BEAUTY PHYSICS

Comparison of the discovery potential
at Belle-ll and at the LHCb



BEAUTY IN THE LHC ERA

d if new physics found at LHC (U otherwise...

— the effects in B/D/K/t decays; —> search for deviations from SM in flavor
= flavour structure of physics will be one of the best ways to
new physics look for new physics.

U Long list of important measurements driven by theory and experimental results:

= Unitarity triangle with O(1%) precision: tree (|V |, Y) vs loop (|V4|, B)

= Inclusive measurements (preferred by theory): b— u, b— sy, b—dy, b—>s Il
= Charged Higgs searches in B—zv_.and B—-D(/zv ;

= Non SM CP-phase: high precision b—s studies, B,

= Non SM right-handed currents: CPV in B>K™*y;

=Scalar interactions B, ,—utu

» Lepton Flavor Violation (LFV) e.g. t—uy

...most of them very challenging experimentally 2



Experimental opportunities

TEVATRON: CDF, DO

Typical data samples
used in published results
2-4 fb!

LHC: LHCb, ATLAS, CMS
o( bb)=~500 mb

BS%J/\V(P ,

10fb' @ LHCb
100 fb! @ SuperLHCb

PEPII: BaBar, KEKB:Belle

195(0.75) ab ' (@Y(49))
0.57(0.4) ab""

SuperB-factories (SBF)

SuperKEKB: Belle I, SuperB
Bellell o( bb)=1 nb
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>50 ab!




(Super)B-factory vs LHC(b)

e+e- — Y(4S) »> BB

pp — bbX (Vs=14TeV)
500 mb

~1012 bb/year

o( bb )/ 6o~ 0.006

Gpp 1 nb
production rate ~1010 BB/year
pulrity o( BB)/ 6.y~ 0.25
_ BOBO(50%), B*B-(50%),
b-hadron types B, at Y(5S)

B9(40%), B*(40%), B4(10%),
B.(<0.1%), b-baryons(10%,)

Wentisee BB w/o other particles Eg =+/s /2

many additional particles

flavor tagging coherent BB - mixing

Incoherent B%(B,) — mixing

b-hadron boost small (fy=0.43)

large, piy 50+100 GeV

up to ~4 GeV
— background from soft photons

Piap-Secondaries

O(10) GeV
— y/m° separation

vertexing BB — vertex separation ~ 200um

secondary vertex ~ 3mm




Basic tools

Q LHC(b) O B-factory
E; ~ 50100 GeV

= vertex displacementm

B~y K™
l LK
[Tt Thay

By—Lr
I ™ S——

Sufficient to study time-evolution
of B-system.



Basic tools at B-factories

Q B-factory: BB without additional particles = Eg =
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Basic tools at B-factories

O semileptonic decays at B-factory.

B—hlv, l=ew X,=D,D,D ,Tp,o..

EvisEEXh +E} ﬁvisEﬁXh +ﬁl‘

requirements on
M, and AE of B

bc

for channel with single neutrino



Basic tools at B-factories

= reconstruct one of B-mesons (B..,) in a clean hadronic or semi-leptonic mode:

tag

all remaining particles associated with 279 B (B Pyig = By Drag)

sig)
— study decays of Bg:
e inclusive,

e with unknown missing mass (e.g. multiple neutrinos),

| Data
|l:p-
i_lﬂumd
| I Other backgrounds

|
910 | BE s

3% p* | 65212
5%

e with large non- BB background... ESE E
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UNITARITY TRIANGLE

= Unitarity triangle with O(1%) precision: tree (|V |, Y) vs loop (|Vigl, B)

”|V,,| - tension”

LKM_sin(2B)=0.798 +0.027/-0.036

0.655+0.0244 (J/yK,)
~0.58%0.06 ("clean” penguin)
> 2.56 deviation

@mer : no sin(2B) measurements used

[ S . RN -,
P . AY EI@X : direct measurements
20 05 00 0.5 1.0 15 2.0 FPCP 2009

PRELIMINARY

|Vublx‘| 0 |Vcb| x107°

- CKMFitter 3.51+01% - CKMFitter 43.9+068

« Boniv 3.5%08 PDG | E=E=SsNAY 38.6+1.3 5
e Bosulv 4.12+0.15+0.40 [WECIEE- B—sc/v 41.640.6 [

The effort required to further improve the knowledge of IV | and |V | is well motivated.



Unitarity triangle from tree amplitudes

1

sol/w/cos 2B <0
(excl. atCL > 0.95) —

i
15 2.0

Numbers in the Table:

T. Browder et al.,
New Physics at a Super Flavor Factory,
arXiv:0802.3201 [hep-ph]

Expression of Interest for an LHCb Upgrade
CERN/LHCC/2008-007

« CKMFitter

* measured

CKMFitter:

(66.8%373)°
+ 7 fo)
(70 *57)

from measurements in B—DOK()
decays, using several methods

observable current superBF |superLHCb
sensitivity (50 ab’') | (100 fb1)
|Vl (incl) 1.5+2% 0.7+1% —
Vel (excl) 4+-5% 2+3% —
Vol (incl) ~ 8% 3+5% —
Vol (€xcl) ~18% 3+5% —
wisen | ~30°(CKMFitter)
KO . 0o o
v (B—>DVKDY) ~15°(UTiit 12 <1
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(Semi)tauonic B decays

= Charged Higgs searches in B—wv. and B—>Dwv_;

|.m ganp

W-mediated
annihilation

m tanf+m cotf

sensitive observables e.g. t polarization

New Physics at tree level.

multiple neutrines in final states
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difficult signature:
e/u/n/p... @ invisible

Events [/ 0.1 GeV

Hadronic Tag (449M BB)
PRL 97, 251802 (2006)
y o9 Oe \eD)

07 1 |-“.“f“""l"""|-----4----.4.., A L L

Eec, (GeV)

Semileptonic Tag (657M BB)
B>ELLE-CONF-0840, arXiv:0809.3834
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BollesBagar: - BF(rv),-(1.73:03510 (ST (T

A BF(tv.), =[0.786%2179x104
b IFaEse (i = 0.3 The decay constant f; cancels in
BF(tv) is not included in the fit the ratio BF(B—tv,)/Amg, leaving

2 56 deviation limited theoretical uncertainties
BF(B~ > 1V.) (sinsz
. x .
@ltter : prediction from the global fit; Am, sin’y
measurements Of Sin(ZB) 1.5:|exLlu;8d|areahalsclL>|0;5! T T 1T L I I Y I O
and BF(B—1v) not used - amg
3 1-CL 1.0~ E ]
°-3°_1'°"'|""|'"'|""|""_ 1.0 i : ]
- 1 o9 c
0.25 — 03~
C ] 0.8 C
~ 020 - 4 [Ho7 = oo
& 1 |Hos -
£ 015 - - Hos ~05[
o . 1 Hoa C
m o.1o:— — 10 -
oosh L % Consitraint from B* — t* v, and Am, 1
: __ _I 11 | | L1 1 | | | I | | | | T I L1 1 I_
Thiter %0 o5 oo 0.5 1.0 15 2.0
s Io!sl - Io!7l B Io!sl - Iofgl P
sin 23

The tension is not driven by the decay constant f.




B—DO)y,

D
<o

OELLE

530 fb!
PRL 99, 251802 (2007)

FIRST OBSERVATION,
significance 5.2c

BF(B' - D t'v_)=
(2.027 03 (stat) £0.37(syst))x 1072

T. Browder et al., New Physics at a Super Flavor Factory, arXiv:0802.3201 [hep-ph]

(missing mass)?

M, of the tagging side

6ot | ] “g a0
| T~ DATA 2
50 il 13 3s[
sl - signal @ MC
bckgr. O
30} 203
201 15; R - ',
10f H- 1:E o .‘
O3 4 s 6:2 7 L e s
M., [GeV“/c'] Mg [GeVIC']
observable current superFF superLHCb
sensitivity (50 ab™) (100 fb1)
BF(B—1tv) 30% 3+4% —
BF(B—uv) | not measured 5+6% —
2+-3%
BF(B—D1v) 31% transverse 1 —
polarization

14




Charmless, hadronic B decays

= measurements of a from time dependent CP violation (TCPV) in B—n*m,
o, pp; important ingredients to extract a: B*—>n*n0, BO—noxn0

= search for non-SM amplitudes in B decays with b—s(d) transitions

B —Kn puzzle

Belle, BaBar, CDF= ACP(K+R ) —0.098 +0.012
% Acp(K*)= 0.050 +0.025
g A F,(K0n+) 0.009 +0.025 ( rhe T
T |> Acp(Ko7%)=-0.01 £0.10 ]
Scp(Kn%)= 0.57 +0.17 <TCPV=
needed for adata g __ _ gin(2p,,) = X — 1P profile
driven solution with B vertex
sum rules e

= search for non-SM CP-violating phases in TCPV violation in B—f, with
FCNC B decays, e.g. BO—oKg, 0K, B.—¢¢

B-factories superior for the modes with neutrals 15



(Charmless) hadronic B decays

Numbers from:
PDG, HFAG,

T. Browder et al., New Physics at a Super
Flavor Factory, arXiv:0802.3201 [hep-ph]

observable curre.n.t superFF | superLHCb
sensitivity (50 ab™) (100 fb'1)
o(TTTT, P, PP) 15°(CKMFitter) 1+2° —
S(eKO) 0.17 0.02+0.03 | 0.025+0.035
S(KgKgKO) 0.20 0.02+0.03 | 0.025+0.035
S(n’K9) 0.07 0.01+0.02 —
S(p) not measured — 0.01+-0.02
sin(2B) (J/yK) 0.025 0.005+0.012( 0.003+0.010
Bs (Jwo) 1.1+1.2 0.0015
B, (KKY) —

Expression of Interest for an LHCb
Upgrade CERN/LHCC/2008-007

. B. Di Ruzza
BF (B, — @) = (24+8.9)x10™°

}

B, B, =arg(

. GDF 1.35fb '+D@ 28f "

020
041

-0.6
-3

ts' th

@ DPF 2009

—VV IV.V))

cs’ cb )
HFAG

.
:

99.7% CL —

pvalue = 0.031
225 from SM

-2 -1 0

¢;

1 2 3
Ivé = _267/%¢ [rad]
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Radiative and semileptonic decays with b—s(d)

TCPV K 'y, 0

‘B Xy e B — K*y b—sys., [

PRELIMINARY

BaBar O i -0.08+£0.31+005
Xiv:0708.1614 % a
B — Xs l+l' B — K(*)l+l' > gelll:; : =1 -0.32 9%+ 0.0
& PRD 74 (2006) 111104 %% :
—_ Y ﬁgirgge Iit ; B 0.19 + 0.23
correlaied average ol H i
*B— XS Vv ‘B—->K Voo e Balar v N D R B0 o
: : : ..  PRD72(2005)051103 ' e :
= inclusive b—d = exlusive b—d S Balle 00) 111104(RyTRAMEARL 01020312007
< ANREYE e * 0.09:2024
correlated average L g
*B— Xdy *B— py I T aBar " [ * """" RN -EX RN
= ar}(w:DBOS.ﬂ%W B [ 5
& Average -0.18 £ 0.48
HFAG correldied average '
}-E%IEDBOBMBD """""""""""" (- P11 E0a3 TR
AFB (forward'baCkward asymmetrY) in % A\rerége | : 0.11:0.3-51
. ) L4 HFAG Torrelated average ' '
b—s |I* |- arises from the interference > y 5 ;
0 " =
between yand Z° contributions B — K+
<& 1F
Forward Backward 0.8}
I I 0.6F +
o L —
. K 0 K" 02F |
l l’ 04k 1 Ll T
"0 2 4 6 8 10 12 14 16 18 20

g%(GeV?/c?)



Radiative and (semi)leptonic decays

observable current superFF | superLHCb
sensitivity | (50 ab") (100 fb'1)
Acp(b—sY) 0.028 [0.004+0.005 —
Acp(b—sy+d ) 0.12 0.01 —
BF(B—X y) ~ 40% 5:10% —
BF(B—pY)/BF(B—K™) | ~16% | 3+4% —
0 0 N —
SfS?B?jggyy) 82; 882_8?2 — =4 PRL 100,121801,2008
S(B.—oY) A | BF (B, — o) = (574557 x10°°
BF(B—X [*]) 23% 4-:-6%
Aeg(BoX I 1M)s,) 4-+6%

AesBoK0ut s, 0.07 GeV2 | — cor — rosas i
BF(B%K V_V) 16-20% August 2009
BA(B.—»p ) 5:10% |E=—7—"

BF(B,, —>u*u) 36 —— -

...many interesting opportunities for non-b physics:

e charm mixin?

to tes
°T

and CPV are a unique handle
FCNC of u-like quarks

LFV: t—uy, t—pup

0.m I I1
Branching Ratio x 106

100

18



Summary

The flavor sector of the Standard Model passed fundamental tests;
yet there are several measurements that are uncomfortable for the
Standard Model:

CDF and DO demonstrated the power of hadron colliders in b-physics.

The needed decay modes & technigues established at B-factories.

Things to be improved (in addition to rate/radiation tolerance)
- Better particle identification;

- Larger radial size of vertex detector to accept more Kg;

 Innermost sensor closer to the IP to improve Az resolution;

* More hermetic detector to help reconstruction of invisible modes (w/ v);
* Reduce material;

(Super)B-factories and LHC(B) quite complementary to each other.

19



Summary

Sensitivity Comparison
Super-LHCb 100 fb-! vs
Super-B factory 50 ab-!
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Plot by S. Stone,

SuperBF-numbers from M. Hazumi

No decay vertex,

neutrals, v,
inclusive
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KEK-Roadmap

KEK Roadmap

J-PARC
KEKB

upgrade experiment + upgrade
LHC

construction experiment + upgrade

PF/PF-AR
R&D for Advanced Accelerator and Detector Technology
ERL

C-ERL R&D construction test experiment

PF-ERL

ILC R&D _
construction

21



TOWARDS SuperB-factory

_.—:—-\ ( !-“3.- K*l| E-F
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The needed decay modes & techniques established at B-factories
22



Summary of KEK Roadmap

(A.Suzuki)

KEKB

Photon Factory

ERL R&D

LHC

ILC R&D

2007 2008 2009 2010 2011 2012
| | | | | |

operation & completion of 1st goal
N -% I

- Ipower upgrade >

upgrading to Super-KE

I - ] |

operation & upgrade
- -

continue R&D and compact ERL

] >EI = >
construction operation 1St results

1 -5 B
LHC upgrade >

>

lots and lots of R&D’s TDP2
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. : cosyy,y B
9y = o E o
P 50
40 |
30|
Apg(B = K*(707) = =Cipé(9?) {R"(fg)ﬂ * quC-?le : |
= pRL 102,021801,2009 EENEOM . vt

Observed signal from a rare

BF(B, = D;1") = (3.67"0 2 (stat) "5 (syst) £ 0.49(norm)) x 10~ _ :
: : 03351402 (575) ) semileptonic B decay




