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Introduction

Charmless b-hadron decays

e Penguinb —dorb—s
e Sensitive to new particles in the loop

o Tree-level b — u suppressed by V, b w
e Similar magnitude of tree & penguin contributions

e Tree & penguin have relative weak phase ~ w= u
Interference — CP violation p

.S

b d,s

e B, — annihilation diagrams
e Sensitive to BSM charged propagators
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>
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Introduction

Outline

@ Observations of A, — AKT7~ and A, — AKTK~ and searches for other A,
and =9 decays to Ahth'~
e LHCb-PAPER-2016-004
e arXiv:1603.00413
e JHEP 05 (2016) 081

@ Observation of the A, — A¢ decay

e LHCb-PAPER-2016-002
e arXiv:1603.02870
e Submitted to PLB

© Search for B} decays to the pprrt final state

e LHCb-PAPER-2016-001
e arXiv:1603.07037
e Submitted to PLB
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Introduction

Track types at LHCb

Upstream track
|
s

T

-

7
Long track T track

VELOH >y ¥ 7=t

T1T2 T3

e Long tracks pass through all tracking stations Performance paper:
e Downstream tracks pass through the TTand T LHCb-DP-2014-002
e Aand K? can decay outside VELO
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Introduction

Event selection

Full Run 1 dataset: 3 fb—! of pp collisions at /s = 7 and 8 TeV

Pre-selection using track quality, vertex quality, isolation criteria and
kinematic information

Multivariate Analysis to reduce combinatorial background
Hadron PID requirements to suppress misidentified backgrounds
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Ny/Z9 — Anth! LHCb-PAPER-2016-004

Introduction

Motivation:
e Only a handful of observed charmless b-baryon decay modes
e Ny — p~ and A, — pK™
o Ny — Kgpﬂ’_
e Some evidence for A\, — An

« No charmless decays of the =) have been observed

e (Can be used to study hadronisation in b-baryons

e Complement CP violation studies performed in b-mesons

This analysis:

o Search for charmless A, and =0 decays to Ar* 7=, AKExT and AKTK—
e Veto open charm A7 — Ah*,=F — AT and D° — hTh'~

e Normalise to Ay — Af(— AnT)m~

e Measure branching fractions and CP asymmetries of observed modes
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=0 ante’ LHCb-PAPER-2016-004

Ap =5

Branching fractions

The A, branching fractions are calculated as:
B(A, — /\h+h/7) _ N/\,,—>/\h+h’* ENp— N (ATt )=
B(/\b — /\?(—) /\7T+)71'_) N/\b—)/\:’(%/\ﬂ'+)7l'7 ENp— ARt —

Since f=o is not known, we measure:

= B(E) = AhtHT) Nzo santh= Enyosht (ohmt)m-

RB(Ab = A (= Art)r) Na,ns(onntyn— EZp—nntn-

Yields are obtained by fitting mass distributions
Efficiencies are found from simulation
e Data-driven corrections
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Ny /=9 — Anth! LHCb-PAPER-2016-004

Fits to mass distributions

Components for Ab/Eg — AhTh'~ signal, cross-feed, partially reconstructed
backgrounds (missing 7° and missing ~) and combinatorial background

Ao = A(—= Art)m™ Ao/Z9 = Antm™

LHCb
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Nz =19+38
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Ny /=9 — Anth! LHCb-PAPER-2016-004

Fits to mass distributions

Components for Ab/Eg — AhTh'~ signal, cross-feed, partially reconstructed
backgrounds (missing 7° and missing ~) and combinatorial background

Ao/Z9 — NKT7™ Ao/Z9 — NKTK™
o oo T T T T 3 o 90F
S 1 2 sof
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& 0k 41 & 6of
g 1 I sof
2 30 - 8
Q 4 Q
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Nz =447 Nzg =4+ 4
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Ny/Z9 — Anth! LHCb-PAPER-2016-004

Branching fraction results

Observation of A, — AKTK™ with significance 15.8¢
Observation of A, — AKTm~ with significance 8.1c
Evidence for Ay = Antn— at4.70

B(Ay = Artn~) = (46+1.24+1.4+0.6)x 107
B(As = AK*r~) = (5.6+£0.8+0.8+0.7) x 10-6
B(Ay — AK*K™) = (15.941.2+1.2+2.0) x 10-6

e Order of uncertainties: + stat. £ syst.+ norm.

No observation of any of the =0 decays

f=
f— x B(Z9 = Artr~) < 1.7 x1076at 90 % CL
f=
f— x B(Z0 = AK—7) < 0.8 x1076at 90% CL
f=

= % B(Z9 - AK*K—) < 0.3x1076at 90% CL
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Ny/Z9 — Anth! LHCb-PAPER-2016-004

CP asymmetries

Fit separately for A, and A, in the AKt7— and AKTK~ samples
Calculate efficiency-corrected yields, N©", using Dalitz plots

corr __ pjcorr
raw _ f

CP = p\jcorr corr
Nf —i—NJ—r

Ay — Nf(— AnT)m~ has the same b-hadron production asymmetry and
similar detection asymmetry, therefore:

AAcp(Ny — NITH' ™) = ABY(Ay — ARTR' ™) — ABY(Ap — AF(—= Art)r™)

AAp(Ay — ANKT7~) = —0.534+0.234+0.11
AAp(Ny — ANKTK™) = —0.28 +0.10 +0.07

Both consistent with zero
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Ap

p — N LHCb-PAPER-2016-002

Introduction

Motivation:

Ay — AKTK~ should contain significant A, — A¢ component

b — sss FCNC transition — penguin loop sensitive to new particles
Of particular interest is non-SM CP violation

e Previously studied in B — ¢K?2,B° — ¢K*® and B? — ¢¢

e Results so far consistent with SM
Measurements with A, — look for direct CP violation

e (P asymmetries
e T-odd observables
This analysis:

e Measure A\, — A¢ branching fraction
o Normalise to B% — ¢K?
e Measure T-odd triple-product asymmetries

o ¢ KTK—,A— pﬂ'_,Kg - ata~
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Ay — Ap LHCb-PAPER-2016-002

Fits to mass distributions for A, — A¢

Components for A, — A¢ signal, non-resonant A, — AKTK—,
A+ random ¢ and pure combinatorial background
m(A¢)
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Ay — Ap LHCb-PAPER-2016-002

Fits to mass distributions for B2 — ¢K?2

Components for B” — ¢K? signal, non-resonant 8% — K"K~ K2,
Kg +random KK~ pair and pure combinatorial background

m(¢K?) m(KTK™) m(rtn)
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Ny — N LHCb-PAPER-2016-002

Branching fraction result

e Ny — A¢ is observed with a significance of 5.90
e Branching fraction calculated as:

. f_d N/\b_>/\¢ EB°—>¢>K2 B(BO — ¢K0) B(Kg — 7T+7T_)

BNy — Np) =
o ¢) Tas Ngo_>¢;<g ENp—AP 2 B(A — pr—)

e Result:

B(Ay — N¢) = (5.18 £1.04 £ 0.35 7938 + 0.44) x 10°°

e Order of uncertainties: £ stat. & syst. &= norm. £ fy/fa,
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Ny — N LHCb-PAPER-2016-002

T-odd observables

¢ 5 angles needed to describe the angular distribution of A, — A¢

B
R S I A
0 o, 0 D, 04
\ T-odd observables:
T K- o cos(Pp)

A e sin(®p)
e cos(dy)
[ sin(cbd,)

>

DOI:10.1016/j.nuclphysbps.2007.08.117
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Ay — Ap LHCb-PAPER-2016-002

T-odd observables results

Datasets split by sign of observables — mass fits to obtain NDi’O

e Dis daughter: A or ¢
e O is observable: cos ®p or sin ®p
e + denotes sign of O

Asymmetries calculated as:

+,0 —,0
0 _ ND _ ND

P NGO 4N, O
e Results:
AS = —-0.22+0.12+0.06
A, = +0.13+0.12+0.05
A; = —-0.01+0.124+0.03
A; = -0.07+£0.12+0.01

All consistent with zero
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B — ppm f LHCb-PAPER-2016-001

Introduction

Motivation:
o Charmless B/ decays proceed via annihilation diagrams
e Probe BSM physics such as charged Higgs
o A(bc — Wt — qu) o VeV Where g = d, s
e Cabibbo suppression — final states with zero strangeness dominate

e In B decays to states containing baryons, often enhancement at threshold
e Poorly understood
This analysis:

e Search for Bf — ppr™

e Normalise to BT — ppr+ -
e Focus on Bf — pprt with m(pp) < 2.85 GeV/c?
e Below ct threshold z i

e Cross-check with B — (J/¢» — pp)n+
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8f — pprt  [FLHCb-PAPER-2016-001

Analysis strategy

Since f is unknown, the measured quantites are:

Noo
) B —pprt EB(

= B" — ppr™
NBJF*)pﬁTr* Ec PP )

p = JEB(B? — ppr*
Ju

Ng: ijp(opp)rt eu B(BT — pprt)

R/ =Tt ppmty = _
b B T = e % BUJE = pD)

fu
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B — ppm f LHCb-PAPER-2016-001

Mass fits: B — ppnt signal

Fits to m(ppr™) with components for B(*C) signal, combinatorial background and

partially reconstructed B(i) — pppt(— 7t 70)

Simultaneous fit to 3 bins in multivariate classifier output for B/ region

F tice 3 5 O LHCb 3
S i 2= 3
3 . ER
3z s E 3 IsE 3
E : l l L l l ; é : z_ _;
E 1 3 o o9 > 4 ~ ® o = E 0.5;— —;
06 6.‘1 6.‘2 6.‘3 6.‘4 6.5 06_ 6.1 6.2 6.3 6.4 6.5
m(ppm) (GeV/c?) m(ppm) (GeV/e?)
m(pp) < 2.85 GeV/c? 2.85 < m(pp) < 3.15 GeV/c?
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B — ppm f LHCb-PAPER-2016-001

Mass fits: normalisation mode

Fits to m(ppr™) with components for B(*C) signal, combinatorial background and

partially reconstructed B(i) — pppt(— 7t 70)

80F
70F
60F
SOE
40
30E
20E
10F

Candidates/(0.008 GeV/cz)

L R 54 - T 54
m(ppr) (GeV/c?) m(ppr) (GeV/c?)
m(pp) < 2.85 GeV/c? 2.85 < m(pp) < 3.15 GeV/c?

NB+_>ppﬂ-+ = 1644 + 83(stat)

A.Morris (Edinburgh) Charmless b decays at LHCb HQL 2016



8f — pprt  [FLHCb-PAPER-2016-001

Upper limits

¢ Profile likelihood ratio scans for S+B and B-only hypotheses
e Signal p-value profiles calculated by dividing S+B by B

1F 1

LHCb

p value
pvaue

101

101 F \

Ry
R, < 2.8 x 1078 (90% CL) ] ‘ R/ < 6.5 x 107 (90%CL) ’
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Summary

Summary

No/Z9 — Nith'—
e Observations of A, — AKTK— and A, — AKT7—

e Branching fractions: (15.9 + 2.6) x 10~® and (5.6 + 1.3) x 10~¢
o (P asymmetries consistent with zero

e Evidence for Ay — AT~ at4.7¢

e New upper limits on Eg — AhTH'~ branching fractions
Ao — N

e Observation of A, — A¢

e Branching fraction: (5.2 +1.3) x 10~°

e T-odd triple product asymmetries consistent with zero
Bf — pprt

e No evidence for this decay — upper limits on J{%B(Bjr — pprt)

Many more analyses in progress with Run | data and soon with Run Il data.
Stay tuned...
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Backup slides (S /=0 S AR €A/

Ay, — NKTh~ Dalitz plots
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Backup slides (S /=0 S AR €A/

No/=9 — AhTH'~ signal yields

Mode Run period Yield
A» =9
downstream long downstream long
2011 10.2+5.5 87+47 —-06+24 49432
Artr™ 2012a 9.1+52 13.6+5.7 53436 1.0+2.6
2012b 17.2+£7.1 6.2+ 4.6 3.94+4.0 41+27
Total 65+ 14 19+38
2011 209+ 6.4 8.2+35 35437 —-07+24
AKT 7™ 2012a 9.3+£37 17+£36 —-01x+17 03+£1.5
2012b 39.7+89 169+5.1 29+45 -184+15
Total 97 £ 14 4+7
2011 32.3+6.4 20.1+t4.6 0.6+2.3 0.0+0.6
AKTK™ 2012a 222453 159442 05+24 0.0+£0.5
2012b 60.5+85 344+6.1 3.0t£27 0.0+0.6
Total 185 £+ 15 4+4
2011 781+9.1 789+09.2
(AW+)AC+ o 2012a 450+7.0 63.0+8.3

2012b  11534+111 90.7+9.38
Total 471 £ 22
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Backup slides (S /=0 S AR €A/

Ao /=) — AhTH'~ systematics

Systematic uncertainties (x10~3)
Fit  Eff. Ph.sp. PID Vetoes N,:.- Total
N — Artr= 84 20 197 04 22 3.5 219

Ao = ANKtn— 1.7 117 - 29 1.3 46 131
Ay — ANKTK= 6.7 5.4 - 42 2.2 159 18.7
=5 At 41 07 7.0 01 - 1.2 8.2
=) 5 Atk 15 0.4 35 01 - 0.7 4.0

=) 5 AKTK— 0.1 0.1 0.8 0.0 - 0.2 0.8
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Backup slides (S /=0 S AR €A/

Ao /= — AhTH~ CP asymmetries

Systematic uncertainties (x10~3)
ANy — Nk ) AAcp(My — AKTK)

Control mode 66 57
PID asymmetry 20 -
Fit model 27 32
Fit bias 14 4
Efficiency uncertainty 80 28
Total 110 71
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Backup slides Ny — A

Ay — Ao efficiencies

Combination of efficiencies for reconstruction, offline selection, trigger
requirements and detector acceptance, ¢'°t, taken from simulation.

Difference in detector-material interaction cross section determined from
simulation

Data-driven corrections applied where necessary

e Hardware-level hadron trigger corrected with calibration samples from
charm decays

e Reconstruction efficiency for long tracks corrected with tag-and-probe
method with J/4 calibration samples

e D% — qug samples used to correct vertexing efficiency
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Backup slides Ap — Ao

Ay — A¢ branching fraction systematics

Source Uncertainty (%)
Mass model 3.0
Simulation sample size 2.2
Tracking efficiency 0.5
Vertex efficiency 2.6
Hardware trigger 2.8
Selection efficiency 4.1
Peaking background 0.1
Total 6.7
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Ny — N¢ T-odd observables

10y

~ = T T ~ T T T
3 T }[ S 167
% 200 LHCb % 14 LHCb
o Lﬁ 12| +
15] 1 10
} Jr : +

= 0\1
—t
Bl
§+
og:
of H-
o —=
e
3 —+—
N D O

s
~ T T T ~ J
o o ]
32 S (@ ]
3 LHCb % 18 LHCb 3
5 ig B 16 ]
w W og 2
14F gl
12 12 i
10 10- E
8 & 3
6 6 E
ind, cosd,
Sin®n, n,

L
NN
gurel
oL —+—
R
——
4++
——
==
—4—
—
1_4}_

A.Morris (Edinburgh) Charmless b decays at LHCb HQL 2016



Backup slides Ap — Ao

Ny — N¢ T-odd observables

Systematic uncertainties

Source AL A5 A A%
Mass model 0.061 0.051 0.026 0.009
Angular acceptance  0.010 0.010 0.010 0.010
Angular resolution  0.008 0.008 0.005 0.005
Total 0.062 0.053 0.028 0.014
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Backup slides Ez' — pﬁ1r+

B — ppm™ mass fits: signal

< <
3 3 } LHCb E
15 4
: "
Simultaneous fit to 3 binsin 3 Bkt B
BDT output for B/ region WO W s
< S 7F
@ 0 T T T T . § ’Z: LHCb i E N3 LHCb
5 ook —signa LHCb 1 o T
2 006F 3 WA N
5 F - Background 2
5 005 2f- 1E
3
<ooaf £, ° 61 62 63 [ 5 61 62 3 64 5
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0.02F G 7 E T
001 3 °F ] LHCb 3 b LHCb
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5 2 L l l l L E E £
E i E '§ osf-
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m(pp) < 2.85 GeV/c? 2.85 < m(pp) < 3.15 GeV/c?

NB?'—)Pf)ﬂ'* =—-27+6.3 (Stat)
NB:rHj/lp(pr)ﬂ-Jr =-0.1+3.0 (stat)
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Backup slides Ez' — pﬁ1r+

B — ppr™ efficiencies

Detector acceptance efficiency, €3, taken from simulation.
Selection efficiency, €%

e Acceptance maps in the m?(pp) vs m?(pr) plane

Account for reconstruction, triggers, preselection, BDT, PID

AllL but PID calculated from simulation

PID part calculated using calibration samples from charm decays
Use s-weights to calculate average £%¢ for B+

No B signal — simple average over phase space region — large systematic
Ratio 3¢ /&%t corrected for differences in data and simulation

6sel 5sel
SU 2495 +£0.028 4 .513 40,032
€e 65/1/)75&
acc
S _ 11954 0.007 2

=1.186 £ 0.007

acc J /4 ,acc
e 6C/ P
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B — ppr™ efficiencies
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Backup slides Ez' — pﬁ1r+

B — ppm™ systematics

Relative systematic uncertainties on ¢, /e, and input Bs

Source m(pp) < 2.85 GeV/c2  Bf — J/i(— pp)nt

PID 3.0% 3.0%

B/ lifetime 20% 20%

Simulation 0.8% 0.9%

Detector acceptance 0.6 % 0.6%

BDT shape 1.5% 1.5%

Hardware trigger correction 0.8% 0.9%

Fiducial cut 0.1% 0.1%
Modelling 15% -

B(BT — ppr™) 15% 15%

B(J/v — pp) - 1.4 %

PID uncertainty dominated by proton calibration sample size
B/ lifetime = 0.507 + 0.009 ps

“Modelling”: variation in efficiency over phase space

B(B* — ppr™) = (1.07 £0.16) x 10~°

e B(J/1 — pp) = (2.120 + 0.029) x 103
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