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Introduction

Loop induced rare decays are sensitive to New Physics.
New Particles (such as 4™ gen quarks) can modify the SM Wilson
coefficients or introduce new CPV phases.

Physics interest Measurement

B> OO

- B> dy,B2-> KOy

- B> KO pp

- B, up

_

- New CPV sources

\

_/

>~ Wilson Coefficients

Time dependent and direct
CP Asymmetry

— V-A structure of the SM

Branching ratio and
angular asymmetries
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CP Violation in B system

Decay amplitudes

The mixing between the B-CP eigenstates
is described by: =
o, A= 340

=0 2
Bur)=p/B’) ¥q/B") - pAs

f ﬁif When the B, decays in a CP-eigenstate (or a
@ superposition of CP-eigenstates), CPV can arise
@ @ in the interference between mixing and decay:
% =1, % =1, arg As # 0
Weak phase in the mixing
The CPV weak phase is given by:

¢s(By — f) = 2m(BJ) — (B — f)
Weak phase in the decay
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CPV in the

B, » ®® decay

For the B, »®®, the dependence on V,_and V_ in
both the B_ mixing and the decay amplitude

leads to a complete weak phase cancellation

o M(B, » 0D )~0

N.B.: ® M (B, - J/yd ) =2-arg[V, "V ] =28,

NP can enter in both the mixing and the
decay contributing with new CPV phases

B, » ® ® observed by CDF :
BR(B? — ¢¢) = (141 (stat.) £ 6(syst.)) x 107°

LHCb expectation for B = ®(—K*K") O(=K*K))
N,, = 3092 + 105 (in 2fb" )

N,, <2.4-10° (in 2fb")

(sensitive to the 4x4 CKM elements V,_and
Vi ):
Comparison between the B_ - J/y ® allows

us to disentangle the two NP contributions.
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Time dependent CP Asymmetry in the
B, » ®O decay

We can measure the weak CPV phase by measuring the time dependent CP asymmetry:

[ [BY(t) — f] — T'[BY(t) — f] A% cos(Amgt) + A™*sin{ Am,t)
I [BY(t) = f] + T'[B2(t) — f]  cosh(Al,t/2) — AATsinh(ALt/2)

A(t)

Angular analysis needed to disentangle the different CP components :
dI'(t)

dcos#y deosfady

&
K;(t)f (61, Bz,
D:jgn: SR Ber ) SM prediction:

Allﬂf.sh':[ o ﬂ!
AT = misin(g5) 20,

ARTSM = cog(¢fM) = 1.

LHCD sensitivity to the angle ®_(LHCb-2007-047)
o(®)=0.12 with 2fb' (1 year of LHCb)
o(®P)=0.05 with 10fb" (5 years of LHCb)
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http://documents.cern.ch/cgi-bin/setlink?base=LHCb&categ=public&id=lhcb-2007-047

Radiative penguins B = Vy

Photon polarization is sensitive to V-A structure
Photon polarization can be measured by time dependent CP asymmetry

W_
b %J\A% S Dominated by the C, Wilson coefficient.

wet, \/\/\/\/\/
m,

LTt
m, Y,

Interesting channels:
B, » ®y and B, —» K’y

SM prediction: Br(B,» K y)=(4.01£0.20) - 10°
Br(B,» ®vy)=(39.4+£10.7£5.4)-10° observed by CLEO

B, » ®y observed by BELLE at the Y(5s) (Phys. Rev. Lett. 84 5283),

(Phys. Rev. Lett. 100, 121801 (2008) ): Babar (Phys. Rev. D 70 112006)
Br(B,» ®y)=>57"" ,(stat) ™, (syst) -10° and Belle (Phys. Rev. D 69 112001)
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http://scitation.aip.org/getabs/servlet/GetabsServlet?prog=normal&id=PRLTAO000100000012121801000001&idtype=cvips&gifs=yes
http://prola.aps.org/abstract/PRL/v84/i23/p5283_1
http://prola.aps.org/abstract/PRD/v70/i11/e112006
http://prola.aps.org/abstract/PRD/v69/i11/e112001

B. - ®y at LHCb

Signal yield (Bs = ®( = K*K")y) :7700 in 2fb* (1 year of LHCDb)
Background events (in 2fb')< 4700 ( arXiv:0802.0876v1 LHCb-2007-030).

Time dependent CP asymmetry (for |p/q|=1) :
Ssin{ Amgt) — C cos( Am.t )

2521) — Hsinh(=21)

,.':1(_'1|:-|: Jr.{,_, — fil"rj[u'll =

cosh|

Free parameters: C,S and H

H and S sensitive to right-handed currents
C sensitive to new CPV phases (proportional to 3,)

To measure the parameters C and S the knowledge of the initial Requires the
B-flavor is needed. measurement of

For the measurement of H (possible thanks to Al_I=0) ~® AT_elsewhere
no-flavor tagging is needed arXiv:0802.0876 ). (ile. B, = Jy ® )

A similar analysis is also possible in the B, » ®uu (under study)
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http://www-spires.slac.stanford.edu/spires/find/hep/www?eprint=arXiv:0802.0876
http://arxiv.org/abs/0802.0876v1
http://cdsweb.cern.ch/record/1033945

B, » ®y at LHCb

Right-handed currents contribution more detectable in H (proportional to cos of the
total weak phase ) rather than S (proportional to sine of the total weak phase ).

Resolution for the S,C and H

parameters in 1 year of data taking at LHCb
o, =011 (2fb")

o, =011(2fb")
0, =016 (2 o)

B,—» Ky atLHCb

The parameter S was already measured by the B-factories in the B, - K" y decay

The average is S,. =-0.19 + 0.23 (arXiv:0704.3575v1).

Direct CP asymmetry in

B, = K** (= K*1 )y under study.

Annual yield: 68K events (2fb™) Acp = .
Bg events<41K @ 90% CL (LHCb-2007-030) Ngo—y g0y + Nio — K0y

[ -
Nao—3c0, — Ny o,
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http://cdsweb.cern.ch/record/1033945
http://arxiv.org/abs/0704.3575

. *0) i
AFB inthe B, » K° u*u
This decay is completely described by the differential decay rate:

d'T 5 Py .
® Ba % {29 8, 4)sinb,sinby See LHCb-2007-057 for details
dg? d6; dbc dpp 32w

The AFB is the asymmetry between the forward going (cos 6, >0) and the backward going
(cos B, < 0) u+ wrt the B flight direction in the pu-rest frame.

The g point (S,) in which the AFB(g°)=0 is very sensitive to NP and theoretically predicted
(for the SM and several NP models).

The visible branching ratio is Br(B = K (=K' ") u* u) =1.22  *°%¥ - 0.67 - 10°
Signal yield: 7200 = 180 events (2fb™),

Expected background events : 1770 events (2fb™)
(Bg from non-resonant B °— K* 1t - uu not considered ). LHCb-2007-038
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http://documents.cern.ch/cgi-bin/setlink?base=LHCb&categ=public&id=lhcb-2007-057
http://documents.cern.ch/cgi-bin/setlink?base=LHCb&categ=public&id=lhcb-2007-038

NP inthe B, » K pp

SM diagrams for the B, - K’ |1 |1 decay: NP particles in the loops
. . o > o + such as t' (4™ generation)
R . . changes the AFB.

Number of events:
Belle ~ 230 events
LHCb ~ 1800 events (end 2009)

Most recent BaBar measurement
Belle Results from ICHEP 2008

arxiv:0804.4412v1 =
— | | | 1 _: E1 '4 :
= | | o - “1z2f
0.8 | — = 1E
0.6 | @ — o8 B
m = J/ | e - =
< o4 Yo s = 06| —t—
; ; : | ST T 5 D'4Z .
0.2- | ~ p2F | _ T
o5 l 5 Op T =
- - ' " | POl 02 T T i p e . L
-0.2¢ - = = FIT TP vy b = odab 1 I
-0.4 | ! | ! L I L 0 2 4 & a8 10 12 14 1B 18 20
0 2 4 6 8 10 12 14 16 18 20

q’(Gev e’y

For Beyond the 3SM gen. see for instance Phys. Rev. D 77, 014016 (2008)
This process is dominated by the C, C, and C., Wilson coefficients.
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http://arxiv.org/abs/0804.4412v1
http://scitation.aip.org/getabs/servlet/GetabsServlet?prog=normal&id=PRVDAQ000077000001014016000001&idtype=cvips&gifs=yes

B, —» K" 1 u: Extracting AFB and S

The simplest method to extract the AFB is a counting experiment,
subtracting g2-histograms for forward and backward events.

AFB distribution for one 2fb' experiment (below the J/ y resonance)

&£ mar T T T T

_ Straight line fit to extract S, (LHCb-2007-039):
+<++ 5 0(S,)=0.46GeV? in 2fo™.

We can do an unbinned likelihood fit of the g distributions for forward and backward events

P15
< E

o EVBNEE { 0.08)
=1 o =3
= =] =

R ariFIFETE NIITETS EATETIVE IETITATS ATIATITE A AT A
111111111
o (Gelict)

..................................................................
1 2 ] 4 B s ¢ & 1 2 =3 & B & 7T &
Gty o (Gevlict)

With this method we do not rely anymore on the straight-line-shape near S, .
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http://documents.cern.ch/cgi-bin/setlink?base=LHCb&categ=public&id=lhcb-2007-039

B, = K'uu: 2D unbinned projection fit

Another possibility is to extract the AFB fitting simultaneously the two distributions
(see LHCDb-2007-057 ):

dr _dr , 3 3 2 -
dq2d9 pe (4F sin 9+8(1—FL)(1-|—COS 6,)+A.;C0s0,)sino,
dzl" =347 sing (2F, cos’0,+(1—F,)sin’0,)
dq’de, 4dq°
AFB F
03 lyear of LHCD < SM An improvement of
0.2}

0.1

0

-0.21

-0.3

-0.4 .

0.1

’\ B C.>-C,

1IIII2IIII3IIII4IIII5IIII6II 7 8_|_|_|_9|_
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40% on a(S,)

expected wrt the
unbinned g? fit.

No bg and acceptance
considered!
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http://documents.cern.ch/cgi-bin/setlink?base=LHCb&categ=public&id=lhcb-2007-057

B, = K'upu: 4D unbinned likelihood fit

d'Tz,
dq® 46, dOx dp — 32x

N+ Tocos 26, + JT_|.~~"|||"I eos2a+ Lisin 20 cos v+ Tssinthcosg 4+ Jpeos 6,

I(q?, 6;,0k, @) sin 8, sin A

i =
+ Treinfisin ¢ + Tssin 28 sin o + Ty :-;irll“I & =in 2ob,

The [ terms are functions of the amplitudes
A"L’R, A, -fand A-? (6 complex numbers, which depend on ¢?) .
We can probe more angular asymmetries which are a function of
these amplitudes. See arXiv:0807.2589

Improvement of the order of
LHCb expectation for the AFB (10fb™" ) (20-30%) on o(S0)

0.15 :

wrt the projection fit is expected.

0.10

0.05

Systematics more difficult to control

(under study)

Form factors from

7z a4 s "' e\ Benekeetal. Eur. Phys. J. C41, 173 (2005)
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http://www-spires.slac.stanford.edu/spires/find/hep/www?eprint=arXiv:0807.2589
http://arxiv.org/abs/hep-ph?papernum=0412400

More asymmetries in B, -» K'uu

2.5 ' ]
AS 5
20F% 1 . .
. / Theoretical prediction for the SM
_ 1.5¢L
< 1.0 =
05k LHCb expectation for SUSY-b (5 years)
00k ,

SUSY-b:
SUSY model with C/

non-SM contributions.
For details see:
arXiv:0807.2589

ATNI
=] — %] L 4 th =] |

Theoretical prediction for the SM

LHCb expectation for SUSY-b (5 years) Similar for B, analogy

B, » ® u 1 under study (LHCb-2007-154).
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http://cdsweb.cern.ch/record/1096378
http://www-spires.slac.stanford.edu/spires/find/hep/www?eprint=arXiv:0807.2589

B. = 1 U : Branching Ratio
The branching ratio for the channel B, — | | is sensitive to many NP theories.

For theories beyond 3SM generations the branching ratio depends on the t' mass and on the
4x4 CKM parameter V., V', (see Eur.Phys.J. C27 (2003) 405-410).

ATLAS/CMS (arXiv:0801.1833v1)
T F 3 0 observation (LHCb)

S Sansihvily
Ao Sansativily
BG anly, 90%CL

]

BR(B, -uu)x10

10

-9

(=]

=l

B

-
BR(x10)

Integrated Luminosity, fio™

Assuming SM Branching ratio (LHCb): o
2 fbl10 30 evidence (lyear) :

6 fb-1 0 50 observation (5years) Luminosity (fb)
Assuming SM Branching ratio (ATLAS/CMS): (LHCb-2008-018)

30 fb-1 0 30 evidence (3years)
LHCb can exclude the BR above the SM with only 0.5 fb' of data (end of 2009)

The B, —» U u Y is under study within the LHCb collaboration.
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http://cdsweb.cern.ch/record/1103174
http://arxiv1.library.cornell.edu/abs/hep-ph/0106288v3
http://arxiv.org/abs/0801.1833

Conclusions

* Rare penguin decays are very sensitive to NP: test of CKM and
the V-A structure of the SM.

* LHCb can strongly constrain or discover NP in the following
channels:
B’ —» 0O: Weak CPV phase;

-B_, = ®/K y : Time dependent (direct) CP asymmetry;
-B,° » K?° yu:  AFB and more angular asymmetries;
-B, = Y Branching ratio.
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We hope to find some non-SM penguins

CERN 04-05/09/2008 Beyond the 3SM generation at the LHC era 17



CERN 04-05/09/2008

Back-up SLIDES

Beyond the 3SM generation at the LHC era

18



The LHCDb detector (1.9 <n<4.9 )

M4 M>
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T3 RICH2 | - -
T2

Vertex
Locator

'y

4

|
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|

| \ 7 10m
Vertex Y

RICH counters  Tracking Calorimeters
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Muon
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(Silicon)



Fit model forB, - ® O

dr(t)
deostl; deosfady

fl {31, 32, E,_’J]I = 4(:05231(:05232,
£5(01, 02, p) = sin’@sinf, (1 + cos2p),

£(0,, 82, ) = sin®f,5in%0y (1 — cos2yp),

£4(0,, 85, ) = —2sin*f, sin*#,sin2¢p,
K3(t) = %ﬁaﬁ_ [{1 — cosgg)e Tt 4 (1 + cosg et — Ee_ntsilll[.-’lﬁ.lnstjsillrﬁis],
£5(8,, 05, ) = +/2sin26, sin20,cos¢,
Ky(t) = |A)[|AL|[e™""{sind; cos(Am,t) — cosd;sin(Amgt)cose, }
f5 (A1, B2, ) = —+/25in26, 5in26,sinp.
—1 (e‘rH‘- — e~'t) cosé; sings),

free parameters of the fit Ks(t) = |Ag||A)|cos(d, — ;)
ff-l?'s, BfS, RJ_, R”, 51, 52, 1_'5 and ;":'Ll_'sfl_'s

’ . T o [{1 + cosgs)e T 4 (1 — cosg,)e T at + Ee_r‘*‘sin{ﬂ.mst]sinés],
Ry = [ALP/(|A]® + [A) + |ALI)

Kg(t) = [Ag||AL|[e " {sindzcos(Amyt) — cosdssin( Amgt)cosgs |
Ry = A1/ (A" + Ay " + [ALP) 5, = arg(AL/A))

—1 (e7"ut — e~TLt) cosdysing] 6y = arg(A ) /Ag)



Fit model forB, - ® O

The fit has 8 free parameters. Mass distribution PDF:
The total PDF has the form Signal: gaussian distribution.
Pot = (1 — fu)Psig + foDbg Back round flat distribution.

Angular and proper time dependent PDF:

Signal: Angular and proper time distribution
@cmﬁl COSD@ (taken from theory) convoluted with the
proper time resolution, also taking into
account the tagging efficiency and the
biig(eg) +t°° wrong tag probability.

Background: Constant distribution wrt to the
angles ,times the function e™! (for the

where'

Psig{bg)

Proper time aacceotance

A
Esig(bg) () X

___®_distribution [Z2%, "% pULL distribution mesmemsy ooult 0f 500 toy
- Sigma oio02| §%F risioma - 1067005 @xperiments with
i i ]l Ot = 0.20.

oF : o(P)=0.11

i3 with 2fb"

o o($)=0.05
e iyt with 10fb- .

L1 i1
o 4, pull



Time dependent CP Asymm (B, - ®y )

[[B, — ¢7] = T[B. — ¢ Theoretical prediction for B, » ®y :

pl By — ) = ==
Ace (B, = ¢7) L[, — ¢7] + T [B, — ¢ Hy, = 0047 +0.025 4 00150, Say = 040,002
Because g/p~1 in the Bs system: Cyy = 0.005(5)
Ssin(Amat) — C cos( Amat)

.,*“-I,{*|:-|{HH — f'}’}':l[u"] =

1AL P Al A2A A cos(dp —dg) cos[sin] (¢ — o —dn)
cosh( ==2¢) — Hsinh( =2 H[S] = e =20 L
|3 ) ( 2 j [S] (AL + (Ag)?

The parameters C,S and H can be written as a function of the
left-handed ( A)) and right-handed (A,) amplitudes as follow:

o — AP + | Anl) — (A= + |ALP)
|ALZ + [ AL + [Ag|* + [Ag|?

i _ In the B, because Al is too small only S is
2Im[2(AL A} + ApAf)]

= P AP AR T AT measurable:
] ) Bd—> K'Y S = 019+0.23 (HFAG)
[y .| d * *
g 2Rel(AA] + ApAR)] Bd—py S= 0.82%0.65+ 0.18(BELLE)

AL+ AL+ | Agl? + |AR2
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Time dependent CP Asymm (B, — Oy)

Time dependent CP asymmetry: Within the SM:
AT 4 AL 4 Smenysing, A7 =sin2cosp, €=
F{B,;Iiﬁ,fjl — _.lrflp"r':l o gt ([L[JHh —” — A% sinh _; +

Where:

AB—f""yR)
A(B— fEF a0

o =2arg(ViVa) +or + 01
cosp ~ 1

+C cos Ayt F Ssin .-ﬁ.m,,lf)

-i_,'ll-l —

A2 22 sin 29

To extract the parameters A2 , C and S an unbinned likelihood fit was done:

N N, Nuntagged ¥ PDF for untagged
Ly= P_y(m;, t;, 04) Py (m;, t;, 04) By(my, t;, 04)
UL . 11 1 11 events (k=0)

PDF tor B, tagged events (k=-1) & pDF for anti-B_ tagged events (k=1)

The variables m, t and o, are the measured invariant mass, proper time

and proper time error.



Deflnlng
) = cosh = A= sinh

I (7

Fit model and results (B, = ®y)

Al'T

AT

I (1) = Ccos Am,7 — Ssin _\ms

The PDF for signal and background is : /

P, (t,

{E_r’f+[]|—|-.i-uL—_w)f_ )]} @ Gt — 1)z(t) gs(m)

m) =

Background PDF;

(at)e

f{f‘r” 7) + K(1 = 2w)I_(7)]} ® G(t' — 7)e(t')dt’

+ (1 — fs)ep(m, t)
4

(':ﬂ":' + a1 Am) e + (Fo + S1Am) t_%)

ep(m, t) oc e o + (at)e
o |:|_| 5 } \
*F ()
= Background PDF A
201
i g,(m, 1)
15:
10_
5 _—] — ]
% 1 1 1 1 1 J I 1 1
1 2 3 4 5 [5] Fi 8 9
Thi [ps]

=-1,0, 1 (Tagging category)
g(m)=invariant mass norm. pﬁ/
£(t)= proper time acceptance
w = wrong tag fraction
f. =S/(S+B)
G(t-T ) = proper time resolution

With a tagged analysis

[a.u.]

250 Proper time
2000 resolution
15u§— G(t-T)

100[-

501

ok

oy =52+5 fs
oy =114+ 7 fs
feome = B1 £ 0%

03 02 01 0 01 02 03
t?'ec - t.-‘u’C' [PS]
[a.u.]
0.08F .
- Proper time

0.06 acceptance +

|

og(A%) =
o(S) =
oglC) =

Fit results:

0.217 & 0.002
0.114 = 0.001
0.115 4+ 0.001




Sensitivity to Wilson coefficients

- 68% exp SM -u_zz_ - 58% exp M
68% exp SUGRAH o
P .- I 659 exp SUSY1

0.3

1 2 3 a 5 & 7 3 g T S
Wilson coefficient modifiers: C_ - R_C_ Using the 2D projection Fit
SUSY1 SUGRAT (with 2fb™).
R7- 083 1.2 Changing Wilson coefficients
R9: 0.92 1.03 inside the EviGen package.
R10: 1.61 1 No background and acceptance

Phys. Rev. D 61, 074024 (2000) considered.



F.and A flipped C7
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