  jeminar 66




Conclusion?

The B-factories are in the era of high
precision measurements

4% With ~lab™ in 2008, BaBar will test CKM
mechanism and the presence of NP in a more stringent
way (~0.1 for S and C, ~10°-15° for a from pp alone
and ~5°-10° for vy)

4% Even 1n the case of small deviations, we will obtain
very useful information from the combination of
constraints from several decay modes

4% We can also help theorists to improve the models and
reduce the theoretical errors, by providing a large set
of precise measurements on similar channels
(BR and CP asymmetries)

% We can use additional ways to test b—s decays,
such as B—VV modes

% But 1if we want to scan all the possibilities,
we need a new generation of experiment (i.e.
this is not the conclusion)




A new design for a Super B-factory

-
Using the present technology and the R&D for

the ILC, we have a new kind of machine to build
— Transport

. E+ source
Positrons

Make up AE
Gun
()

.
-

Electrons

Dump

A small version of the ILC that runs at the Y(4s),

with a reduced boost (bg~0.1-0.2) and a better vertex resolution
(thanks to smaller beam-spot and limited multiple scattering).

4 We can have luminosity as large as ~10°’ (now it is ~10°%)

4% We will have a poor knowledge of the energy
of the initial state (not a big deal...)
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Luminosity

The luminosity for a linear collider is: Linear B | SuperPeP
L=Hd Np P/ 4n E o, o, Ny | SUUY |9
Hd : disruption enhancement o |TelbE | TRShx
Ex 0.6nm | 20nm
P : average beam power & |0.006nm | 1nm
1 B, 1imm 100mm
Scaling laws i T3.0mm
° Disruption: G, 0.7mm | 3.0mm
: 4
D& N O, Decrease o, + decrease N S i 8Hm AU
2 Increase spotsize Gy 0.08 um | 1.7um
iO' O ) ) Tq 1.4ms |20ms
_ _ I+ [7.2A |[10A
* Luminosity . T R - |72A |20A
N I I
L~ 1 Decrease spotsize | N+ 4010 1.3 e11
iO' o ' N- |4e10 [2.6e11
s Hd | 23 1.0
° Energy Spread: L 1.1 10% | 1.7 103
N2
65 > 2 Increase o, + decrease N
(O' O ) Increase spotsize

2
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Situation 1s evolving

INFN Super B group

INFN has setup a roadmap program to evaluate
future options and commitments in major physics
projects.

Groups (as a sort of advisory bodies) have been
setup to collect informations in a coherent way to
be presented to the INFN management.

In the area covered by Gruppo I (Particle Physics
with accelerators) a group has been setupto study
the possibility of a SuperB Factory in Italy .

11.11,2005 LNF Marcello A Giorgi ?
®
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Effect of Energy spread on analyses
-

Vertex difference resolution vs boost

E 20 :I T ‘ T T T T | T T T T | T T T T | T T T T ‘ T T T T _l__
. T 18 e —
) Effective number of events 3 © W beampipe 0.5om Pl
E B - I beampipe 1cm F .4 .
i 14 . —
= C beampipe 1.5cm ; =
5..F o(E,,) BaBar = 5 MeV - I bEIHIp | g
=§ 0.8 f 0 ¥ E
] £ v a— » 7
2 o6 | v - " .
B I & 4— =
- . i ‘ B
n_s - I . 2 :_ .. el B 0 o 0 A _:
£ I ¥ :I 1 | | | 1 1 1 (! 1 1 I 1 1 [ 1 I 1 | 1 | 1 I
' : b 057 0.2 \la 04 05 0
03 | K . oY By
= | Y7 ¢ . even in this situation same
nlz __I : 1 1 1 1 i 1 1 1 1 1 1 1 1 1 1 | 1 AZ resoultion as nOW
0 0.01 0.02 0.03 0.04 0.05
o(E_ ) (GeV)
Furthermore

« better angular acceptance: e=7.0 GeV e*=4.0 GeV By=0.28 and for 8=100 (300) mrad
correspond to 99% (92%) coverage in the CM. BaBar has 88% coverage.

o — o <D
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+ Added layer( >\\ I ?{/

HLT/T
« Reduced beampipe radius 2.5=>1cm \Nﬁ
« Reduce Be thickness 1.3->0.3mm | 10em

* 5 um Au foil before layer(} (Arched wedge wafers not shown)

Nicola Neri - SuperB WorkShop
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Pixel concept

> Monolithic Active Pixels Forti
> Thinned to 50um f \
o Possible because active region is only
about 10um thick |
» With Smm BP, 3mm2 chip
could be OK. \ _
> Glue on kapton foil \ _
> Support kapton off BP NS
¥ Reduce thickness of Au shield _ .
¢ How much can we thin it ? 4L pcdle "?"‘h 2 fagls
BF, 3mm pixel chip

» Many issues to resolve
o Feasibility of a MAPS system

o Zoverlap Lots Qf MAPS
o Cables, cooling R&D in many
o Mechanical support p/aces

\

;Lﬁ Nov 12, 2005 W62 Summary

Parepe——— N Superb
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Benefits of a better vtx detector
B 000

« Better vertex determination not only
impacts the time dependent " /' / e
measurements but all the analysis Terse" |
in general.

« The Az helps rejecting continuum
uds events.

* One can think about “ad-hoc”
topological algorithm to further
g:(scriminate against combinatorial

9.

« If you are able to separate the D W [8Q = Lgp * SIGN(Qp = Qp)
vertex from the B vertex. You can
determine the flavor of the tag B
decay from the charge difference
between the B and the D.

« SLD tagging “dipole based” (5Q) « REDUCE BKG

technique could be helpful. $Q>0 )
(5Q1<0) means BObar (BO). IMPROVE TAGGING PERFORMANCES

Nicola Neri - SuperB WorkShop

T L Superb 3
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Marco Ciuchini Super B-Factory Meeting at LNF — Frascati, 11 November '05 P
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Backup Slides

e
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Channel | BR™ x 10° | BR®P x 10° A Acs St Kep
= 5.5+ 0.4 54+04 [033£011|0.37+0.10| —0.54+0.12 | —0.50+0.12
a0 5.7+ 0.6 58+0.6 0 0.01 + 0.06 s .
o | 1424029 | 1454029 |[0.07+0.24 | 028+ 0.39 s :
= | > |
a 5 GIM
5 P,=0.066 + 0.035 2 | |P.*™-A,|=0.45 £+ 0.15
T
2™ ;“m‘ ([0.08,0.90] at 95%)
8 E Too large to be Agp/ms.
[a] F \ .
(L. 0.0005 .-" E . Problems with
I : factorization?
% 01 o0z 03 04 05 o 0_'2 b
IP e IP"-A | em)

4% Values are given in units of E;

% We will use [0.0,0.90] for the K fit
(to be conservative)
-
LAL seminar

78

Maurizio Pierini-




BR™ x 10° | BR™P x 10° B o
201406 | 19.7+0.7 0.107 + 0.018 | —0.115 + 0.018
129+05 | 1224038 0.00 + 0.04 0.04 + 0.04
249410 | 253+14 0.00 + 0.04 —0.02 4 0.02
9.9+ 0.4 1154+1.0 |} —0.09+0.06 0.02 +0.13

>
= P_1_0°071 £ 0.016 EAS_ Including the radiative
@ > corrections, the

ﬁo.ooz Eﬂ-m discrepancy in the BR
% E is gone. No more

.§ 0.002- KT puzzle!!!!

E 0.001

R
o Faere L Tt S(K’n0)

02 03 ":;4'K'°-5 Prediction in the
IP,(Kz)l Standard Model

_(exp error on sin2f3
not included)
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