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= Motivations

= The LHCDb detector at LHC

= Results on charmless decays from LHCb Run I analysis

« Update of B, ,—Kgh+h’- branching fractions. [JHEP. (2017) 2017: 27]

« Amplitude analysis of B,—~Kgmr+m- decays and first observation of CP asymmetry in
Bo—K*(892)+ar-. [PRL. 120, 261801 (2018)]

« Search for CP violation using tripleproduct asymmetries in A, - pK-mr+7-, A, - pK-K+K- and
E,—~pK-K-r+ decays. [arxiv:1805.03941]

« Search for CP violation in A,—p-and A,—pK- decays. [LHCB-PAPER-2018-025-002]

= Conclusion and prospects



Introduction

= Charmless b-hadron decays proceed through various processes.
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\ | b—u tree | b'—>d,s penguin / \ annihilation /

» can interfere - CP violation

= BSM particles can contribute inside of loops or instead of W+,

= Three-body decays allow access to phases
between quasi two-body decays (Q2B) using

 angular analyses;
 Dalitz-plot analyses.
e No trigonometric ambiguity!
= CP violation in baryons has only recently been observed |
e Nature Physics 13, 391-396 (2017) 0;. o o




Current status of charmless b-decays n

= Many channels not yet observed
e Suppressed decays (BR < 10-5)

 Includes decays of B, A, b-baryons etc.—»not accessible by B factories.

= Final-state particles: protons, kaons, pions, and sometimes photons from 0 decays.

e Decays involving 710 are more difficult, but lots of effort in that area.

= For most decays, programme in two steps:
1. Observe modes for the first time and extract branching fractions.

2. Perform angular, Dalitz-plot analyses to access physics observables , e.g. phases, CPV
observables.



The LHCDb detector
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Calorimetry LHCDb performance paper
95% K eff ECAL resolution:

arxiv:1412.6352
For 5% m—»K misID ! % + 10 %/ J(E[GeV])


http://arxiv.org/abs/arXiv:1412.6352

Results on charmless decays from LHCb Run I analysis
(3tb-1)



Update of B, -»K h"h’" branching fractions

[JHEP. (2017) 2017: 27]

= B~ Kh+h’, with h, h’ = 7,K — 8 decays.
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Previous LHCb analysis (1fb!
[JHEP 10 (2013) 143]
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= Goals of the LHCb analysis using 3fb':
» update measurement of branching fractions;

» search for B - K _K*K";

 prepare Dalitz-plot analyses of all modes.

= Dataset divided into:
e 4 final states;

» 2 K, reconstruction categories (Long-Long,

Downstream-Downstream);

3 data-taking periods.

— 24 invariant-mass distributions



Update of B, -»K h"h’" branching fractions

[JHEP. (2017) 2017: 27]
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= Shapes taken from Monte-Carlo, except for combinatorial background.

= B, and B, masses and widths fit in data.

= Fast Monte-Carlo developed for partially reconstructed backgrounds modeling.

= Gaussian constraints on misidentified signals and partially recontructed backgrounds

yields.

/



Update of B, -»K h"h’" branching fractions

[JHEP. (2017) 2017: 27]
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B -K K*K": 2.50 significance.

B(B°— KOK+*K)
B(BY— K{r+m—)

€ [0.008 — 0.051] at 90% C.L.

Ccorr
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L8 s
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B(B°— Kdntm—)
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~

0.191 = 0.027 (stat.) =+0.031 (syst.) & 0.011 (f,/fs),

0.123 + 0.009 (stat.) =+ 0.015 (syst.),

0.549 & 0.018 (stat.) =+ 0.033 (syst.),

L.70 £0.07 (stat.) £0.11 (syst.) £0.10 (fs/fa),

= 0.026 £ 0.011 (stat.) £ 0.007 (syst.) +0.002 (f,/fa),

Compatible with previous measurements

\ Dalitz-plot analyses underway. /




Amplitude analysis of B°—>K ar*ar 10

PRL. 120, 261801 (2018)

= Possibly related to the “Kur” puzzle (difference between Agp in B—>K-mr+ and B--K-1r0).
Eur. Phys. J. C51 (2007) 55, Phys.Lett. B675 (2009) 59, Phys. Rev.D83 (2011) 034023, Phys. Lett. B682 (2009) 74

= Current statistics do not allow to use flavour tagging (power ~ 5% in LHCb).

= Analysis is time-integrated — amplitude is an incoherent sum of B and B.

B> s e A.." Ay\,r
Als,5 ) + Al s | X
P(si,s_) = _ — - , A= ciFi(sy.s_), A= ciFi(sy,s_),
(s .”Dp (|A(5+:5—)|2 + |A(5+:5—)|2) ds;ds- ; i#ils4:5-) FZI iFilser5-)

= Presence of flavour-specific resonances — possible to measure direct CP asymmetries:

— —_ Resonance Parameters Lineshape
ACP Araw AA 1o = 801.66 + 0.26

K*(892) s 00 RBW
Re(ha) = 0.204 £ 0.103
(K7)y Im(()‘o)) =0 EFKLLM [1]
. : m(\) =
=12 2
1% — |cj K3(1430) mo = 1425.6 i L5 RBW
e = D00 Aa= Ap(BY) + Ap(m) " fiterer
12512 + e K*(1680)" o o 110 Flatté [2]
. . : . Fo(500) o RBW
= Baseline model inspired by previous BaBar and Belle T
: p(T70)° Ty = 149.8 + 0.8 s B3l
analyses, educated by add/remove algorithm. 0= L9820,
[Phys. Rev. D79 (2009) 072004, Phys. Rev. D80 (2009) 112001 ] o(980) gr = 0.165 + 0.025 GeV Flatté
g = 0.695£0.119 GeV
Fo(1500) ”152) — 11%%5 fTG RBW
mo = 3414.75 £ 0.31 -
e Iy = 10.5+0.6
[1]: Phys. Rev. D79 (2009) 094005, [2]: Phys. Lett. B63 (1976) 224, N (N S

[3]: Phys. Rev. Lett. 21 (1968) 244.



Amplitude analysis of B’>K 7r*ar°

PRL. 120, 261801 (2018)

ThlS 1s CP Vlolatlon'

= Direct CP violation is already apparent in ; = LHCb >2§° LHCh
the m2(Kyr+) and m2(Kyr-) projections. 3 180F S
= Resonant structure is modelled and fit < 120p < 120}
fractions extracted. L 3
g 6of ER3 E
= Critical role of the (Kir) S-wave - EFFKLM *© s
modelisation. 0i- I A« ¥
m, [GeVct] m2o. [GeV?c!]
/ Stat. Syst. Model. \
F(K*(892) ") = 943+0.40+0.33+0.34%, Stat. Syst. Model.
F((Km)gn™) = 327+ 14+ 1.5+ 1.1%,
FUC(1430)7%) = 245+ 1040144012 %, = Acp (K*(892) 77) = —0.308 £ 0.060 £ 0.011 £ 0.012,
F(K(1680) 1) = 734+ 0.30+0.31%0.06 %, Acp((Km)ym ) = —0.032 % 0.047 £ 0.016 £ 0.027 ,
.F( (1500)K”) 2.60+0.54 +1.28 £0.60 % ,
F( chf{“) = 223° 08 +0224+013%,
F(KWrtn )NR = 243+ 13+ 3.7+ 45%, v
60 significant CP violation.

o

Compatible with current measurements, with similar precision

/




Search for CP violation using triple product asymmetries in g
A, - pKK'K, pK'or*mr-and E ->pK' K" decays

[arxw 1805.03941]

= Dominated by a b - usu tree and a b - suu penguin. Relative weak phase dominated by
the angle vy.

= First evidence for CP violation in baryons in the A, — pr-mr+m- decay mode. [Nature Physics
13, 391-396 (2017) |

= CP-violation effects could be enhanced by the rich resonant structure of these decays.

« Triple products in the final states defined as C7 = Pp - (Pn, X Dra) (h, is the K- (with the
largest momentum if need to disambiguate), and h, the positively charged pion or kaon).

= The motion-reversal operator T reverses the spins and momenta of particles. Used to define
asymmetries that are (largely) insensitive to production and detection asymmetries:

r
/ N(C7>0)—-N(Cz<0) - \
3 As = T-odd P-violati
‘i < T :V(O" > U) + V(O" < U) (}’P = violating
—C% As = X(_gf - 0) _ X(_gf = O)_ Gg}?dd = CP-violating
o U7 N(=Cz>0)+N(-Cz<0)

Complementary with “usual” A , observable (¢’: weak phase, &’: strong phase):

Az o sin(d’ + ¢)

Tl X Sill(fsf - (Jf) Acp = N, =) = /) = N, 50~ /) o sin ¢ sin @
cP {10 ’*0 N f} (10 ’—-0 - f) SH@:

\ a (TFE”“ o sin ¢’ cos ¢’ /




Search for CP violation using triple—product asymmetries in
A, - pKK'K, pK'or*mr-and E ->pK' K" decays

[arxw 1805.03941]

= Selection fully optimised on data.

13

= Numbers of events extracted from fits. / C;>0 Cr <0 \
~1400 7 ~ 1400 ]
1 1 < F A%(C,>0) — Fall fit 10 E A%(C.<0) — Full fit ]
= First observation of Ay — pK-(y(1P)—>K+K-) S 0E | e {31200 LTy~
o = anee Combbls: - ] anaateried s ol Comb. bkg.
and Ab —> pK- ( XCO( 1P) e d JT + :]T') decays‘ ©] <) C n - Part-rec. bkg. ] g/ Pz;rt»rec; bkg. ]
a‘ % 80():_ - B'— K+71'_7L'_7L'+—: 2 800 ---Bo—>K L
. . Eg .§ ; - Ay—> pKK* 7 :§ e e
= Phase-space integrated asymmetries: 3 % Horemr 18 e B
S 400 e e B KKirr ]
A= pK— 77 N pK-KTK-  E)—=pK K n* SR T sac B b R & g
200 e b C
aLodd (%) —0.60+0.84+031 —1.56+1.514+0.32 —3.04+5.19+0.36 N S e _ e e
aZpdd (%) —081+084+031 1.12+1.51 4032 —3.58+5.19+0.36 Sarisan 55 oe e TR e D
CP (%) m(pK 77 [GeV/c?] m(pK ~n*n") [GeV/c?]
e Consistent with no P or CP violation. S SRR R TR e e
g > 1zoo;£‘i(l'ccg> D e xwr 3S1200p HCO T I;K’ o ]
LECURE - 1@ [LHCb iy
= Phase space divided in bins. 2 2 1000 Bae B ﬁ Gihesdived
213k 6 2 G soof B ETrR ST sof B KT
R | T Shgn an g e BRSSO S B SN 0'..—.-0-*«.-"'—0—0—_._"‘....-.-"""....... =2 5 [ - A= PKK'T Z"q-'c; F - AV= pK K ]
: 908 = - +~+ g g 600 5 pk 1S 600F s pKmt e
R 3 I I I — I = Msprrr 12 5 o a0
% 700;,_ LHCb . Ab(cf‘>0) OZE(-CT>O) (‘3 400: — B KK'rat :§ 400: _22_—:;?](1[”?”,,_:
= ¥ ° A)(C,<0) ° A,(~T,<0) 200F Tl 10 200F Ny, ]
et 500'— 0: i . n ! = :‘. ) .J e S
3 400F t 22 4 (p;?* 5.)8[G V6/ ) 82754 56 53 6
5 * m ) [GeVlie m(pKn*tn) [GeV/c?
2 300 $§i—ﬁ PR, o o7t \ @ ) [)
200 $¢. "
100E hE o
1 1 :0: L L I-.-s=
0l 2 4 3

m(pr*) [GeV/c?]

4
m@Ena) [GeV/cl]

Uncertainties are dominated by statistics

No CP violation observed, either integrated or in regions of phase space




Search for CP violation in A, —»pm~and A —>pK-decays

[LHCB-PAPER-2018-025-002]

= Theoretical models predict a CP violation in these

decays from %-level to ~30% [Phys. Rev. D91(2015) 116007,
Phys. Rev. D58 (1998) 094009, Phys. Rev. D80 (2009) 034011]

= Previous result by CDF compatible with 0, with )
a 8-9% uncertainty [Phys. Rev. Lett. 113 (2014) 242001].

= Analysis strategy: measure raw CP asymmetries

Araw(pK ™)

Avaw(pm)

Dominant topologies \
W

W
Sty : 460
~, 2V m ”" u
d -~ d d » d
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( Zg oK +) 3 EW penguin QCD penguin
(A = pr) ()
(4 = prt)’ W
b U
d - d
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(A 0K™) = ApK") — An(p) — An(K")
Apip(pK ™) — Ap(A}) — Apigger (DK ),
Acp(pr™) Araw(pm) — Ap(p) — Ap(77)

Apm(pr™) — AP(AS) — Atrigger (PT), )




Search for CP violation in A, —»pm~and A —>pK-decays

[LHCB-PAPER-2018-025-002]

= Large possible contamination from B0, — K+~ K-+, 7r+77- and K+K- (crossfeeds).

= Yields are extracted from simultaneous extended maximum likelihood fits to invariant-
mass distributions in the pK+/- and par+/- for the signal, and K+~ K-+, 7r+71- and K+K-.

= Crossfeed yields fixed to values in the fit to corresponding final-state hypothesis,
multiplied by an efficiency ratio

A —)pK A —)pK

} Signals. Double Gaussian convolved with power

[ {iPart. reco. bkg.

[ {"iPart. reco. bkg.

ratio.

500F A2 —pr . It S00F A pat 1t law (radiative losses).
;Ea_”(ﬁ preliminary .Bf;_)K+,Ir preliminary
400F  po | pip 400F — po g
‘ ---g;n;beg r gon:)Kbi Crossfeeds. Yields are extracted from fits to
300 F 300 i corresponding final state, multiplied by efficiency

Candidates / ( 5 MeV/c?)
Candidates / ( 5 MeV/c?)

Partially reconstructed backgrounds (three-body
- decays of which a particle is not reconstructed).

%2 """ YT .518. %2 """ X YRR ‘ | Modelled with an ARGUS convolved with the same

My [GeV/c?] - [GeV/c?] two Gaussian as in the signal.

Combinatorial backgrounds (random association

400F A =P 400F A =P - of unrelated tracks). Modelled with exponential

LAy 5Pk o A —pK* .
350F g xon  iprelimingry & 350Fg 870 prelimirgary functions.
300F B0 o wra 300 IB" — Tt

Candidates / ( 5 MeV/c?)
Candidates / ( 5 MeV/c?)
[se]
=

250 { :Comb. bkg. “:Comb. bkg.
200 é—Part reco. bkg. 200 Part reco. bkg. | ( SI - SI ) \
150 150 pK pm
100 PR vy 100 LR iy APET %) | 1.0+£13 | APT (%] | 0.5+ 1.7
50 P, [ PP SOpramma T\fi‘:‘ 8847 + 125 ’\fi: 6 026 £ 105
$7 7754 56 5% Y7754 56 5% \ preliminary y

my, - [GeV/c?] M [GeV/c?]



Search for CP violation in A, —»pm~and A —>pK-decays

[LHCB-PAPER-2018-025-002]

K detection asymmetry: from D+—K-gr+7r+ and D+—KO07r+(as in JHEP 07 (2014) 041).

7 detection asymmetry: from D*+— w+D0(—K-7r+71-77+) (as in Phys. Lett. B713 (2012) 186).

Proton detection asymmetry: simulated events folded with momentum distributions.

PID asymmetries: reference samples + Monte-Carlo. 5 02F LHCb +AL 0K
= [ preliminary + AL spr ]
5
Trigger asymmetries: from Bo—K-mr+ samples, studying the charge 3= oif + *= -
asymmetry for hardware and software decisions. 2 [T . ]
: : : el L I 10 520
Integrated production asymmetries: signal momentum distributions = p o [GeVic]
convolved with values from Phys. Lett. B774 (2017) 139. I T—— e
~F IR e e
Systematic uncertainty AR (%) | AV (%) . ’ :
Kaon or pion detection asymmetrv 0.23 0.11 £  1FLHCb +A? 5 pk
Proton detection asymmetry 0.67 0.67 = L preliminary +4; = pr
PID asymmetry 0.74 0.73 § 0 I A
AY production asymmetry 1.40 1.40 '§ 5_ = = ;
Trigger asymmetry 0.53 0.95 5 T +—=—_D_
Signal model preliminary]  0-02 0.02 E ol . YRR
Background model 0.23 0.47 z n
PID efficiencies 0.57 0.74 o 2F -
Total 1.91 2.00 T 1
.
( Stat. Syst. \
[~ ‘ Stat. Syst.
AP —0.020 £ 0.013 £ 0.019,
P ! ﬂ AAqp = 0.014 £ 0.021 £ 0.013,
AV —0.035 £ 0.017 & 0.020, preliminary
No CPV observed, with greatly improved precision D




Conclusion and prospects



Conclusion and prospects 18

= All presented results use only data from Run I of the LHC — 3fb-! at centre-of-mass

energy Of 7 and 8 TGV. LHCb Cumulative Integrated Recorded Luminosity in pp, 2010-2018
8 = : z::i EEZ:E::T;?;:}TN fb+otom |
- . 2016 (6.5 TeV): 1.67 /ib
= Run 2 aims at adding 5 fb-! at 13 TeV B L e |
— more than four times as much S woeetoooen |

data as in Run I 55_ ................ ..............
N -
= All presented analyses are (mostly) N i I A Y
dominated by statistical uncertainties. SN U TR /S N T U

= Upgrade of all subsystems planned after
2018. 0

Integrated Recorded Luminosity (1/fb)

2010 2011 2012 2013 2014 2015 2016 2017 2018
Year

Expected LHC luminosity delivery. [2016 J. Phys.: Conf. Ser.706 022002 ]

= Peak luminosity =——Integrated luminosity
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- talk . B
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Conclusion and prospects

= New channels observed — physics programme of (three-body) charmless decays is
expanding.

{ - | v v v v | ' v v v ] v v v ! . '§
= Wealth of different channels: N% F £ Phys.Rev (501953, 1601 (201 10 5
O E =
o Initial hadron: baryon, B°, B, B_+ “_ﬁ) 20;
« Final state: baryonic, VO particle... Z‘; 155_ 14,
= 10F .
= Work on amplitude analyses T S
already ongoing. E : B* » mrrtrt 3
 Allows to measure many more Q2B U= T ‘1 S .
branching fractions. m),  [GeVel
e Allows to access more physics observables.
(" o _ )
“Phase transition” in charmless analyses at LHCb from
first observations to fully fledged amplitude analyses already
L started. y



https://doi.org/10.1103/PhysRevLett.112.011801

THANK YOU!



Backup: amplitude model

= EFKLLM has no cutoff compared to LASS

( LASS \ ( EFKLLM \

4 205 mgl"u/’p(mn}

p(mg,)cotdg — ip(mg,) (md —mi. — imﬂi% %) |

MEq

Rimg,) = R;(m) = F(m) (?:]2 + cl)

. 1
where cotdg =

\ ap(m) + 5rp(m) | | ) \ )

= Reduced K-matrix has been considered R(m) = 1— iig;’}{(m) ! E?p iT) :
but not retained due to weak experimental it ‘
constraints. FO(500) has been kept in the mal'(m)
mOdel K(m) = Kpes(m) + Knpon—res = (2 — m?) p(m) + K,



Backup: Xb2p3h

Contribution v —pK T (%) y—»pK " KTK™ (%) Z)—=pK K 7" (%)
Experimental bias  £0.31 (40.60) +0.31 (£0.60) +0.31
C4 resolution +0.01 +0.05 +0.02
Fit model +0.03 +0.08 +0.19
Total +0.31 (£0.60) +0.32 (£0.61) +0.36

= Experimental bias on CP is taken from Lb2Lcpi, where 0 ACP is expected.

= Stat fully uncorrelated between bins, syst fully correlated.

AD
Ay

=0

—h

U

b

e P has to have the same than CP.

) uw

V;r b d
w- _ T
(s

1
r

V iwh

S

(a) Tree diagram o< Vi ~ A?

5
u

d

u

d
u
u

d

u

K-

N
000000
b

1’” b ecbo, Ul W .l"u ol el el

dﬁg}ﬂﬂ]{ﬂ

i
d P

=0

—h

u

000000 L
b d T

erl’).r'l’).?‘b I‘I;’ Il/(r.'rf.r'nf.?‘rf
(b) Penguin diagram oc )

r=u,ct

1‘-’/rfj:lc Vrd ~ )"3

Ab rest frame




	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22

