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Outline

e

e Why the Y (5S) Resonance?

e Experimental Challenges @ Y (5S);

e CP Asymmetries @ Y (5S):
- BB coherence; %5;Cii§7
- Time Integrated CP Asymmetries;

e Accessing the B,-B, Mixing Phase:

- Time Integrated Measurements to extract the
same informations than Time Dependent Analyses;

— The “At Sign" method; %@
e Rare B, Decays;
e The Impact on Flavour Physics. 7Y
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Why the Y (5S) resonance?
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The UT in the SM picture

=

e The B-factories' legacy at
present:

- Good knowledge of the SM free

parameters; 0.5

- Consistency of UT and SM
picture;

- No deviations from the SM yet;

Most likely, NP effects in By mixing
too small to be measured at present
machines (i.e. ~ lab™). =]

e The LHC era:

- UT precision measurements from
LHCDb;

Main motivation for new flavour physics experiments
only to look for NP effects (HOW? WHERE?) //,)
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The UT and NP

e

e The abundance of experimental informations allows to determine the
UT and the NP parameters simultaneously;

e SM expectation clean and limited only by computational power (e.g.
lattice QCD);

SM SM+NP dark: 65% ‘E; “ NP Strongly
SM SM 601 .
(Vuchb) tree level (Vuchb) 40;_ Constrained
YSM YSM 202—
Bd Mixing &= . F of
BSM BSM+¢Bd em" sof— -205—
r -40—
aSM OLSM— ¢Bd 405_ 3
Amd CBdAmd 205_ -802— UTjis
. . of TR EFSPRTETI AFRPETEVE AFRTEErE EATAPI R
BS M'x,ng -20:_ 0 1 2 3 4 5 c 6
L Bd
AmSSM CBSAmSSM 40
BSSM BSSM-I_(I)BS -605— UTe
-80f . Lo ..‘m:.
Y e C First Bound
B

SM
€x Cey ¢ X
g )
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WHERE: b - d vs. b —s
.

b - d b - s

e Many precision measurement e Large NP effects not ruled out
already available; by present measurements;

e More measurements with a e Can be studied using through
SuperB at the Y (4S); Radiative Penguins and CP

asymmetries in the By sector

BUT...

e At present, no evidence for BUT. ..
NP. e Large theoretical

uncertainties in the B, sector
w.r.t. the experimental reach

e A new approach — constraining the Bs mixing phase:

- lifetime difference Al; Running at the Y (5S)

: _ !
- CP asymmetry 1n mixing (A, ); resonance.: /)
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Y (5S) Production & Decays

_Z

| efem @ 1086 GeV |

e

o(ete” —7T(5S5)) ~0.3nb
[U(B—I_B_ — 1 (4S5),s=10.58 GeV) ~ lnb}

u,d,c,s continuum

y
e v \ B gOC*)
BBnt, BBnmmw, etc. 0(3) p0(*) + - _ o
[(BB continuum) } By By, BTB (~ 26%)
(~ 58%) ¢
4 )
r h BY* B
For a given luminosity (w/o the BB cont.):
~ 17% of B, A w.r.t. the Y (4S); (~ 94%)
~ 16% of B, w.r.t. the number of B, at the Y (4S); \. J/
. J

References: CLEO (hep-ex/0607080) & Belle (hep-ex/0605110)/)
. | N[N
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Event reconstruction

L

e Reconstruction techniques inherited from current B-factories:

- We don't reconstruct the additional particles (mW,Yy) produced in
the Y (5S) decay chain;

- separation of different components using kinematic variables.

=]
N
I -

/i'Good separation i\
between Bd and Bs
in mES (next slide)
* BBT discriminated
by the (continuum

\like) mES shape )

*
(99)
0

*

mes = /(s/2 + p; -po)? /B2 1
= ) )
538 54 542 544 M BTV
- - m-ES [Ge\-ﬁcz] /)
0 . INN
Francesco Renga - Super-B V 9O (L

_0_3 ||||'|||'|‘||‘|'|‘|| S I A



TRACS

FINIE N
[ALL CHARGED} frar | [L L photons}

20fF

7 VR Y TRT)
m,, [Gavie’]

. HHYe S50 WL T e
525 525 53 532 534- 536 538 54 542 544

m_, [GeVic?]

( 0

% 100 B, oK%Yy im 3 photons Byr+stW_r_T_?
C . 1 iﬁu;-

Yl | 'M HM g UD:> 1 M N

. : : e | |
. ‘ h Y {1 from mES to mMISS «- * | | H .
o il r | 3 (the mass of the T—--'i_.__; N YT 3
A, o L, 1 other B obtained with iiui budlssebbiiat, .
053 528 B3 \ e ) ' '

Mies [GeV]

T ”hﬁhl a mass constraint)
. NN
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CP Asymmetries at the
Y (5S) resonance

)
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B pairs coherence
W

e B pairs at the Y (5S) mainly produced in association with
photons;

e What about the coherence of the B pairs?

e It can be shown that:

In the B, ,*B, ,* case and in the B, 4*B, 4 the state is

B, 4B, 4 case the final pair is in an symmetric —% different
antisymmetric state —® the time time evolution;
evolution of the B pair is the same
than at the (4S);

New B, 4 Time Integrated
measurement

By TD analyses still
possible

72 INFN
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Time Integrated Analysis

e

e BB pairs from B*B events have CP = + ;

e Different time dependence w.r.t. BB pairs at a Y (4S)
B-factory (at a given time both B have the same flavour);

e« The integrated asymmetry between B - £ and B - f for a CP
eigenstate f is:

) 2 . _ foo_ qéf
o= (52 (- )L — \opP) + 4m(0Np)  Mor = 33

L4+22 ) (1+92)(1+ M2 ?) — dyRe(N,) z = Am/T, y = AL/2"

e New perspectives for both B; and B,, in these channels for
which TD analyses are not enough sensitive to determine both
Re(A) and Im(A) (e.g. neutral channels).

« EXAMPLE: impact on the o measurement with B, - n'x°

)
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Time Integrated Analysis

e

- Rate and asimmetry used to determine o through an isospin
analysis —®» ambiguity;

- TD analysis at the Y(4S) not enough sensitive to extract

both Re(A) and Im(A)

(or equivalently S and C);

- Time Integrated Analysis at the Y(5S) allow to constraint
Im(A) and reduce the amiguity.

3 [
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Accessing the B, mixing
phase

)
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Using the At sign

e At distribution for Bs*Bs* events, with one B into a CP
eigenstate and the other one into a tagging state:

\\
P(At) ejf_tl |:H,1 cosh (&T;&t) + Ky cos (Am,At) @&F‘)&t> + K4 sin (&msﬁtj>

: : 1 1
sine and hyp. sine terms Ky = 5(1 NP = —qmga(l — AL P)
give a At > 0 vs. At < 0 = -

— f o f
asymmetry = —Rel\gp  Ke = —GraglMAGp

Use with the

Nm}u?qmg(’ReA,Im/\ = Niot f{] At qmg) R(At)d(ﬁt) I measured yields
[i> to set a

NAt<0,q10 (ReA,ImA) = Ny fEm P(At, giag) ® R(At)d(At) constraint on
//’ Re(A) and Im(A)
resolution function
)
il INFN
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Using the At sign

_Z

THE SIMULATION

e Full detector simulation (with BaBar performances) to
determine signal and background shapes of the discriminating

variables AE, mgg;

* BaBar efficiencies, At resolution & tagging;

* Toy MC experiments to extract the sensitivity on Re(A) and

Im(A).

25_||II||||III||||I|I|||||I||||

o(p ]

TEST 20:
15| .
« PBs from B, -~ J/y ¢ (assuming only

100+ N
one polarization and |A| = 1): i ]

e [ -
Integrated Luminosity[ab™] /j
0 . INN
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Using the At sign

_Z

B, from penguin modes

e The same technique can be applied to extract B, from penguin
modes (e.g. B_ - KK°, penguin dominated as B, - 0K°);

A(B, — K°K°) = — ViV

e The theory error induced by P%™ £k
can be estimated (hep-ph/0703137): & = Stat.

- Evaluate P;™ contributions in ° oo, = Theor.
B, > KK’; e ;

- Estimate the maximum P,SS™ value e
from a 100% interval around 10 .
P,°™ (to take into account
SU(3) breaking); 51

—~ Use this maximum value to o .
estimate the theoretical T [ T T
uncertainty. Integrated Luminosity[ab™] )

0 . INN
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4 )

. I'12 \SMsin(2¢Ba) 'y (SM (3()8(2(;.?5]3.,:1)I
o Re( ) CBd +Im(M12) Cpa

J

[ Bd sector:

- Current experimental sensitivity cannot bound CKM in the SM;

- Bounds on NP parameter space;

e B, — B, admixture:

- measurements from DO (dimuons charge asymm.);

- A, sensitive to NP effects;

- Experimental precision at Tevatron is not expected to improve

)

0 . INN
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Semileptonic Asymmetry

e

Super-B @ Y (5S) can access A, and eventually

A*? if Bd/Bs separation is possible

SL

D(*) 1V

°* Counting Ds(*)'1l” v and

Ds(*)~ 1" v events against a
semileptonic or hadronic tag;

ﬂ-n_|0.007_|||.||||||||||||||||-|||||||.:I
7] -

< g :
& 0008/ Systematics

0.005[ / N

T
0.003}- —
L - -

0.002[ . -

Statistics

ke e o e e by by e e
% 5 10 15 20 25 30

Integrated Luminosity[ab™]

DILEPTONS

e Counting dilepton pairs;

« Possibility to access A;

o~ 0005 T T T T 7 T T T T T T T T T T T T T T T T T T T T T3
A :
< 0.0045) —
o — .
0 0004 - =
0.0035— —
0.003F -
0.0025F =
0.002 ;— —;
0.0015 ;—- —;

0.001 -

0.0005}— - . . -

- " .
G_I cov v v v v by e v v v v v By o
0 5 10 15 20 25 30

Integrated Luminosity[ab™] /-1

0 . INN
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Lifetime Difference AI

e

LIFETIME DIFFERENCE Arg = FL .

AT, o i Lo (265.) (1 + ngBa + nq Cos (OEM 3 QOB,,) - T ., SR (E(QEM + ¢8, })
= ——_— =12 —_ ; P o Ll o) -
&m . \ r Hr]‘. 1 Bl R? 2 BJ I?;‘I'

8 B" + 3 . { +Pen i ~Pen B‘.?. SM Han . (_’fé"on B: o
(n3+ B ) E (@f? +2¢8,) C e +ngB_1 —cos (¢ Qg T @y + 2¢p,) T\ +’ntl

t

e Sensitive to NP phase;

e Several experimental methods suggested.

Dighe et al. hep-ph/9511363
Grossman hep-ph/9603244 ¢ = 2[35

Dighe et al. hep-ph/9804253

Dunietz et al. hep-ph/0012219

.to access Al'_, Al' cos(0), Afgcosz(¢), all available @ Y (5S)

(we investigated the theoretically cleanest). ///‘)
e |NN
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e We considered the method that use the Angular Distribution in
B. » J/y¢ decays (hep-ph/9804253):

S

IN THE STANDARD MODEL....

dl'(B — fcp —odd) —I'pt
dt X € angular analysis to disentangle
T (/v and (3/y0)
dF(B — fCP —even) —I'yt odd even
1t X E

WITH A NP PHASE...

d‘i’}?’(ﬁ,t) — [

dpdt sin(¢orm)]e E + [..osin(dokm) Je

. .where ¢_. . is the CP violating weak

CKM

phase (q)CKM = 2[38 = 2(BSSM + q)BS) )

SM + NP )
.  IN N
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Lifetime Difference A’

e

RESULTS
— 1 - CAVEAT: problems with
E 09k E correlations between ¢ and A
Y = already experienced by DO.
Y - ERRORS ON [} E
0.7 -
0.5;— —i
usz_ _: 1'I—_| °'3_' e e e e e L B
- - [71] - i
osHl E = ERRORS ON Al :
“F £ < |
Pt L} T :
0.1F = - ]
% S T R R R R > -
Integrated Luminosity[ab™] oH E
0.05- } } + —
Error bars: RMS of the error - + + -
diStribU-tion nﬂ — EI - I1IOI - I1IEI - IEIL'II - IEIEI - I3Iﬂ|
Integrated Luminosity[ab™] j
. [N-N
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Rare B_, decays

)
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Francesco Renga - Super-B V 24 L/



th /Vts

e

e

o

S

o
\

>
= | UT
|V, ,/V. | measurement z fit
. . ©
e Sensitive to NP; >
= 0.004—
e Clean determination from UT fit via: §
o
~ E r
Amg dedeBBd |V;.:1|2 0.002
— _ - I
Ams mBSfBSBBS |V’;,s|
e Additional constraint could come I T a— 035 0.3

from radiative decays: V. /Visl

/r* Y (4S) *\\ /r* Y (58) *\\

BR(BO— p°y) _ Mial Ly 4 999) BR(BY— K *° Via| 1
BR(BS Koy) — [V @1 T (Bi— K" ) _ [Vial 1

/ BR(B? — K*0v) |V €2
SU(3) breaking /////’ No theo. uncertainties from

additional contributions

theo. uncertainty on

\ additional contrlbutlon \ /)

AW’ INFN
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Total error

— 2 T ] = L :
== [ 1 = I dominated by
- . 1.8 — Y 0.1 . .
X F 1 Te [ statistics
T M 1 = | :
o| 414 4 B 00 ]
ﬁ.m“ : ] [

o 120 E - i
55 1 e :
© - : i i

- . » .
0'8; ] 0.04 n
0.6 = i i
0.4H { } = 0.021- + .]. l a
0.2F- + t L= ]
:I 1 | 1 1 | 1 11 1 | L1 1 1 | 11 1 | I 11 11 | 1 : i L1 1 | L1 1 1 | Ll 1 I L1 | L I Ll 1 1 I L Ll I 1 ]
% 5 10 15 20 25 30 % 5 10 15 20 25 30
Integrated Luminosity[ab'1] Integrated Luminosity[ab™]

)
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s > MU

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII&?’

- uUuw and MFV

e B, - UL is one of the most promising decay to look for NP effects
in a MFV scenario:

2
1 | o 200 GeV\* [ nAf (v, vRe)
B(B, = u™ }‘x ~dx 107 ( M, ) ( 1; = (r = tanj3/50.)
‘ Y

SSM g o 4 A
h |ﬂ)

e Deviations of the BR from the SM (~ 3.5%*10°) are possible in a
MFV scenario, but a strong enhancement is already ruled out by

b - sy and b » sll measurements;

e An observation of the BR above the SM
value will rule out SM & MFV

e An observation of the BR below the SM
prediction will strongly confirm MFV

)

0 . INN
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B, ~ UM
"

e This is the worst case w.r.t. hadronic machines;

e Simulation with SM BR ~ 3.4*10° and NP (BR = 10*SM) ;

SM BR (only an UL) NP BR (10 * SM)
5.' L LI LELEL I LR 8 [ reyprrrrprrrrpreed LI LI
T E L. :
o 3 E Ii 4;_ ’ _
5 252_ _ ;"’ o -
2f ! E £ f l .
- . ] m - .
"5 E * E
o
0.55— _f E
S TR I T - - R TV - T R e - T
Integrated Luminosity[ab] Integrated Luminosity[ab™]

e [NFN
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B, ~ VY

_Z

e Important probe for NP:

- Branching ratio SM expectation = (0.5 — 1.0)*10°°%;
- NP can enhance the BR up to two orders of magnitude;

- Bounds on several models, golden mode in a couple of
scenarios.

e.g. R-Parity violating SUSY

up to 1 order
SM + NP of magnitude of
enhancement

P+ >0

i )
7
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o -1
Results @ 1 ab™' | Nsig = 14 7% in 30ab

guu; T T T T T T T ] kag — 20
180;*
160
140 .
1201 0.5 Relative error -
100~ = on Nsig =
80 0.45:— =
0l 0.4F =
a0/ - -
: 0.35F —
20— - _
gl ua; E
0.25 =
0.2 =
- N -
0.15F =
= . -
. . 01— ™ . —
First evidence = x m Z
at low uﬂs? =
. . — ] ] ] | ] ] ] ] | ] ] ] | | ] ] ] ] | ] ] ] ] | ] ] | ] | ] 1 ]
statistics O 5 10 15 20 25 30

Integrated Luminosity[ab™] )
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B, ~ 7YY

V)
Results @1 ab* | Nsig = 14 % in 30ab™
o Nbkg = 20
180}~ (} S!. 41/\E>

160
140
1 1

120

o Need for a deeper

80

60

. | theoretical investigation

Z. (Which is the potential of this channel?
Which constraints could we get?
Any idea?)

N /.

at low 0'05;_
statistics % B T R T R T S—T
Integrated Luminosity[ab™] )
il INFN
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Impact on Flavour Physics

)
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UT in the SM

_Z

ASSUMING 75ab ! at the Y(4s) and 30ab™! at the Y(59)

|;L’I.E_

04

0.2—4 u_

S O
S O
| |
N
oo W
o0 o©

0.2

-0.4

e

Vi
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UT beyond the SM

W @
ASSUMING 75ab ! at the Y(4s) and 30ab™! at the Y(59)

[y

5 = 1.9°
i3 8C = 0.026

10

-15F

—lllIIIIIIIIlIlIIIIIIIIIIIIIIIIIIIIIIIII' llllllll
_2&5 06 0.7 0809 1 111213 14 15

)
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Conclusions

e

e The physics case of a SuperB factory running also at the Y (5S)
resonance has been investigated (see also hep-ph/0703258);

e Different final states with BB + photons can be produced:

- Experimental issue: disentangle the different states » can
be easily done with the usual kinematical variables;

- Time Integrated Asymmetry using B*B events;

e« B, mixing phase can be accessed also without Time Dependent
Analyses —®» At sign analysis, angular J/y¢ analysis,...;

e Additional and independent constraints on CKM parameters can be
added —» Vtd/Vts,...;

e« Rare B, decays can be investigated;

We showed that an additional Y (5S) run can complete the results of
the main Y(4S) run to improve the knowledge on CKM Matrix and look
for Physics Beyond the SM. //‘)

. [N -N
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Backup slides

)
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Time Dependent analyses

e

Y from Time Dependent analysis

e TD analysis can provide additional determinations of CKM
parameters;

e In the B, sector, at a B-factory, this kind of analysis is
usually affected by smaller theoretical uncertainties w.r.t. B,
sector or hadronic machines;

e The most promising case:| B,— KTK~ & BS_:,KUF
In the RGI formalism:
A(B; — K°K®%) = — V,,V:P™ —V,,ViP
A(Bs — KYK7) = = VasViy(Er + As — P¥) 4 Vi, Vi P

6 exp. measurements (BR, S and C for each decay)l

FIT FOR Y

)

. [N N
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What about LHC?

.

Bs - UL (Super-B: Nsig = 2.5, Nbkg = 3500)

1 vear B, —» p.”_ T b—u, b—p  Inclusive bb Other
. signal (SM) background background backgrounds
LHCDb 2 ! 30 <100 < 7500
ATLAS 10 fb-1 7 <20
CMS (1999) 10 fb-! 7 <1

Bs - J/y ¢ for AI' and sin(¢)

Expected sensitivity: (at Am_= 20 ps!)
v LHCb: 125k Bs—J/y¢ signal events/year
> o, (sin $)~0.031, 6, (AT /T )~ 0.011 /(1year, 2fb™) Exploiting Am_

ﬂ&“(sin $.)~0.013 after first 5 years)adding pure sensitivity
CP modes like J/wm, J/yn’ (small improvement) (TD analisys)
v" ATLAS: similar event rate as LHCb but less sensitive
= o, (sin ¢_)~0.08 (lyear, 10fb1)
v' CMS: > 50k events/year, sensitivity study ongoing

)
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What about LHC?

.

Bs - 0y
In 1 vear LHCb expects tricoered and reconstiucted: ATLAS ected sional events/vear:
35k events B? —» K% (K*n) v; S/B>1.4 B;— K%y ~33kev.;S/ VBG > 5
9.4k events B, — ¢ (K'K™) v; S/B=0.4 B,—>d¢y: ~llkev. ;S/NBG=>7

We studied Bs - ¢y and
found:
7.9k events
and
S/B =1.9; S/sqrt(B) > 100

Francesco Renga - Super-B V 40 L/



Event reconstruction

_Z
BBt vs. BB SEPARATION
o= — BBr|bk E
B o~ = g Lo AE oA =
200 — EH 1400 | I'.I ;:., II'III sj g na |
— 1200 / / '|
150 mH icc HHHH.\_H 1000 :_.r"l I'f"j
100 \ N f;f II".
h 600 s P \
400 // \ )
50 1I". L~ ) ,-*/ '-.,“ ‘-..1“
- Y 'I EW-___ ~ - \\\, .,\H _
Ba saAms T sar  sAB  saz  sam a3 R T R TR T R Ty R T

AE[GeV]

CAVEAT: the BBn background can be important in final states

with an odd number of s quarks (Kxy, K&, etc.):

« B, decays CKM suppressed w.r.t. B, decays;

« B, decays (sometimes) suppressed by dynamic (penguins or
annihilation vs tree).

NOTE: only UL for the BBt BR — We use the UL (worst case). ///—)
e [N N

a1 (_
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BB coherence at the Y (5S)

_Z
\
%:>>%$1 B
B* B:k\A
Y i
e Cyissy = -1; BB in an antisymmetric
state, like at the
* Cyp= *1; Y(4S9)
- _/
4 B R
Y(5S) 17~
B« D
B* B;\\\\“v
* Cyssy = -1 BB in a symmetric
state
° CY= _l;
- /47)
7 INFN
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Time Dependent analyses
_Z

e Main Question: Which At resolution do we need to be sensitive to
TD-related quantities (S and C)?

e
%1.8_— / —
¢’ .. error on S(J 140} E
141 @ 30 ab_l —E
b ] E requested At
i E resolution
08 = ~ 0.1 ps
0.6F t =
0.4 t -
0.2 ot 7'
obikinibin 0,827 7 Lol
0.02 0.04 0.06 0.08 0.1 012014016J1B 02
Non gaussian pull SaPs]

)

.  [NFN
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B, -~ U

e

e ...realistic improvements on the detector performances can turn

into important improvements in the rasult.

Just an example: improving vertexing
performances in such a way that B and D
vertex can be separated on the tag side

N.Neri and M.Pierini
talk given at the superB

workshop in Frascati s T
o |E_'-’=/--:Z_’
s -
o S Nsig=41+12 (40)
| / e (BR~10SM value)
T nﬁ_ r"'d/ " Lep
o) . SM: 90% prob UL of < 2.2 * 10°®

“w | 8Q = Lgy x SIGN(Qg - Qp)

It is not unrealistic to assume
that in this way bkg can be
reduced by a factor 5

i

Francesco Renga - Super-B V 44 L/



