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Assumes that:
« operating stability
« data taking efficiency
e useability of data

all remain similar to now

NB. 1000/ab = 1/zb
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Shown in talk of M.Yamauchi (given by Y.Sakai),
CKM2006, Nagoya, Dec. 15" 2006

Upgradeable
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Talking about 10°’/cm?/s might
not be completely crazy?

M. Zobov, D. Shatilov

October 9, 2006 F.Forti - Status of SuperB 25




Main physics channels

e Precision CKM metrology

e Search for inconsistent CPV phenomena in (eg.) b—sss
* New FCNCs

e Search for right-handed currents in (eg.) b—sy

« Inconsistent flavour-mixing (Am, AT, "€”) in B or D°

« Enhanced v. rare decays, (eg.) b—svv, Bd—>pp

e Direct CP violation in charm
* T lepton flavour violation &/or CP violation
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Operating Energy

e | will stick to the physics at the Y(4S)

e Clearly, much interesting physics at other centre-of-mass
energies

* Higher luminosities will help!
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CKM Metrology

B = ¢, (b— ccs)

e J/yp K°
e systematics limited by ~ 2/ab (Yu.Nakahama @ CKM2006)
* theory error << limiting experimental systematics

 LHCb can do it anyway

¢ J/p K™
e Belle [PRL 95 (2005) 091601] N(BB)=275M
. Sin(2(p1) =0.24 £ 0.31 £ 0.05 COS(2(p1) =0.56+£0.79+£0.11

. c;[cos(2cp1)]Stat ~ 0.06 with 50/ab; systematics???
o D(*)D(*)KO
* hard to quantity theoretical errors

19th December 2006 BNM2006 I




CKM Metrology

B = o, (b~ cud)
e Dh°
. cr[sin(2cp1)]Stat ~ 0.04, cr[cos(2cp1)]Stat ~ 0.05 with 50/ab; systematics???
. DCPhO will help for ofsin(2¢,)]_

« need to control model error (same problem as fory = ¢ )

* theory error << limiting experimental systematics
« LHCb could do DCPTI+1T (challenging)

Experiment sin(2B) = sin(2g4) cos(2B) = cos(2¢1) IA] Correlations Reference
s #0.083 0.07 stat
H,E—;?ggi 0.45 + 0.36 + 0.05 + 0.07 0.54 + 0.54 + 0.08 + 0.18 s —0.085 L\ weensn2p &  hepex/D607105
el 0.012 + 0.002 oot 28]
Belle +0.40 +0.22 ] ) PRL 97, 081801
M{EE}=386m 0.78 £0.44 + 0.22 1.87 —0.53 —0.32 (2D06]
0.57 £ 0.30 1.16 + 0.42 )
Average . . ) unconalated HEAG
¥ =0.3/1 dof ({CL=0.58 = 0.50) ¥ = 2.5/1 dof (CL=0.12 = 1.60) HETaTEs
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CKM Metrology

o 0 = (P2
* 111, PP (Gronau-London; isospin)
e theory error few degrees
* requires modes with multiple m°s — LHCb not competitive
111717 (PT1T) (Snyder-Quinn)
e isospin only used for neutral penguin — smaller theory error

* only one 11° — LHCb can do it (challenging)
e am & others

* errors associated to SU(3) may be small when |P/T| is small

(see, eg. J.Zupan @ CKM20006)
 all charged tracks in the final state — potentially good for LHCb
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CKM Metrology

Y =,

* DK (Gronau-London-Wyler; Atwood-Dunietz-Soni; others ...)
* theory error completely negligible
 most channels with one or less neutrals — good for LHCb

(see M.Patel @ CKM20006)

« LHCb can also do BS—>DSK (SFF cannot)

LHCb:
DK channels combined sensitivity

~ 5° from 2/fb (1 nominal year)
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B mode D mode o(y)
B+->DK+* Kt + KK/t + K31t 52 - 15°¢
Bt->D*K+ KTt Under study
B+-DK* K it 8¢9
B+-DK* KKt 15¢°
B+-DK* Koot Under study
B°-DK™ Kt + KK + 1ot 72 - 109
B0—DK™ K Tt Under study
B.—~D.K KKt 139




CKM Metrology

o [Vl

 already theory dominated

e do not expect any significant contribution from LHCb
 more data from SFF will help, but improvements will be slow and hard

B - v Form Factor

and |V |

T.Onogi, CKM2006
WG2 Summary talk
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CKM Metrology

* Precision measurements of the UT undoubtedly extremely
Important

 LHCb can do the angles

» Improvement in |V | limited by theoretical uncertainties

 SFF can contribute and make improvements in all
measurements
not enough to motivate a major upgrade

* Does not tell us what luminosity to aim for!

19th December 2006 BNM2006 I 11




iJ-Libby, Daresbury, April 2005

Super Flavour Factory & LHCb Upgrade
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Key Measurements (Physics Case for SBF in 1 Slide)

CP Violation in Hadronic b—s Lepton Flavour Violation in T Decay
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Hadronic b—s Penguins

« Cleanest modes are @K®, N'K® & K K K’
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Hadronic b—s Penguins

* Naive scaling of current experimental errors

* N(BB) required to reach theory error:
¢ ~ 10" for n'K°
* ~5x 10" for K’ 50/ab needed
e ~5x 10" for KKK’
e Beyond naive scaling?
* time-dependent Dalitz plot analysis of K'KK° (BaBar; hep-ex/0607112)
« larger fOKo contribution under K° = error on S increases

* Improvements in theory uncertainties?
* |likely to be data driven
e eg. SU(3) relations, understanding n' form factor (B—n'lv)
e unlikely to go below 1% level
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Radiative b—s Penguins

e Key to NP sensitivity : measure the photon polarization

 Many approaches proposed
. time-dependent asymmetry in K'y, K m°y, etc.
only approach attempted to date!
interferences between resonances in Ky
conversions in K'y — K'e'e’
study of radiative /\b decays

angular distributions in Koy, etc.
see talk of A.Soni in this workshop
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Mode Experiment

HaBar
M{BB|=232M

Halla
K*(B92)Y 5m=s53m

Avarago

HaBar
M{BB|=232M

Hsn“]. Balla
inak. 1) N{BB|=532M

Avarago

Radiative

Scp (b — sy)

—0.21 + 0.40 + 0.06

—0.3219-% _, o2 +0.05

oan ()

—0.06 + 0.37

—0.10 £ 0.31 + 0.07

— 0.0 @

b—s Penguins

Ccp (b — sy)

—0.40 £ 0.23 4 0.04

0.20 % 0.24 *+ 0.06

—011+017

—0.48 +0.22

0.20 %+ 0.20 * 0.06

—0.12 +0.15

h—s7 54

Iz 1 FELERE RELE
BRI TR LS . H

bz = !

S LI .
i

CERh [ET B TR )

Ta7 o wrnld .

Litw 1 Heow
H S rI a3 '_i'_' .
bz = =113 -
L el R T b +

TR 4
T a7 orvlde, wrngs

[

h—s7 O

Tl
BRI T LT T

bz =

& g1 L) B
SR [T

1A% =adde e
o

H e e

bz =
V- DR

BT R H
a7 e, vl |

i
] T B - L - [

aps g2 png

19th December 2006

eps g7 png

BNM2006 I

Correlation

.07 (=tam)

008 (=t

.07

.05 (=tam)

008 (=t

0.06

Refarence

PED 72 {A005) 051103

hep-ax fOE0E0T 7

HFAG comalated average
= 3.2/2 dof (CL=0.20 = 1.30)

PED 72 {A005) 051103

hep-ax fOE0E0T 7

HFAG comalated average

%< =5.1/2 dof {CL=0.08 = 1.8a)

: Ko v Gy TR . Koy, R
ET ET
&~ b = [
1 - r: : . ::I
EL et Fma 4 1 ) :
; 1 [
L4 " Ir > : ;
R g n.':,:'
I-: {i<{ Gy
J A O FE
£ '%\ 3 3 & o ‘3;
RS NN
T :- I ¥l T TR I P

&0s .87 png
17




Radiative b—s Penguins

* Naive scaling of current experimental errors

* Assuming theory uncertainties of few % due to higher order corrections
see talk of A.Soni in this workshop

* N(BB) required to reach theory error:
e ~5x 10" for Ksrroy } 50/ab needed

* only mode for which measurements currently exist

* I[mprovements in theory uncertainties?
* in this case there is a data driven method to reduce the error
= study dependence of polarization on hadronic final state
. eg. S(Ksrroy) VS. m(KSrrO), S(Ksrroy) with S(K_ny), etc.

= much larger data samples necessary
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Radiative b—s Penguins

* Observables sensitive to new physics fall into two
categories:

* (CKM favoured) x (helicity suppressed)
e €8. S(Bd—>Ksrr0y) ~ Sin(2B) x (2ms/mb) ~ sin(2cp1) X (2ms/mb)

 SM uncertainty few %
* requires new RH current but does not require hew CP phase

* (CKM suppressed) x (helicity suppressed)
+ eg. S(B .~ @y) ~ sin(e) x (2m /m)
* tiny SM uncertainty (extremely clean null test)
* requires new RH current and new CP phase

19th December 2006 BNM2006 I
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Radiative b—s Penguins

* Observables sensitive to new physics fall into two
categories:

* (CKM favoured) x (helicity suppressed)

o SSmSB—tt ay 0(2B) x (2m_/m ) ~ sin(2¢,) x (2m_/m )
 SM uncertainty few %
sQulires new RH ==t but does not require hew CP phase

Essential to reduce the SM error

* (CKM suppressed) x (helicity supprehs
- eg. S(B_~@y) ~ sin(p ) x (2m_/m ) Can be done with data

 tiny SM uncertainty (extremely clean Requires > 50/ab
* requires new RH current and new CP phase
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A Word on b—d Penguins

* To get required N(BB) for b—d penguins
1) Take b—s number and scale: N(BB)[b—s] / |th/VtS|2
2) Scale from existing measurements, eg. o[S(KSKS)]Stat ~ 0.07 @ 50/ab

it ™ 0.07 @ 50/ab
theory uncertainties due to c- and u- penguin contributions

3) Guesstimate based on measurements, o[S(py)]

Experiment Scp (KsKs) Cce (KsKs) Correlation Reference
BaBar +0.80 +0.11 i _ — K
N{EE}=250m —1.28 —-0.73 -6 0.40 = 0.41 + 0.06 0.32 hep-ex/0608036

You selected the following table or plot entries:
RPPH# Mode PDG2006 Avg,. BABAR Belle CLEO New Avg.
— i L LY .‘g 1\- - B s '\..l'-r I= - Tt LN ."!_ I _ L
226 O < 0.4 0.77:03% £0.07  1.257057007 < 17 0.91+012

Keferences for the data:
PDG2006: W.-M. Yao et al, |. Phys, Lett. G 33, 1 (2006).

~40 events in 350M BB

Babar Collaboration hep-ex/ DB070G9
Belle Collaboration Phys. Hev, Letr, 96, 221601 (2006]
CLEO Collaboration Phys. Rev. Lett. B4, 5283 (20000
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~20 events in 380M BB

~100 events/ab = 5000 events in 50/ab

BNM2006 I 21



More Penguins

e b—sll also very important probe of new physics
 eg. forward-backward asymmetry in B—K'I*I
... but this is a very good channel for LHCb
« LHCb cannot do fuly inclusive modes: XSI+I', Xsy also Xs+dy, etc.

» theoretically cleaner
e requires full reconstruction
 much larger data samples, typically > 100/ab
see also talk by M.Nakao

e Can also study inclusive hadronic final states
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Lepton Flavour Violation

* Importance recently emphasised by many people
« No SM background < Lint as high as possible

s V¥V PDG2005 V¥ Belle BaBar
e TV YTy YT

FF sensitivity @ 10ab?
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Leptonic Decays

. Assume B—Tv will hit limits by 50/ab 300
. |Vub|

L fB (lattlce) 250

e experimental systematics

see talk by T.lijima =,

B—pv & B—ev require more data 5

Some uncertainties can be reduced

or removed using ratios ;

« B—D"1v provides additional

observables and requires larger L 100

B—puu & B—ee will be done by LHCb [EP Exciuka 05%CL) |

B—T1T only at SFF, requires huge L 30 20 40 60 80 100
tan 3

)

Mass (G

150

H
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Excluded (95% C.L)
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Summary

* Of the main channels that motivate a Super Flavour Factory
* CPV in hadronic b—s penguins hits theory limit at about 50/ab
* almost everything else will not be limited
better to aim for a rounder number?

* Of the interesting channels
* most do not require time-dependent analysis
* many require full reconstruction
= smaller energy asymmetry (but with good vertexing)
= hermetic detector
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The FCNC Matrix

th. error < 10%
O = exp. error < 10%
(O = exp. error ~30%

FLAVOUR COUPLING:

b —s (~\9)

b —=d (~\)

s =d (~\)

AF=2 box | 2V (AM,,) ®
E A[]I(BH }1}1{|ﬂ Qk(]*—{Bll "‘LPKD
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o
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=
= Y B =X DX B X, 1, B—=Xy) K, 0
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