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U!C{’ Introduction

O o extraction with LHCb

I - Time dependent Dalitz analysis of B> (pm)°

IT - SU(2) analysis of B > pp modes

[ Experimental challenge :

- Reconstruct B > 31 & 41 final states ina
high multiplicity environment

* Neutral n°in p*p-, p*p’, (pm)° decays




Neutral pions reconstruction with LHCb

x102§
K Resolved m° : =0 b B w0 events .
neutral pion reconstructed from a pair of isolated photons
1000
mass resolution ~ 10 MeV/c? o |
6"02‘ " Resolved w0

0 «Merged» o : -
High energy m°s form a single Ecal cluster with merged photon @ .~
showers. 5
The photons pair are reconstructed thanks to a dedicated
algorithm based on the expected shower shape.

all m0s

mass resolution ~ 15 MeV/c? T
L |
3 m° reconstruction efficiency wof
i .+ Merged m°
. B,— mmm®events
<e>=5H3% 2000;_ ang;iom B

Efficiency (%)

33% from resolved .
+ 20% from merged
1 2 3 a 5 6 7 8 9 10 50 100 150 200 250

P, (%) (GeV/c)

2
Transverse energy (GeV/c) n° mass (Mev/c?)



we can simultaneously extract oo with amplitudes and strong phases. tsnyder.quinn,1993]

The time dependence of the tagged Dalitz plot distributions
provides all the required information : f(s*,s-t, B, )

IV) 15 p+1T' pOT(O

5 p—“'.' :

s*=m? (1r+1r°)s+

I't

+1
o A Am -
Mi(s*,s™,t) = e z{cos(Tmt)Ai(s+,s_)+i(gj sin(Tmt)A+(s+,s_)}
p




extracting a: the

Maximize a Likelihood with 9 parameters @ ( + background fractions r)

Theoretical ingredients Phenomenological ingredients
A, =fTA"+f AT+ A" The p line-shape
with A =Tl 4 P! 20 (figo +BES, 1, j X Y" (cos62'(s*,57))

and Isospin: (P*‘ + |:>—+): _Hp%
6= (0 T,07, T, 0", P87, P,5)

N
}

[(&,i:) i |:(1 r)ggm(skﬂsk’ k) z - Nlb (skaska k,OC){ +Zrbkg41kg ®G(G+,G ,G)

AN =~/ /

Event Experimental  Experimental Background Experimental
Yield acceptances (mis)tagging contamination  resolutions
tag = +1/0/-1

Experimental ingredients




LIEICI‘D The B

r)‘ f)r r a—l N »
B3 gelection

O Multivariate selection based on :

» Particle identification
Charged pion Id, neutral m° clusters, ...

Motnente sur

021 signal

- Kinematical criteria
Transverse momenta, ...

0.154

_inclusive bb

- Vertexing criteria
Impact parameters, vertex isolation, ...

0.05-

. =

. ALL('IT) +°Z(PtJET) (RESOLVED r0)
0 Combined PDF P, (w*°)/B (GeV)
008 f Inclusive bb
007 J B>3m
" O's_é_jnclusive bb

overflow

0.04
0459 inclusive bb

0.03 | 0.11

0.05

0.02 |

0
0O 02 04 06 08 1 12 14 16 18 2

dmin (mm)

0 T T T T T T T

0 001 002 003 0.04 0.05 006 007 008
3(B/Brec) (MERGED 10)

—>

O(PV-5SV.Py)

0.01 |

-30 -20 -10 (6] 10 20 30

Xpor



3 1 million of fully simulated B>pm events
> ~10 days of LHCb @ 2.1032 cm2s!

> 1300 evts selected % 2004 Babar statistics

> 50% with merged m°s

a 33 millions of inclusive BB events
> 15 mn of LHCb @ 2.1032 cm?s™!
3 signal events selected & passing the trigger

€det+rec Egel 8‘rr‘ig Etot

4% |3.5% | 50% | 7x104
N, = 14x103 evt/2fb-!

5 background events in side-bands (D,m,D()0) & rejected by the trigger

Consistent with : B/S~20% (B/S<80% @ 90% CL) | °t

O Few millions of specific charmless B decays

Eq. LHCb time | N, B/S

B,—pp" 4 days 40 9%
B,—K*y 1.3 days 10 6%
B,—Kmm© 12 days 90 5%
Other B,— charmless 1.5h 5 29%
B,—pp° 5 days 16 3%

Other B,— charmless

035 F
03
0.25
0.2

015 |

01 E

4.9 5 51 52 53 54 55 56 57
2,
B® mass (GeV/c?)

Assume B/S =1 in the following




[ Acceptance in Dalitz plane

50000 |
40000 |

30000

produced

300
250
200 —
150 -

100

selected

v

25 30
st (GeVich

> The lower corner of the Dalitz plot is highly depopulated due to the cut on the m° energy.
However, the upper region of the Dalitz figure contains enough interference to allow the o

extraction.

O Proper time acceptance

> region of low lifetime depopulated due to the

large impact parameters required in the selection

v




QO Expected resolutions : | o~ 50 fs

Resolutions are
dominated by
calorimeter energy resolution

QA Flavour tagging

* Tagging efficiency e =40+2 % > £ .= e(1-2w)2%= 6+2 Y
* Wrong tag fraction w=31+2 % eff ( ) *Z /o

1_
NB : the untagged sample also enters in the global fit : {‘”'t’ag}z[ oom 1? w)



Q Assume a set of theoretical parameters agen

a T o ey 00 P+ o P+ o

96.5° 0.47 0.00 0.14 0.00 -0.2 -0.5 0.15 2.0

A Simulate a set of Gedanken experiments accordingly
Yield = 104 signal events ~ 1 year of LHCb data taking

0 Simulate backgrounds according to ree" ratios
Bkg structure poorly known. Assume B/S = 1 and use a mixture made of :

) - 3> (Kp, K*m)>Knn
= (y-dependent)

p resonant

The same proper time dISTr'IbU‘l'Ion r'esolu‘rlons and Taggmg dllUTlOl’l as sngnal are assumed
On real data informations on background will be extracted from the side-bands

O Simulate the experimental effects (resolution, acceptance, wrong tag, ...)

0 Maximize the likelihood wrt afit and the background ratios it (12D fit)



nsitivity to

Ot

-~ 120

100

80

60

20

85% converge to the correct solution

= F
<1 S

‘average’ expt

—:)¢(<AX2>:2

ao |
35 |
305
25

20 F

The correct solution
generaly corresponds
to a deep (if not
deepest) minimum

15 F
10 F

5 F

0-||| P Pt P Pt Pt P P Pt
o 20 40 60 80 100 120 140 160 180

o (%)

250

200

150

100

50

60 80 100 120 140 160 180

o ()

Distribution of fit error

Mean 7.243
RMS 2.337

2 4 6 8 10 12 14 16 18 20

907% of experiments w/ G, < 10°




nSitivity to o

3 A typical LHCb toy experiment (2fb1)

T 17T LI T T T I LI | LI I T T T | T T T I T T T LI
12 B—prn (Winter 2006) = E
[] Bopr(LHCb2fb") Stat only -
1
08 __ el

; I

O -

1 oosp .
04 —
02 -

0 ”I."ll-—-l-l ‘I--.IM'I‘-l'-IL-'Im—IL'l_lI-‘rrhl__ T fbodt gL (e | | J-m
0 20 40 60 80 100 120 140 160 18C
o (deg)

a™ =97.0°".




Another scenario for T & P

O prefered values from data T | & | 10 [ @0 [ p- | & | P | &
093 | 837° | 007 | 279° | -075 | 33.3° | 057 | 125°

Using CKMFitter® package
o value obtained from the standard CKM fit "

(meas. not in fit) used as a constraint g . , g ol
'%o o 08 E(,o wf 08
Large P/T favored : |P/T|+=0.61+0.27 & =
. . ® ' 04 “f 04
[ LHCb performance w/ this scenario a af
70 o] 800 L ol 120 20 ¢ | 2f |
L M_Oe::a"l 9651 éf ‘ Wifnltér[ gﬁr
60 L some = o0 _ _— Aver‘age 0-3 -2 -1 0 1 2 3 0-1 0% 06 -025-02 025 0@5 001750.61 0.82801
' : T T
s | o
. | > o
o y f K/ A g 140 08 4 140 ‘ CS
| B M .
s R ] %%, "‘ - 06 ‘ 06
ot S, S . B
¢ ' ‘ ® 04 04
A N L Y AP I I ) SO T TP Y 60 60
04() 50 60 70 80 90 100 110 120 130 140 oL (O)
5 — 59 : = - =
a T 0-3 1 2 +_3 0 0-3 -2 -1 0 1 2 _+3
P P



A Impact of an imperfect knowledge of the experimental or phenomenological
ingredients feeding the likelihood

Include 5° uncertainties on y in Knm model Ao ~ 4°
Non-uniform wrong-tag - averaged in the likelihood Ao ~ 1°
Proper time acceptance not accounted in the likelihood Ao ~ 0°
Dalitz acceptance not accounted in the likelihood Ao ~ B°
p/w mixing in signal not accounted in the likelihood Ao ~ 0°
p' and p"” contribution in signal not accounted in the likelihood Ao~ 7°
(arbitrary) large p3 contribution in signal not accounted in the likelihood Ao ~12°

Extracting a via the 3w Dalitz analysis requires an accurate control of the inputs.

The final analysis will be much more difficult than this prospective study

Babar achieved the analysis in 2004.
First results from Belle expected for summer 2006

— Not likely to be a 'first year' analysis for LHCb but very promising results.




d The method
B > p*p- decay has been measured to be an almost pure CP-eigenstates
— Measuring the time dependent asymetry of B > p*p-provide o, ¢ = o + Aat

A, (1) =S, sin(Amyt)—C  sin(Amyt) with s!) = J1-C5 sin(2a)

= Measuring SU(2)-related modes, p*p°, p9° allows to put constraint on Aa
= Resolving the full (pp) system gives access to o (modulo 8-fold ambiguities)

A+-/l2
O Many advantages of the (pp) system over (mm) /)2 e

00

B, B* 5 times larger

—  B—pp (WA) |A(X,|<17o 1

: Winter 06

BOO .
is small (HFAG 2006 : B% < 1.1x10-)

% the Isospin triangles is squashed in (pp) system

1-CL

* The time dependent asymmetry for B > p90 provides
additional information, in principle experimentally
accessible

-50 -40 -30 -20 -10 O 10 20 30 40 50

0-0 (deg)



Q Selection for B > p*p- & B* > p*p0

> Multivariate selection as forB>pm

> 2 & 1 neutral pion(s) in the final state, respectively

> Overall efficiency : 0.01% & 0.045%

> B mass resolution dominated by Ecal resolution : 80 MeV/c? and 52 MeV/c?
> Proper time resolution : 85 fs & 47 fs

0 Expected annual yield ( 2fb1):

= B* > p*p0: 9000 B/S ~1
=B > pp: 2000 B/S <5 @ 90%CL

One year of LHCb is not competitive with current B factory performance.
Will need several years to provide a sizeable contribution to C+-, S*- measurement

The main contribution of LHCb to the B> pp analysis
could be the measurement of the B-> p%?° mode




Co performance on B-pYp® selection

B mass resolution
o(mg) ~ 16 MeV/c?

O Selection
> multivariate selection

- overall efficiency : 0.16%
O Expected annual yield ( 2fb-!/year) :
HFAG 2006 : BR < 11x10¢@ 90% CL | <1000

d Background contamination Proper time resolution
o(t) ~32fs
Eq. LHCb time | Nsel B = bR
BB inclusive 15 mn 0 < 4000 oo
By— w'n m*m (NR) 2.5 days 7 300 ol
B,— K'n w*n~ (NR) 1 days 0 < 600 0 -

I} 1 1 1 10, ) )
-0.25 -0.2 -0.15 -0.1 -0.05 O 0.05 0.1 0.15 0.2 025



J Assumptions

- Branching ratio : B% =05 10

Babar : =(0.547035£0.19)10°°

» LHCb will achieve a00/B% = 20%

Current B Factories error on B*-, B*9 meas. : ~ 157%

.1 015 02 025 03 035 04 045 05 5
x10

BR(p’p?)

» Scenario for C% & S% 5, e

The prefered value from CKM fit (weak constraint)
(€90,500) = (0.195,-0.35) or (-0.035,-0.44)
* Resolution on €% & S%: g,.,c00 = 0.4

Rescaling the expected LHCb performance for B—nm

fl, 5
-1 -08 -06 -04 -02 O 02 04 06 08 1

0.5

0.4

0.3

0.2

0.1



LI.IC[\Q Prospecti

. 12? % |:| li:(bmpfironALV:::sf(:(O;ino%go%;
0 measuring B >
BOO = 0.5x10-¢ g
O'Boo/BOO = 20%
) rof JEM - Gope wAwnerzos
D & measurilng COO > 1i LLLLLL 0 +Boofc°iffomLHCb(o(COD):o.i)N:
Gcoo: 04 _

Y9, ‘2'0 2 '4|0‘ ‘ 'elo “BIO‘ ' '1(‘)6 ' '1é0 0 ‘11‘30” 180
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o
O & measuring S R A -
121 i - B—pp | WA winter 2006 =
”””””” Y+ BYC™s% from LHCh (G(SDO):OE4)
O500- 04 " ' T
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. s
© F:
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0af}
o) P
o =98.1°%
¢ —80 0:\\\ Ao
0 20 40 60 80 100 120 140 160 180
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Prospective for

O Very low B — p%? branching ratio : the decay is not observed with LHCb

— Stronger limit on B

1 Assume the background contamination is as high as the currently
estimated upper limit (i.e. 4000 evts / 2 fb!)

0 <1.3 107 0% C Ild b hieved
— <1, (0] e ieve
B 310 @ 907 CL cou ac 05=(966i12)°
T T S L L L B L BLEL LN RN
12 — 80001310 (Ihcb2fb) 7 12— Gl - B—pp - WA winter 2006 -
r % ——  Bopp (WA) i % 1 B™ 0.13 10° (lhch 2th)
1} 10
08} |Ac:| <17° s o_ai'._
3] i %) 5
! oosf ] i
0.4:— N
02 |Act| <6.3°
0:....|....|... T IR N L _ L]

L1 I AN R | 1 1 u". L1 | [ ""LI 'Jl I
-50 -40 -30 -20 10 0 10 20 30 40 Ao 40 60 80 100 120 140 160 180

a-C;  (deg) o (deg)
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Conclusions

Measuring o with LHCb : two complementary approaches
* The time-dependent B,~>(pm)° Dalitz plot

o No ambiguity on o in [0,m] but pseudo-mirror solutions.

o With 2 fb! LHCb may achieve o5« 10° on «

o Require an accurate control of the p-lineshapes and the experimental distorsions.
o Ambitious but promising.

o Probably several years to setup the analysis

= The time-dependent B,~p*p-asymmetry + SU(2) analysis

o 8-fold ambiguity on o in [0,m]

o Several years of LHCb needed to improve the current B,>p*p- measurements

o With 2 fb-! the main LHCb contribution could be the measurement of B >p%p°.

o Accessing the p%P time-dependent asymmetry will reduce the degenerascy of mirror-
solutions and improve the current o determination.

o Performance strongly depends of the actual values of €% and S%.

= During LHC era the stat. error on o could reach the few degrees level

SU(2) breaking effects, electroweak penguin contributions could be an issue
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[

B—pTr : sensitivity to the other parameters

[ Penguin strong phases
o(5) ~ (*35)°

-50
o(3) ~ ()
O Tree strong phases
+6 (o
o(®@*) ~ ( _10)

+26

o(@0) ~ ( .17)°

Imaginary part

Q R=|P/T| ratios
Og+/R™ ~( )%

+70

Op+-/R™ ~( _10)7%

-0.2 — -02 —

-03 — -03 —

-04 — -04 —

P S ws bt AT
-04 -0.2 0 0.2 04 0.6 -04 -0.2 0 0.2 04 0.6

Real part



Sengitivity to other param

» 09en=106°

- Flat:Resonant ratio = 40:60

Toy | <fit> o

T+ 47% (49+3)% 9%
-+ o o +6°
d 0 (1.5+0.5) e
TO0 14% (14:1)% 4%
00 o P +26°
® 0 (-1£1) 17°
+- _ o, _ ° +20°/o

p 20% | (-116)% oon
+- < o] o +4°
o) 28.6 (15+1) P
p-+ 40% (18+1)% +6%
i 0 0 +20°
o) 114.6 (13545) e
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—pp branching ratio
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1-CL

1-CL
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Sengitivity to o : lower Dalitz corner

0 The lower corner of the Dalitz plot is highly depopulated due to selection
[ Can we fully remove this region of interference between rho-bands ?

- Depopulated lower corner (no background) )

<ogm>=(77.2£44)

* Fully removing the lower corner (no background) L |R nEE L

P2

76.97 £ 0.2051
100 |

. | 6266+ 01577

X/ ndf 25.6}/ 25

<Oog>=(77.0£6.2 )

> The lower Dalitz corner carries useful
but not essential information.

55 60 65 70 75 8 8 9 9 100

deem (°)



2 clusters

1 cluster
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B8>(pm)° : impact of B/S on alpha error

-2 background classes: {0.5(res), 0.5(flat)}




