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Beauty of beauty factories

—
Impressive physics program achieved so far at B-Factories
B mesons are a powerful laboratory
Sizable mixing and CP violation
HQET works and has predictive power
Many transitions probe different quantities
e*e” machines are fantagtic probes
Very clean environment: 3-track trigger

Coherent initial state allows true interference
measurements and high tagging efficiency with low
dilution

Luminosity counts
Large samples allow precision measurements

Rare and very rare decays are becoming more and more
crucial.
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Yesterday

Experiments Number of bb events  Environment Characteristics
(x 105)
ALEPH, DELPHI ~ 1 per expt. 7" decays back-to-back 45 GeV b-jets
OPAL, L3 (op, ~ 6nb) all B hadrons produced
SLD ~ (0.1 79 decays back-to-back 45 GeV b-jets
(opy ~ 6nb) all B hadrons produced
beam polarized
ARGUS ~ (.2 T(4S) decays mesons produced at rest
(o3, ~ 1.2nb) BY and B*
CLEO ~ 9 T(4S) decays mesons produced at rest
(opy ~ 1.2nb) BY and B*
CDF ~ several pp collisions  events triggered with leptons

Vs =18TeV

all B hadrons produced
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Today
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More B Physics ?

What:
PEP-IT/Babar & KEK-B/Belle currently at peak luminosity »1034 cm-2s-!
Integrated sample of about lab™ for each machine by 2009

Upgrade ideas/proposals to increase luminosity by a factor 10 to 100,
for a sample size of 5-50 ab-!.

Why:
High precision Standard Model Unitarity Triangle (UT) measurements
New Physics (NP) contributions to rare decays B.R. & Asymm.
Distinctive patterns may discriminate between models

How:
Different upgrade scenarios are being considered

Detector and machine complexity/cost undergo a phase transition
around a few x 103° cm2s-!

When:
In the era of LHCb, (BTeV) and LHC experiments.
Competitiveness and complementarity with hadron machines
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Tomorrow
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Yes, more B Physics |

Unitarity Triangle sides measurements
From (semi)leptonic decays, inclusive or exclusive
|vub|' |vcb|f |V‘rd|

UT angles precision measurements
b—=>s penguin transitions very sensitive to hew physics
CPV Asymmetries in B->f K, K,p® compared with sin2b.
a measurement with B=>pp and rr; direct CPV
g measurement with B>DK or similar channels.

Rare decays

Exclusive and inclusive b ® sgBFs, direct asymmetries,
photon helicities

Exclusive and inclusive b ® sl*I- BFs, Agy, CP asymmetries

B decays to states with large missing energy, such as B4 ®
t*t, B® KOnn,b® snn,B® DMtn,, B® X tn,

March 2, 2005 F.Forti - Physics at a Super B Factory 7



How to detect NP in B experiments.

—
Experimental sensitivities for B experiments (2 to 50 ab!)

Statistical and systematical
gleor'e’rical uncertainties of the reference points based on
Given these uncertainties, is there still any
sensitivity to NP?
Qe = Qsm > 3 ssu(Q) ?

Comparison with sensitivities from the planned hadron
collider experiments.

Can the super-B measurements compete and/or
provide better information than Hadron
experiments?

Note that super B Factories cannot do B,

mixing is too fast > no resolving power
Y(5s) cross section smaller by a factor ~5 wrt Y(4s)
decay itself mostly spectator: not competive with B,
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The Discovery Potential
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b—->s

penguin

SM predicts for b->sss (almost) the same phase e-2# o
as in tree process b® ccs. However loops can also be  SUSY contribution
sensitive to New Phyv?/igs!

= = S f
S

BTk gv%<
d~+ \(sj_Ko
BF =(7.677+05) 10°°
|B°® h&® | w+
b Shq
S
Be t g -
S KO
Ns
d g d
BF =(55.4+5.2+4.0) 10

March 2, 2005

with new phases

h—>——o
b w8, f  ht

B Sn‘%g<5

Q.
L
Q O

u-tree CKM suppressed T/P < 0.1

F.Forti - Physics at a Super B Factory 10



Intriguing hints from penguins
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Time dependent CP Measurements
b->sss(bar) & b—>sdd(bar) & b>sg

Educated
Strict L

S(B>fK,) ~Sin2b |sinZb- 5[<0.25 (0.05)
S(B>h'Ks) ~Sin2b |sin2b- 5]<0.3 (0.1)
S(B>K, p°) ~Sin2b |sin2b- S|<0.2 (0.15)

S(B>K*0 g (with K*>K,p°)

"’Z(ms/mb) S|n2b

|51<0.1 (?)

b>s/dg& b—>s/d (I* I): Rates and A cp(dir)

Acp(b>s g [Acp(b>d g]

0.6% [-16%] (?)

[G(B>K*+ g)- G(B>K*O g)]/(sum)

~0 (isospin breaking)

5 to 10% (?)

G(b->dg)/ G(b=>sg) |Vtd/V1ts| (from mixing)

A, (B>s 1) <0.5% (0.05% for K* I I)
A, (B>d I 1) ~(4.4+/-4 )%
B(B>Kntm)/B(B->Ke*e") 1 1.0+/-0.0001

AFB(K*I* I-):s,(zero crossing) 0.162+/-0.008 (5%)
AFB(K*|* I):CP asymmetry ~0

CPV in mixing: (Iq/pl) ~1

Very rare decays: B>ntm
B>t*t-

B-> Xt*n: Rate and t polarization

~2%




B->K.p

The dominant SM amplitude
gives: b>sg

b(bar)->sg

—==

NP can modify helicity structure: e.g. LR symmetry, higgs in loops

Use TDCP to probe the helicity structure: (but limited to K">K p® ~ 11%)
B (bar)—> K'g, -
N - Expect:
Helicity Flip ms ~OO42
Suppressed by m_/m, SK* mo —sin2b » 0
RO . David Atwood, Michael Gronau, Amarjit Soni (1997)
— > K gr PRL 79 ,185(1997)
0.1 ab! 2 ab! 5 ab! 10 ab! |50 ab! |LHCB BTEV
S(Ks pP°g) 0.14 0.09 0.06 0.04(?) | X X
(0.12)

Soni: mg isthe“current” mass: (m,~150 +/- 50 MeV), m,~5 GeV
= Theory error ~0.01 to 0.02 (??) (~30% of SM value of S)




CP Viola

on |

Precision

M easur ement Goal 3/ab 10/ab 50/ab LHCb | BTeV
S(B°—o0KJ) SM: <0.25 0.08 0.05 | 0.02(?) | 0.08? | 0.04?

(0.05)
S(B°— oKt oK) SM:<0.25

(0.05)
SB—n'Ky) SM:<0.3(0.1) | 0.06 0.03 0.01
SB—Kgr') SM:<0.2 (0.15) | 0.08 0.05 | 0.04(?)
S(B—Kgn'y) SM:<0.1 0.11 0.06 | 0.04(?)
Acp (b—sy) SM: <0.6% 2.4% 1% | 0.5% (?)
Acp(B—K*~) SM:<05% | 059% | 0.32% | 0.14% - -
CPV in mixing (|a/p|) <0.6% X X
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NP observables in s/d |+|- decay

—
Agp(B2sl 1) SM: <0.5% (0.05% for K* I*1)
Ayp(B2dI171) SM: ~(4.4+/-4 )%
B(B>smm)/B(B>se'e) SM: ~1

AFB(K*I* |"):s(zerocrossing) SM predicts with ~5% accuracy
AFB(K*1*|):.CP asymmetry  Very small in SM

SM: E : ';;' _:::':\
Sy, NNLO errorV =
S, = 0.162+/-0.008 ~ C7/C9 R
In SM: A%e5~ O T mmear o Bl

Determination of sign of AFB very important.
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Universal extra dimension effects
Forward Backward Asymmetry
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N events

Recoil Physics

10
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the two Bs 1 hadronic
modes. .

= ...and do it with “high”
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* The remaining of the event
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L

You have a single B beam!!
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Recoil cinematics well known
Recoail flavor and chargeis deter mined
Event closur e needed with neutrinos

Thefinal efficiency is ~0.4% (per bb,, pair)
* b ~4000 B/fb! (at 30% purity)
P 1500 BYfb?
P 2500 B*/fb!
> 107 recoil Bsin 10ab?
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My personal conclusions

—a
B Physics is far from over

Unitarity Triangle precision measurements mostly done by the end
of the current program

At around 1-2 GB-pairs theoretical errors begin o dominate
NP will leave its marks in low energy processes:

although LHC will hopefully measure masses, the determination of

couplings and phases will require clean, precise measurements at B
Factories and LC

hadron machines do play an important role, but many channels are
out of reach to them: B, and very rare processes are their atout

large samples at e+e- machines (10-50 GB-pairs) are needed to
reach the required sensitivity

B Physics is not too popular these days (at least in the US) ...
BTeV has been "terminated”
SLAC has decided to focus on the LC effort
but upgrade program still vigorously pursued at KEKB/BELLE
although KEKB/SuperBelle upgrade may not be ambitious enough
- Joint workshop at Hawaij, April 20-22

.. but in fact is still a ver'K powerful laboratory.
Strong endorsement of the Super B Factory by the community.
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Sensibility to NP
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Theoretical uncertainties

—

Measurement (in SM) Theoretical limit | Present error
B — ¢vKg (83) ~ 0.2° 1.67

B — ¢Kg, n'""Kg, ... (8) ~ 2° ~ 10°

B — wmw, pp, pr («) ~ 1° ~ 15°

B — DK (v) < 1° ~ 25°

By — v (85) ~ 0.2° —

B, — DK (v — 205) <L 1° —

|Vf-h ~ 1% ~ 3%
|Vl ~ 5% ~ 15%

B — X410 ~ 5% ~ 25%

B — KYWvup ~ 5% —

March 2, 2005
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Unitarity Tr

e*e Precision 1Year
Precision
M easur ement Goal 3/ab | 10/ab 50/ab LHCDb | BTeV
V,p (inclusive) syst =5-6% 2% 1.3%
Vp (exclusive) (w.p) | Syst=3% 5.5% | 3.2%
V¢p (inclusive)
V¢ (exclusive)
fy, B(B—pv) SM: B~5x10"7
f, B(B—=T1v) SM: B~5x10° | 3.30 60 130
fb to ~10%
Vi Vis (0/Kx) Theory 12% ~3% | ~1%
)
March 2, 2005

F.Forti - Physics at a Super B Factory

22




Unitarity Tri

_ e*e Precision 1 Year Precision
M easur ement 3/ab 10/ab | 50/ab | LHCb | BTeV
a(nr) (S, B— nw BRs+ isospin) | 6.7° 3.9° 2.1° - -

a (pw) (Isospin, Dalitz) (syst >3°) 3,23°(16,13°| 1,0.6° | 25°-5° 4°
a (pp) (penguin, isospin, stat+syst) 2.9° 1.5° 0.72°

3 (I Ky (all modes) 0.3° 0.17° 0.09° 0.57° 0.49°
~ (B—D®K) (ADS) 2-3° ~10° <13°
~ (all methods) 1.2-2° 7° 8°

Theory: a.~1°8~0.2° y<<1”
=
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More Rare d

Precision
M easur ement Goal 3/ab 10/ab 50/ab | LHCb | BTeV
I'(b—dg) / I'(b—sg) - -
B(B—D®)1v) SM: B: 8x10-® 10.2% | 5.6% | 25% - -
B(B—svv) (K-9, K*-9) | SM:Theory ~5% ~30 - -

1 excl: 4x10°
B(B—invisible) <2x106 | <1x10°© | <4x10°7 - -
B(By—pp) - - 1/2 1/2
B(By—TT) - - : _
B(T —p) <108 - -
e
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b—>dl"l

ete Precision 1Year
Precision

M easur ement Goal 3/ab 10/ab | 50/ab | LHCb | BTeV

B(B—Kmtm ) /B(B—Kete) |SM:1 ~8% | ~4% | ~2% X X

Acp(B—K* I+ (al) SM: < ~6% | ~3% |~15%| ~15% | ~2%
(highmass) | 005% | ~1296 | ~6% | ~3% |~3%(?) | ~4% (?)

APB(B—K*[*]) : 5, SM: #5% | ~20% | ~9% | 5% | ~12%

AFB(B—K*I*I) : Ap

AB(B—d*l) 1 5 27% | 15% | 6.7%

Agg (B—d™l) 1 Gy, Cyy 36-55% | 20-30% | 9-13%
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