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Rare B decays %

» Flavour changing neutral currents are forbidden at tree level in SM

» b — s(d) transitions mediated via a loop diagram

» In SM extensions, can receive contributions from new virtual particles
>

New Physics can contribute at same level as SM giving possibility of
large NP effects
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Theoretical Formalism

>
>

» New physics enters at the Ayp scale
» New physics models can modify SM coefficients and introduce new
operators
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Model independent approach
“Integrate” out heavy (m > my) field(s) and introduce set of
operators (O;) and Wilson coefficients (C;)

10
4G 3 ¢

Her = - Vib V;;(d) E (CiSM + ACINP)Oi + /\QIP Onwp
V2 ) np NP

c.f. Fermi interaction and Gg
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Sensitivity to New Physics

» b — s(d)uTpu~ transitions probe a range of operators

Operator O; Bs(ay = Xs(ayt "1~ Bsay = 1T Bsdy = Xs(a)Y
O7 ~ my($10" bR)Fy v v
Og ~ ($17"br)(Py.l) v
O10 ~ (517" be)(Py57,ul) v v
v

Os.p ~ (5b)s,p(€l)s,p

» In SM Cs p mgmb/mf/v ~0
» In SM chirality flipped O; suppressed by ms/my
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Decays and observables studied in LHCb %

Decay Observables

BY — K*utp~  FL,Arg,S3,5.Acp

BT — K"',u"",u_ B,Fn,ArB

B— KWyutu= A

BT — mtutu™  B,|Vil|/|Vis| (using BT — KTt ™)

Observables are functions of mim,(qQ)

F1: Longitudinal polarisation fraction of the K*

Arg: Di-muon forward-backward asymmetry

S3: Asymmetry in K* transverse polarisation

Sg: A T-odd CP asymmetry

Acp: CP asymmetry of B% and B decays

Fr: Contr. from (pseudo)-scalar/tensor to partial width (if m, = 0)
A;: Isospin asymmetry of B® and Bt decays

B: Branching fraction
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The LHCb detector and dataset %

» LHCb is a forward detector (2 < n < 5) designed to study heavy flavour
physics

Excellent vertex and momentum resolution, excellent particle identification
Analyses presented today use 1fb~! of 2011 data at /s = 7 TeV

LHCb has recorded an additional 2fb~! of data in 2012 at /s = 8 TeV

vyvyy

EcarL HCAL
SPD/PS M3

M4 M5

Typical performance:
> Ap/p: 0.4% — 0.6% for

Magnet RICH2 )\
T3

5 < p <100 GeV

» trigger eff for di-u channels:
90%

» Kaon id eff: 95% for 5%
mis-id rate

» Muon id eff: 98% for 1%
mis-id rate
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Angular analysis of B® — K*91 11~ [LHCb-CONF-2012-008] %

W“ » Decay described by three angles
“g‘ 2 00,00 and g?

» Angular distribution written in terms of six K* helicity amplitudes
(ignoring m,, and scalar contributions)

» Resulting expression depends on observables with small hadronic
uncertainties: Afg, F;, S3 and Sy

M [arXiv:0811.1214]

0.1 ]
1 S
OON GMSSMy > S5 < —Arg

» Can discriminate between

N\ st
000 AN gy NP models
o / o e » Zero crossing point largerly
o free of form factor uncert.
GMSSMy 03
0105 2 3 ) 5 6 i 2 3 i 3 3
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B® — K*0u 11~ Results [LHCb-CONF-2012-008] %

)
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» Observe ~ 900 signal candidates in %
1fb~1 /s =7 TeV data 2 200 LHCb
) o Preliminary
> More candidates than all Z 150
previous experiments combined 2 o
. .. >
» Good agreement with SM prediction w
of observables sofg
» SM predictions from arXiv:1105.0376 0 SR e
and references therein 5200 5400 5600 5800
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» The zero crossing point of Arg in the SM is at g° = 4.0 — 4.3 GeV?
[arXiv:1105.0376]

B® — K*Ou* 11~ Results [LHCb-CONF-2012-008]
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» The zero crossing point is measured to be at g% = 4.91’}:; GeV?
[arXiv:1204.3993]

» World's first measurement of Arg zero crossing point
» CDF [PRL 108 (2012) 081807], Belle [PRL 103 (2009) 171801],BaBar
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Constraints on scale of New Physics

» Interpret measurements of angular observables in terms of Wilson
coefficients which in turn can be translated in scale of NP (Anp)

» arXiv:1111.1257 and updates from Altmannshofer, Paridisi and Straub

> Using B — Xy information as well

> Tree level O(1) couplings:
. elone o
NP~ —5—Onp
A
Anp > O(15TeV)

» Loop and CKM like
couplings:
V., V* ef®ne
Lp ~ —2 > ° 5—Onp
(47)% Afp
Anp > 0(300GeV)
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CP Asymmetry of B® — K*u™ 1™ [arxiv:1210:4492] %

r(éo N R*O[LJF[L*) _ r(BO N K*Oﬂ+ﬂ7)
M(B% — K*0utp=)+ (B — K*Outpu~)

Acp =

» Acp predicted to be O(1073) in SM [JHEP07 (2008) 106,JHEP01(2009) 019]

> Use ratio between two magnet polarities to cancel detector related
asymmetries

» Use B® — J/¢K* to account for production related asymmetries

a, T T
O 02 ]
< . 1; LHCb
. g | ] > Acp =
OF ] —0.072 £ 0.040(stat.) & 0.005(syst.)
00F T ST A » Consistent with SM prediction
_0,2+ + E » World’s most precise measu-
F ] rement
-0.3;7 1 1 f
0 5 10 15 20
¢ [GeV?/cH
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The decay of BT — K" 1™ [arXiv:1209.4284] %

» Differential branching fraction as function of g2 is sensitive to the
combination of (Cy + C§), (Cio + Ci) and (G7 + C))

Theory EEEBinned theory

_ —e-LHCb

(\|> T T T T

[0 -

% o6k LHCb

R ¢ » Fit the K*ut ™ invariant mass

% °-4_ distribution in bins of g

3 b ‘ » Normalize to BY — K*J/4
i = » Low g? measurement slightly below
oL s - - - SM prediction

0 5 10 15 20 i i i
@ [GeV¥cH] > Large theoretical uncertainties

> Uncertainties Correlated across
2 bi
. ins
World’s most precise measurement 9

Theory: [JHEPO7 (2011) 067], [JHEPO1
(2012) 107]
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Angular analysis of BT —

K+t

» Can describe decay with single angle 6,

dr 3
d cos 94

» In SM FH%Oand AFB:O
» Theory: [JHEPO7 (2011) 067], [JHEPO1 (2012) 107]
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World’s most precise measurements
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Isospin Asymmetries in B — K(*)/ﬁyf [JHEP 07 (2012) 133] %
r(B° = KMOutp™) —1(BT — KMOuty™)

A
"T(BY = KOOt ) + T(BT — K&+ o)

» Expect A, close to 0 in SM
» Measured in two modes
> B — Koutu= vs BY — KTutu~ (KO recoed as K¢ — 7F7™)
> B — KK n ) )utu= vs BY — K* (KOt )utp~
Trl1eory -il3inned th?ory +DIaIa
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> Theory: [JHEPO7 (2011) 067], [JHEPOL (2012) 107]
> Deficit in B® — K" p™
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Isospin Asymmetries in B — KUyt 11~ uHep o7 (2012) 133] %

Theory -e-Data
T T
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» B — Ku™p~ asymmetry < F LHCD ]
systematically low. Naive average 0ar B—K uw E
over g gives 4.40 deviation of ]
» B — K*ut ™ asymmetry agrees ot T — 1
with SM prediction na ]
» No theoretical explanation yet LsE E
within SM or otherwise 0 5 10 15 20 43]5

q? [GeVe
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BT — 7wt T [arxivi1210.2645) %

» b — d penguin, suppressed by |V;4|?/|Vis|? relative to b — s in SM
> SM prediction: B = 2.0+ 0.2 x 10-8 [PRD77(2008)014017]

&g 20 I I + + _I-

> LHCb Lyl ]

= 15 .B+_)K+!-'-+P-r_-

= ]

g | ey ] » Normalize to Bt — J/¢YK™
@ Part. reco. ] -

g [Jpart reco. 3 » Observe 25.37%7 with 5.20
ke Combinatorial ]

5 Il Combinatoria 3 » Rarest B decay ever observed!
g ]

§ il

5000 5500 6000 6500
M., [MeV/c?

» Br =2.3+0.6(stat.) £0.1(syst.) x 1078
» Compatible with SM prediction
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BT — 7wt T [arxivi1210.2645) %
Be(BT — 7 utu7)
Be(BT = Ktutu™)
measurement from penguin decays

» Can measure R =

and tranlsate into |Vig|/| Vis|

< 20F T ' TR B ' =
> LHCb DB%"““:% - 5 -]
= sk (@) .B+—’K+ wwl = I .Combinatorial:
P ]
) .B+—>n*n*n' ] ? 40 ]
5 105’ DPart. reco. _: é 3 b
% s :_ . Combinatorial_: g 20 _— —_
3 18 L ]
5 ot 4, .
0 0 aanaa .
5000 5500 6000 6500 5500 6000 6500
M..... [MeV/c] My . [MeV/c?
» R =0.053 £ 0.014(stat.) £ 0.001(syst.)
> | Vig|/|Vis| = 0.266 4 0.035(stat.) & 0.007(syst.)
> Neglecting theoretical uncertainties
» Compatible with previous measurements in b — s(d)y
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Summary %

» Presented status of LHCb studies on b — s(d)u™p~ EW penguins

» Using 1fb~! of \/s = 7 TeV data LHCb has an array of precision
measurements:
> Most precise determination of angular and CP observables in
B — K*utp~ and BT — Ktputu~
> lsospin asymmetry in B — Kputu~ decays resulting in ~ 40 deviation
from zero
> First b — dutp™ transition observed

» Bottom line: The SM is holding strong!
LHCb has additional 2fb~! of /s = 8 TeV on tape

» Updates of current analyses as well as new analyses are expected!

\
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B® — K*Ou* 1~ results [LHCb-CONF-2012-008]
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B® — K*0u* 1~ angular distribution

1 d'r 9 3
= - = — | Freos®Ox + (1 — F1)(1 —cos®Og) —
I'dcosfdcosbyx dpdg? 167 g K 4( L) x)
Frcos? 0k (2cos® 0, — 1) +
1
4_1(1 — F)(1 —cos? 0 )(2cos® 0, — 1) +
S5(1 — cos? g ) (1 — cos? B;) cos 20 +
4

5141:’3(1 —cos? O) cos By +

So(1 — cos? 0 )(1 — cos® f;) sin 26
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Bs — ¢ j1 [LHCb-CONF-2012-003]
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» Observe 77 + 10 signal candidates in 1fb~!
» Measure B(Bs — ¢u™ ™) relative to B(Bs — J/v¢)
> B(Bs — ¢utp~) = 0.78 £ 0.1(stat.) £ 0.06(syst.) = 0.28(1) x 10~
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