Rare b decays at LHCb

Gaia Lanfranchi
LNF-INFN

Les Rencontres de Physique de la Vallee d’ Aoste, La Thuile 2015




Why to study rare B decays? 2

Rare FCNC b decays are sensitive to quantum corrections from degrees of
freedom at or above the electroweak scale.
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Why to study rare B decays? 2

Rare FCNC b decays are sensitive to quantum corrections from degrees of
freedom at or above the electroweak scale.

New Physics?
b ! I _{‘JLJ‘ )
K . - \\ H
) W uw? N

1934: Fermi’s theory of the
udu Ve nuclear beta decay (only S & V currents)
€  1936: Gamow-Teller transitions
(also T and A are possible)
1957: Mme Wu experiment:
The parity is violated in weak interactions
1957: Feynman-Gellmann: V-A theory
n 1968: Glashow, Weinberg and Salam:
birth of the Standard Model
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Why to study rare B decays? 2

Rare FCNC b decays are sensitive to quantum corrections from degrees of
freedom at or above the electroweak scale.

SM New Physics?
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We describe FCNC processes by an effective Hamiltonian in the form of
Operator Product Expansion to identify the types of operators that enter in
the transitions:

4G R g o
F 1=3-6, uon penguin
Heﬁ == 2 C ([Ll‘) 0 (M) + C, (1““) OI(M) ] 1=7 Photon penguin
’\/E 1=9,10 Electroweak penguin
i left handed part rlght handed part i=S Higgs (scalar) penguin
suppressed in SM i=P Pseudoscalar penguin
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Why to study rare B decays? 3

Rare FCNC b decays are sensitive to quantum corrections from degrees of
freedom at or above the electroweak scale.

SM New Physics?
W g
b 5 b ;b --- S
d S
H \\ g
S
W N

NP can modify the Wilson coefficients (C)) affecting observable quantities
as angular distributions and decay rates in B— K®puu decays (C,,C,,C,,),
decay rates in B— pp decays (C,, C,) and photon polarization (C”,)

4G R g o
F 1=3-6, uon penguin
Heﬁ‘ =~ [ E C (Au) 0 (Au) + C’ (M) 0’(M) ] 1=7 Photon penguin
2 1=9,10 Electroweak penguin
l left handed part rlght handed part i=S Higgs (scalar) penguin
suppressed in SM i=P Pseudoscalar penguin
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... You will see that, despite the variety of topics,
today we will be talking always about (almost) the same diagram
(in different flavors)....

Gaia Lanfranchi (LHCb Collaboration) ---- 4 March 2015



Angular analysis of B — K*u*u- decays d

W / ? Angular distribution of the B — K™ p* -
b S decay is sensitive to the virtual photon
polarisation and new left- and right-handed (axial)
vector currents.

Decay described by three angles (0, 0y, ¢) and
the dimuon invariant mass squared g->.

3 angles, 12 different J, coefficients (which contain
the information from Wilson coefficients) due to 6
complex numbers that define the K™ spin amplitudes.
(see spares slides for complete description)
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Puzzling deviations: P’'5 in B K™ p+ p-

In 2013, the observation by LHCb of a tension with the SM in B —K*uu angular
observables has received considerable attention from theorists and it was shown
that the tension could be softened by assuming the presence of new physics (NP).

LHCb, Phys.Rev.Lett. 111 (2013) 191801
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-3.7 ¢ discrepancy in the reqion

4.3 <q?<8.68 GeV?/c*
[probability that at least one bin varies by this much is 0.5%]

Can be explained by a negative NP contribution
to the Wilson coefficient C,, namely
Cy=Cy(SM)-1.5

Descotes-Genon, Virto, Matias PRD 88 (2013) 074002
D. Van Dyck, C. Bobeth, F. Beaujean arXiv 1310.2478
Altmannshofer, Straub (arXiv 1308.1501)
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Puzzling deviations: R, = BR(B™ -K"u"'uw)/BR(B" —K*e*e")

In 2014, another tension with the SM has been observed by LHCb, namely a
suppression of the ratio R, of B =K 'u"uw~ and B —K" e" e” branching fractions
at low di-lepton invariant mass — test of lepton universality

u u

>

W/?
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¢ =, e

In SM this ratio is expected to differ from unity only due to tiny Higgs penguin
contributions and difference of phase space:

Ry (SM) =1.0003 £+ 0.0001 Bobeth et al., JHEP 12 (2007) 040
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Puzzling deviations: R, = BR(B™ -K"u"'uw)/BR(B" —K*e*e")

In 2014, another tension with the SM has been observed by LHCb, namely a
suppression of the ratio R, of B -K"'u"u~ and B* —K" e e branching fractions
at low di-lepton invariant mass — test of lepton universality

. ——1HCb -—#-BaBar —=Belle

é‘ - T T T — T v 1 ' :
Lo LHCb 1 With 3 fb-! LHCb measures:
1% l : [RK = 0.745+200 474 (stat) "9 436 (Syst) ]
: ; | SM
0.5F . which 1s (in)consistent with SM at 2.6 ¢
¢ [GeV¥c]

LHCDb, PRL 113 (2014) 151601
Belle, PRL 103 (2009) 171801
Babar, PRD 86 (2012) 032012
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9
Puzzling deviations: BR(B® —K"u*p ), BR (B® »Kquw), BR(B" —K* u'u)

Finally, also branching ratio measurements of B -K*u*u-, B -»Kqu*p and BY K™ pp
decays published recently seem to be too low compared to the SM predictions when using
state-of-the art form factors from lattice QCD or light-cone sum rules (LCSR).

LHCb, JHEP 06 (2014) 133
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Behavior also seen in B, —¢u™n, LHCb, JHEP 07 (2013) 084

SM predictions based on: JHEP 07 (2014) 067, JHEP 01 (2012) 107, PRL 111 (2013) 162002, PRL 112 (2014) 212003
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Puzzling deviations: BR(B® —K"u*p ), BR (B® »Kquw), BR(B" —K* u'u)

Average of the B -K*pp and B —¢ up decay rates measured by LHCb, CMS,
ATLAS and CDF in the high-q? range:

Average from
LHCb, CDF,
CMS and ATLAS

Theory predictions with Cg = C5);)— 1.5

Zwicky et al,Phys.Rev. D71 (2005) 014029,
Horgan et al., Phys.Rev. D89 (2014) 094501
Horgan et al., Phys. Rev. Lett. 112 (2014) 212003
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LHCb: JHEP 06 (2014) 133, JHEP 08 (2013)131, JHEP 07 (2013) 084
CDF: Public note 10894, CMS: arXiv: 1308.3409 ATLAS: ATLAS-CONF-2013-038
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Interpretation I

Assuming new physics in B -=K®uu only, a consistent description of these
anomalies seems possible:

G. Hiller and M. Schmaltz, PRD90 (2014) 054014
D. Ghosh et al., arXiv:1408.4097 [hep-ph].

T. Hurth at al., arXiv:1410.4545 [hep-ph].

S. L. Glashow et al., arXiv:1411.0565 [hep-ph].

> — ->-
#+ Re(C5T)
7! Difficult to explain data in SUSY scenarios
Z . . .
— or using partial compositeness (why only C,?)
H Data can be described using Z’ with flavour violating

couplings, but mass must be o(7 TeV)

to avoid direct limits and limits from mixing (Am,).

Fox et al., PRD 84 (2011) 115006, Buras et al. JHEP 11 (2014) 121
Altmannshofer et al. PRD 89 (2014) 095033

PS: NA62 will probe the same underlying physics with K — wvv decays
Gaia Lanfranchi (LHCb Collaboration) ---- 4 March 2015



Interpretation 12

™™

However, while Ry is theoretically extremely
clean, predicted to be 1 to an excellent accuracy
in the SM, the other observables are plagued

by sizable hadronic uncertainties,
[different treatments of (factorisable/non-factorisable)
corrections can give large variation of P’;]

l T ¥ T T ] T ¥ T L ] T T T T | | v T T T | |

- [] smarxiv:1307.5683 .

L B smarxivi12122263
—4— LHCh 16 i}

0

1

. experimental and theoretical sides

20
g* [GeV/ct)
Descotes-Genon, Virto, Matias PRD 88 (2013) 074002

D. Van Dyk, C. Bobeth, F. Beaujean EPJC 74 (2014) 2893
Altmannshofer, Straub, EPJC 73 (2013) 2646, JHEP 01 (2014) 069
Jaeger, Camalich JHEP 05 (2013) 043
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Study of the rare BOESZ — " T u" p decays 13

LHCD, arXiv: 1502.05104, to appear in PLB 743 (2015) 46

BSO —f,u "t dominated by “penguin” s d
and “box” b — s transition in SM.

Potentially sensitive to non-SM contributions,
access similar physics of BO K™ 0ty

and B —p

s, d
9

B? —pp*p- : dominated by “penguin” and
“box” b — d transition in SM.

Potentially sensitive to non-SM contributions,
complementary w.r.t. B —fyutp

Gaia Lanfranchi (LHCb Collaboration) ---- 4 March 2015



Study of the rare BOE o n" 7w u" p decays 14

LHCD, arX|v 1502.05104, to appear in PLB 743 (2015) 46

Resonant channel: B —J/y n" 1 Signal channel: B — 7" 7 p'

ST - B}~ Jhp ,(980) I, S — B~ 1,(080) u* w

> 10%L 4 ~— B’ Jhp p(T70f S —- B 7700 i

(o) T Y R B°— Jhp K*(892)° [} i -ooe B K(892)° u* W
2 _ B‘:—-Jhp{; 2 L B

o Fi o1 o 30 T S

\Q'l’ i ‘ @’ : = B =K uy

E 102¢E L S Y — ?..’ I : ~--- Combinatorial

QC) Fh qc, o0l :

Lﬁ _— i L Lﬁ & ‘,

-[ 1 | .? //_%,1 .IA ] 1 ) PRk S B T T &"J "L""L L L+ +l l L”:} L1 ﬁ ++ 1
5.2 5 4 356 538 52 54 56 538
M(Hrutw) [GeV/cd] M(rpt) [GeV/e?]

LHCb sees first evidence for B, — n*rpu*p (7.3 6 ) and B —= nfptp (4.8 o)
NB: b — d transitions are suppressed by |V, /V > w.r.t. b — s in SM;

Gaia Lanfranchi (LHCb Collaboration) ---- 4 March 2015



Study of the rare BO£S2 — " ' p decays | N

LHCD, arXiv: 1502.05104, to appear in PLB 743 (2015) 46

The results for the decay rates:

B(B?— nn putp~) = (8.6 £ 1.5 (stat) £ 0.7 (syst) £ 0.7 (norm)) x 10~2
B(B°— nfx putp~) = (2.11 £+ 0.51 (stat) £ 0.15 (syst) & 0.16 (norm)) x 102

are compatible with SM expectations.. Br(BY — f5(980) 1)
(521733 ) x 1077 | [PRD79,014013]
(9.5”:3-_}3) % 10~% | [PRDS81,074001]
(1.67 £ 0.61) x 10~ 7| [PRDS1,074001]
(0.81 —2.02) x 10~°| [PRD80,016009]
(0.63 — 3.37) x 10Y| [PRD80,016009]
Br(BY — p(770)ut )
(5.0734) x 105 | [PRD56,5452]
[HEP-PH/9609503]
(86%3%) x107® | [PRDS33672)
[HEP-PH/9609503]

.. but SM predictions differ up to two
orders of magnitude among each other!!

We need input from the
theory community.

Gaia Lanfranchi (LHCb Collaboration) ---- 4 March 2015
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Differential branching fraction and angular analysis of A, = A p"u decays
[to be submitted to JHEP]

b

Same b — s quark level transition as for B — K*0 u*u-

u u
Unique features: i d >
1) A, baryon has non-zero spin: Ay A
—potential to improve the limited understanding b

of the helicity structure of the underlying Hamiltonian, “
which cannot be extracted from mesonic decays.

2) composition of the A, baryon may be considered as
the combination of a heavy quark with a light

di-quark system:
—the hadronic physics differs significantly from that of the B meson decay.

3) A baryon decays weakly: (vs K™ that decays strongly)
— complementary information to that available from meson decays

T. Gutsche et al., PRD87 (2013) 074031, arXiv:1301.3737v2
D. Van Dyk et al., arXiv.1410.2115
Gaia Lanfranchi (LHCb Collaboration) ---- 4 March 2015
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Differential branching fraction and angular analysis of A, = A p™u decay
[to be submitted to JHEP

1.8 : I I I I I I I I I I I I I I I I I I
3 fb_l data 1.6 :_ SM prediction _

14 |
analyzed. - D |

12 '_3_'1—0—#—0—'

IIIIIIIIIIllllllllllllllllllllll

dB(A, = AL )/ dg* [107(GeV* /e

Inner error: stat + syst Ky A
. . 04 =
Outer error: including ':—I— 1
normalization 021 LHCD preliminary -
u 1 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I .
0 5 10 15 20

¢ [GeV?/c4]

—> signal seen for the first time with a significance > 3 ¢ between 0.1 < ¢?< 2 GeV?/c?
and between charmonium resonances;

— no significant signal observed in the 1.1 < ¢? < 6.0 GeV?/c* range.

— uncertainty in the decay rate within 15 <q?< 20 GeV?/c* is reduced by a factor

of ~ 3 w.r.t previous LHCb measurement.
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Differential branching fraction and angular analysis of A, = A p"u decay
[to be submitted to JHEP]

Measurement of the forward-backward
asymmetry for the lepton Al ; (same as
B? — K*0 u*u-) and for the hadron side AP 5

L e L B L B L B
04F
03E
E 02E
E 0.1F

h
FB

RARRY ALY LU
!

3 -0.1E
3 02
. 03
= 0.4F s

E PR T R NN AN SRR TR TR T E ST ST ST SR NN ST ST S S N 3 - E . . s | P M
T 5 10 15 20 02 5 10 15 20

7 [GeVZc!] ¢* [GeV*/c*]
S. Meinel, arXiv 1401.2685, Proceedings of Lattice2013
Computed at the leading order of HQET (accurate up to corrections o(m,/\)).

777777777777777777777777777

I
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Apg' is compatible with SM predictions at 2 ¢ level
Apgt is fully compatible with SM predictions
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Differential branching fraction and angular analysis of Ay —= A pu decay
[to be su]omitted to JHEP]

Measurement of the forward-backward
asymmetry for the lepton Ali; (same as
BY — K™ p*u) and for the hadron side

h
A FB
e I _m 05— l T
08t LHCb preliminary 04 LHCb preliminary E
06F 03F =
04 02F E
02F 0.1F 3

0

T e

lllll:lll

[l
llllllllllllllllllllllllllllllllllllll-l
o

02 01E E
04E 02F E
06F 03F 3
08F 04F I . .
-1 - 1 - P | I - | - 1 P | - I | _05 = - - | - I | 1 1 | - 1 P | 1
0 5 10 15 20 0 5 10 15 20
a2 [GeV? o4 a2 [GeV?/c]

for 15<q?<20 GeV¥/c* | App = —0.05 4 0.09 (stat) =+ 0.03 (sys)
Al p = —0.29 +0.07 (stat) =+ 0.03 (sys)

Gaia Lanfranchi (LHCb Collaboration) ---- 4 March 2015



The DNA of the Wilson coefficients

Straub, Altmannshofer arXiv:1308.1501
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The DNA of the Wilson coefficients

20

C,’ compatible with zero (so far)

Straub, Altmannshofer arXiv:1308.1501 [in the assumption that Im(C,”) =0]
/ Arp
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Angular analysis of B'— K™ e*e” decays

LHCDb paper, arXiv 1501.03038

In the SM, photons from b — sy decays are d d>
predominantly left-handed (C,/C,” ~ m,/m,), W/7?
due to the charged current interaction. b

Several models beyond the SM predict the
photon to acquire a significant right-handed
component due to the exchange of a heavy
fermions in the electroweak penguin loop.

Everett et al. JHEP(2002) 022, Foster et al. PRB641 (2006) 452
Lunghi et al. JHEP 04 (2007) 058, Goto et al. PRD77 (2008) 095010

A 3D angular analysis (like B® -K™u"u-) at the photon pole (g% = [0.0004,1] GeV?/c*)
allows to assess the photon polarization in b — s y transition

Grossman et al. JHEP06 (2000) 029
Jager et al., JHEPO05 (2013) 043

Gaia Lanfranchi (LHCb Collaboration) ---- 4 March 2015



Angular analysis of B’— K™ e*e” decays

LHCDb paper, arXiv 1501.03038

Angular analysis as B -K™ u*u-
Measured observables:

(F

Candidates / (30 MeV/c?)

0.16 = 0.06 + 0.03\

Candidates / (0.2)

L S
AR = 40.10+0.18+0.05
—A® = —023+0.23+0.05

Im __

NG

Quantities related to photon polarization
Kruger et al. PRD71 (2005) 094009
Beciveric et al. NPB854 (2012) 321

Candidates / (0-2)

+0.14 £ 0.22 + 0.05
_/

Consistent with SM expectations
[adapted from Jager et al. JHEP 05 (2013) 043]

Gaia Lanfranchi (LHCb Collaboration)

Candidates / (0-1x rad)

L 0101-8(% \
Re .0
AT —~0.15%553
— AP = 40.03§5%
- A (—-0.2%12) x 10—j
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Angular analysis of B— K™ e*e decays

LHCDb paper, arXiv 1501.03038

Theory predictions on C,/C,’ based on the B-factories results

q =) T q A;-,

2_,-.- -.-!v

Im{C7y™/Cf 7]

st t.2s2z
l &

Re[C737/C73 )

Assumptions: C, = C,(SM),
C,’ =free to vary

/ -’

4 Fi, = 0.16+ ()gé + ()_()3,)’ 3o contours based on B factories results
Re __ / o [BaBar PRD78 (2008) 071102,
A" = +0.1(3,i O;I,&E 0.05 Belle PRD74 (2006) 111104]
—AY = —0.2340.23+0.05
—)AITm

\_

= +40.14£0.221+0.05

(Unfortunately) everything is consistent with the SM predictions.
Gaia Lanfranchi (LHCb Collaboration) ---- 4 March 2015




Rare Decays and the Higgs

(or how rare processes can test non-SM Higgs sectors)

L

Gaia Lanfranchi (LHCb Collaboration)
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New Physics?
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4 March 2015
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Rare Decays and the Higgs

(or how rare processes can test non-SM Higgs sector)

New Physics?

g
I ( \\\ I
H <
u' / !

You can recognize here the main diagrams that drive the B, —p*p decays...

Gaia Lanfranchi (LHCb Collaboration) ---- 4 March 2015
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BY—pfu and B —pu: a story 30 years long

Limit (90% CL) or BF measurement
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10710

Gaia Lanfranchi (LHCb Collaboration)
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B'—p"u and B —p*p: a story 30 years long
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= | YYua B E LHCb
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o | A4 DO ee C cb | SM:B" —u"u-
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La Thuile 2011: LHCb presents its first results based on 37 pb-!
(competitive with CDF with 3.7 fb1)



BY—pfu and B —pu: a story 30 years long
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Limit (90% CL) or BF measurement
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November 2012: LHCD publishes the first evidence for the B, —p*p-
[ PRL 110 (2013) 021801]
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B'—p"u and B —p*p: a story 30 years long
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November 2014: CMS and LHCDb publish the observation for the B, —p*y- and the
evidence for the BO—p - [arXiv:1411.4413, submitted to Nature ]
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Athher puzzling deviation: BR(B; —=p ) 26

LHCb and CMS, arXiv:1411.4413

C_;.MS ?nd| L|_||Cb| (L:_'Clrur? I) T I T T T I T T T | L — 0.9 C’VI'S' and LHCb
E —4— Data E g 0.8 E_
=1 — Signal and background LF
- [ 1B u'w 4 =207
- Bty 1 T E
- e -+ = Combinatorial bkg. 1 w 06F
! [ Y I N I A S SR Semileptonic bkg. 1 ® sk
= ’\ = = Peaking bkg. - =
Sy z', B 0.4
- RN /1 ERE
= R A\ [ A [ +‘L 4- l {_i 0.2 i—
S s S b kit *Ll ) J junses 3
5000 5200 5400 5600 5800 0
e, [MeV/c?]
Results:
0y = +1.58 +0.31 -10
BR(BY) =(3.947"°, 4 024 )X 10 3.26 observed (0.8c expected)
0) = +0.66 +0.26 -9
BR(BY) = (2.79 —0.60 019X 107 625 observed (7.66 expected)
Theory predictions:

BR(B*—ptp )= ( 1.06 + 0.09) x 10-10
BR(B/—=pufu ) =(3.66+0.23) x 10” Bobeth et al, PRL 112 (2014) 101801

Compeatibility with the SM predictions: 2.2 ¢ for B and 1.2 ¢ for B,
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BR(B? —pu*u”) and BR(B? —pu*u") in a model independent approach:

LHCb+CMS B -1 ‘i
result out of scale

4 )
» Bs — ppvs. By — pp:

powerful test of Minimal
. Flavour Violation

J
~ Beyond MFV: scalar )
operators (e.g. SUSY)
unconstrained by other
\processes y

» Z penguins beyond MFV:
size constrained by
b — sl*{~ processes
10° B_R(Bs—>p+y_)

D. Straub, CKM 2014

10'° BR(By-u' 1)

Gaia Lanfranchi (LHCb Collaboration) ---- 4 March 2015



Co_nclusions

* LHCb with three years of data taking has performed a major step forward in
constraining Wilson coefficients related the the b rare decays realm.
* Only hints of discrepancy so far, to be confirmed with more data.
* New results still based on Run I dataset coming soon:
- Full angular analysis of B ->K™u*u- with full dataset
- Measurement of the photon polarization in B,” —¢y decays
- Differential BR of B* —»n"u*u- decays
- Differential BR of B —¢ p'y
- Rg« and Ry

Re(Cy)

D2004 Jett Bucchino

.. And many more during Run II !
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Angular analysis of B— K™ pu*u- decays

d'T B
dg? dcosfk decos@ydo 32w

+J3 sin? @ sin? 6 cos 2¢ + J, siw o+ Js siqu
+(Jgs sin? O + Jg. cos® ) cos b + JWsin o+ Jg SiWn o

+Jy sin? @ sin? @ sin 2¢] : (1)

[Jm sin’ Ok + Jy.cos Ok + (Jos sin’ Ok + Jo, cos> Ok ) cos 26,

@ Large number of terms simplified by angular folding, e.g. ¢ - ¢+

if ® < 0 to cancel terms in cos ¢ and sin @, or integration.
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Angular analysis of B— K™ pu*u- decays

d'T B
dg? dcosfk decos@ydo 32w

+{7kin® by sin® 6y cos 26 + . siw 6+ Js siw b

A
i i H-(Jes sin? O + Jg. cos® O ) cos b + JWsincb + JgSinld)
/
/

4
/I +Jy sin? O sin? 6; sin Qd)] . (1)
/4

[Jl,g sin’ Ok + Jy.cos Ok + (Jos sin? Ok + Jo. cos® Ok ) cos 26,

J. tel;ms depend on the complex spin amplitudes AL R Aﬁ R AL R

@: S8 [|ALP? = |AF? + | AP — | AR
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Angular analysis of B— K™ pu*u- decays

d'‘r 9
dg? dcosfk decos@ydo 32w

+{7kin® by sin® 6y cos 26 + . siw 6+ Js SiW 6

A
I' (Jgs sin® O + Jg. cos® O ) cos ) + JWsincb - JSSiMnd)
/

/

/4
III +Jy sin? Ok sin? 6 sin 2¢] . (1)
/4

[Jls sin’ Ok + Jy.cos Ok + (Jos sin’ Ok + Jo, cos> Ok ) cos 26,

I

J. tel;ms depend on the complex spin amplitudes AL R A|| ,Ai’R

@: 39 (A7 — 14FF + AL — |AfP]

The splp'amphtudes depend on the Wilson coefficients via form factors q> dependent;

NV2X { [(C5™ + C5™) = (Cig + €] ff',,zK* 2’"”(ceff +CFMTy(q? }
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Angular analysis of B— K™ pu*u- decays

d'‘r 9
dg? dcosfk decos@ydo 32w

+{7kin® by sin® 6y cos 26 + . siw 6+ Js siw 6

#
as H-(Jes sin? O + Jg. cos® O ) cos b + JWsincb + Jg Siqub
/

/

/
III +.Jy sin? f sin® ; sin 2¢] (1)
I

[Jl.9 sin’ Ok + Jy.cos Ok + (Jas sin? O + Jo. cos® Ok ) cos 26

J. tel;ms depend on the complex spin amplitudes AL R Aﬁ R AL K

0= ot 1At — ot 14t o
N
The spln amplitudes depend on the Wilson coefficients via form factors g dependent;

Al_"L(R) \N\/_{ [(Ceff + C'eﬂ) F (C /eff ] V(qz) 2mb(ceff + Cleff)Tl }

mpg + Mgs=

Build CP a‘«eraged observables:
s, =@, +3)/@+1)

14



Angular analysis of B— K™ pu*u- decays

d'‘r 9
dg? dcos Ok decosbydd 32w

+{7bin® O sin  cos 26+ J, SiW 6+ Js SiIM 6

A

I
s H-(Jes sin? O + Jg. cos® O ) cos b + JWsin o+ Jg Sin o
U

/

[
III +Jy sin? O sin? 6; sin 2(}5] , (1)
/4

[Jlg sin? Ok + Ji.cos® Ok + (Jas sin’ Ok + Jae cos> Ok ) cos 26,

I

J. tel;ms depend on the complex spin amplitudes AL R A|| ,Ai’R
@— =57 [|AL1? — |A[ P + |AT? — | A1)

N
The spm amplitudes depend on the Wilson coefficients via form factors g dependent;

Al_"L(R) \N\/_{ [(Ceﬂ + C’eﬂ) == (Ce /eff ] V(qz) 2mb(Ceff i Cleff)T }

mpg + M=

Build CP a‘«eraged observables:
s, =@, +3)/@+1)

Build observables where form factors uncertainties cancel at leading order:

=S (F, (1-F))) 14



BR(B,' —=p*u”) and BR(B? —p*u): constraints on Wilson coefficients

2
Mg
BR(Bs — ppu™) o 17, (I(C 10 +/CP9/ 10 ~om (Csi‘*‘\CSP)/)CSP) )
If we neglect NP in C),, BRs are proportional to the squared sum/difference of C and C,.

1,0
04 Bl—=pu |  B'—pt
Constraints on the % 0.2 . 05
COg Wilson coeff. g “Q | A |
. | O -
from the measured %'m O'O: O - 00
BRs (pre-combination) © -0.2 ks 5 5f
Alonso et al. arXiv: 1407.7044 _0.4; 1o, 36 contours |
..................... -1 -
-0.4-0.20.0 0.2 0.4 —010 -05 00 05 1.0
C +C s CS +CS

The radius of the rings 1s proportional to the measured branching fractions,

The width of the rings is proportional to the experimental accuracy.

— 1mproving the experimental accuracy in these modes reduces the width of the ring,
other observables are required to break the degeneracy (effective lifetime)



Rare decays with ew-penguins: prospects

\
Upgrade
34 k
61.6 k
1280
. 3320

Zwicky & Lyon in [arXiv:1406.0566]

3fb~! (748 TeV) 2015 Run II
B — KTy~ 2.6k 14—21k 8.5k
BT — Ktutu~ 4746 + 81 26 -39k 15.4k
Bt — mtutp~ 100 50 — 80 320
Bt — Ktete™ (1< q? < 6) 25613 140 —210 830
Twith enlarged q2 windows for 3fb* analysis
T T S S R S o )
B o wxirsens By 2028 the statistical uncertainty
+ B sv arxiviizi2zes on each point will be reduced by a factor 3-4
—$— LHeb 1 ! ) <€
0
1 P, (zcaled-FA)
[ — 1 '
o s +“+“ .
_l....ﬁ.l........l
0 S 10 15 20
g* [GeViic)

Will we be able to control the hadronic
uncertainties at the same level?




Expected precision on R = BR(B'—=pu*u™ )/BR(B,'—=p"u) 30
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Main limiting factor will be the control of the peaking backgrounds
(pure particle 1dentification problem)



Theory predictions: error budget

BR(B)—p ) = (3.66 £ 0.23) x 109 (6.3%)
BR(B'—p'u ) = ( 1.06 + 0.09) x 10-10 (8.5%)

} Bobeth et al. 13

Bl—utu fg,  CKM 3,

IDICHRET

as  other param. | non-param. Z

0.1% <0.1% 1.5% 6.4%

BO%H 1w fgd CKM Ts

other param. | non-param. Z

.@ 0.5% 16% 01% <0.1% 1.5% 8.5%

o fg, = 227.4(4.5) MeV
[FLAG ’13, arXiv:1310.8555]
o Vg from recent inclusive fit

[Gambino, Schwanda '13, arXiv:1307.4551]

o fg, = 190.5(4.2) MeV
[FLAG '13, arXiv:1310.8555]

error budgets
non-param.

Ols
M;

CKM

qu

TH non-param.
Ols

T4
M;

CKM

The uncertainty of CKM matrix elements is now larger than the uncertainty on fg 4




Theory predictions: error budget

BR(B'—pu ) = ( 1.06 + 0.09) x 10-10 (8.5%)

[BR(BSOewp) — (3.66+0.23) x 10 (6.4%)]

Bl—utu fg,  CKM 3, as  other param. | non-param. Z
@ . 1.3% 1 6% 0.1% <0.1% 1.5% 6.4%

BO—pu~ fs, CKM 13 M; as  other param. | non-param. Z
05% 1.6% 01%  <0.1% 1.5% 8.5%

[R = BR(B*—p"p)/ BR(B\—p'p) = 0.029500028 _ (+8.7% - 7.7%) ]

The theoretical uncertainty on R is due:
- 8 % uncertainty from CKM elements ;

- 3.7 % uncertainty from fg /{5,

- 1.4 % uncertainty on the B, lifetime

These uncertainties do not cancel in the ratio.




