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• Selected Recent Physics Results
• Upgrade I Installation
• Upgrade II Preparation



Selected Physics Results
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• LHCb was originally designed for matter antimatter asymmetry 
measurements  (CP Violation) and studying rare decays 
– of course it has achieved much more
– Heavy ions, fixed target programme, QCD, Electroweak, 

long-lived particles… 
• Report on recent highlights from the core programme and beyond

More than 50 hadrons discovered 

Oscillations: Bs and D0

Rare decays: b→sl+l- anomalies 
Chris Parkes,  LHCb Highlights



LHC > 50 Hadrons Discovered
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• Observation of two ccus tetraquarks and 
two cdus tetraquarks, open strangeness
– Zcs(4000)+, Zcs(4220)+, X0(2900), X1(2900)

• For the 50th anniversary 
of hadron colliders the 
LHC has now 
discovered more than 
50 hadrons !

• 52 discovered by LHCb

LHCb-PAPER-2020-044

LHCb-Figure-2021-001

Chris Parkes,  LHCb Highlights

LHCb-PAPER-2020-024/25



“New Wave” of Exotic Hadrons
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• Many exotic hadrons (four, five quark states) discovered in recent years
– Some of the highest cited papers in LHCb & particle physics
– Compact & molecular interpretations
– Clarity starting to emerge ? 

• Formation of multiplets
Maiani, Polosa, Riquer
arXiv:2103.08331

LHC Exotic Hadrons
15 at LHCb,1 at CMS

Patrick Koppenburg

Results in:
Elisabetta Norella
Thursday 14:33
Jibo He, Thursday 13:36

Chris Parkes,  LHCb Highlights



Ωc Lifetime : !"#(%&'), *"#(%+'), *",(&+') and -",(++')
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• Ground-state baryons weakly decaying
• Lifetime hierarchy long thought:
.(-",) < . *", < . !"# < . *"#

• LHCb results in production from b 
decays challenged this

• New results using promptly produced 
baryons improve measurements & 
confirm new hierarchy
/ 012 < / 41# < / 512 < / 01#

512 lifetime nearly four times larger than PDG (2018) 

LHCb-PAPER-2021-021
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Chris Parkes,  LHCb Highlights

Jibo He, Thursday 13:36



Bs Oscillations
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• Bs→Ds
-π+

• Rate of oscillations 
controlled by mass 
difference between 
eigenstates

• Precision: 3 x 10-4, 
Run 2 Legacy Δms

LHCb-PAPER-2020-030 LHCb-PAPER-2021-005

CERN LHC Seminar 
10:30 CEST 8th June

Alessandro Bertolin, Wednesday 15:48

Chris Parkes,  LHCb Highlights



D0 Oscillations
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• “Golden Channel”: D0→Ksπ
+π-

• Analyse decay time evolution of Dalitz plot

• Divide Dalitz plane into bins of similar strong phase

• Ratios utilising symmetry of Dalitz plot reduce efficiency dependence
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Figure 1: Distribution of �m for the selected candidates.

requirement is satisfied or not.90

O✏ine, a kinematic fit constrains the tracks according to the decay topology, the91

K

0

S

meson to its known value [1], and the D

⇤+ candidate to originate from a primary92

vertex [13]. In the reconstruction of the Dalitz-plot coordinates, an additional constraint of93

the D0 meson mass to its known values is introduced. Further selection criteria are placed94

on the momenta, vertex and track displacements, particle-identification information, and95

invariant masses. Charm mesons originating from the decays of b hadrons (secondary96

decays) are suppressed by requiring that the D

0 and soft pion candidates point back to97

one of the proton-proton interactions (the primary vertex). Candidates are rejected if98

two of the reconstructed tracks use the same hits in the vertex locator. About 6% of99

the candidates are from collision events in which multiple candidates are reconstructed,100

usually by pairing the same D0 candidate with di↵erent soft pions. When this occurs, one101

is chosen randomly to keep and the rest removed from the sample.102

Signal yields are determined by fitting the distribution of the mass di↵erence of103

the D

⇤+ and D

0 candidates, denoted as �m. The signal probability distribution func-104

tion is empirically described by a combination of a Johnson S

U

distribution [14] and105

two Gaussian functions, one of which shares a mean with the Johnson S

U

. The back-106

ground is dominated by real D0 decays incorrectly combined with a charged particle107

not associated with a D

⇤+ decay, and is modeled with a smooth phase-space-like model:108

✓(�m��m

0

)e�c(�m��m0)((�m��m

0

)↵, with ✓(x) being the Heaviside step function.109

The parameter �m

0

is set to the known value of the charged pion mass [1]. Figure 1110

shows the �m distribution of the entire sample, from which the fit identifies 30.6⇥ 106111

signal decays.112

To determine the yields used to form the ratios R±
bj

, separate fits are performed for each113

set of Dalitz and decay time bin pairs bj. The signal model assumes the same parameters114

for each pair of positive and negative Dalitz-plot bins, and fixes some parameters from a115

fit integrated over decay time. Fits are performed independently for D0 and D

0 mesons,116

as well as for each of the four subsamples of the data. The measured signal yields are117

then corrected for two e↵ects which do not cancel in the ratio: experimentally-induced118

correlations between the phase space and decay time, and charge detection asymmetries.119

3

31 
million
events

LHCb-PAPER-2021-009
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Serena Maccolini, Wednesday 15:30

Chris Parkes,  LHCb Highlights

Strong phases –CLEO, BES



Observation of Mass Difference in D Eigenstates
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• First Observation (7σ) of mass difference between D1,D2 eigenstates
• CERN LHC Seminar 10:30 CEST 8th June

LHCb-PAPER-2021-009
• x= (m1-m2) / Γ
• y= (Γ1-Γ2)/2Γ
• CPV: q/p and ϕ

preliminary preliminary

Ne
w

Chris Parkes,  LHCb Highlights
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b→sl+l- : an extensive programme

• b→sl+l- processes generated a lot of #CautiousExcitement recently
• For us it has become a notable part of our programme over the last 

decade (first two papers in 2011, six already this year)
– Ratios, Angular asymmetries, Branching Fractions, LFV Searches

FCNC decay powerful 
probe for New Physics

Ne
w

Chris Parkes,  LHCb Highlights



b→sl+l- : RK & Bs→μ+μ-
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• Full LHCb data set, theoretically clean observables

Fig. 2. The fit is of good quality and the value of RK is measured to be

RK(1.1 < q2 < 6.0GeV2/c4) = 0.846 +0.042
� 0.039

+0.013
� 0.012 ,

where the first uncertainty is statistical and the second systematic. Combining the
uncertainties gives RK = 0.846 +0.044

� 0.041. This is the most precise measurement to date and is
consistent with the SM expectation, 1.00± 0.01 [3–7], at the level of 0.10% (3.1 standard
deviations), giving evidence for the violation of lepton universality in these decays. The
value of RK is found to be consistent in subsets of the data divided on the basis of
data-taking period, selection category and magnet polarity (see Methods). The profile-
likelihood is given in Methods. A comparison with previous measurements is shown in
Fig. 4.

The 3850±70 B+! K+µ+µ� decay candidates that are observed are used to compute
the B+! K+µ+µ� branching fraction as a function of q2. The results are consistent
between the di↵erent data-taking periods and with previous LHCb measurements [33].
The B+! K+e+e� branching fraction is determined by combining the value of RK with
the value of dB(B+! K+µ+µ�)/dq2 in the region (1.1 < q2 < 6.0GeV2/c4) [33], taking
into account correlated systematic uncertainties. This gives

dB(B+! K+e+e�)

dq2
(1.1 < q2 < 6.0GeV2/c4) = (28.6 +1.5

� 1.4 ± 1.3)⇥ 10�9 c4/GeV2 .

The limited knowledge of the B+! J/ K+ branching fraction [2] gives rise to the dominant
systematic uncertainty. This is the most precise measurement of this quantity to date
and, given the large theoretical uncertainty on the predictions [7, 112], is consistent with
the SM.

A breaking of lepton universality would require an extension of the gauge structure of
the SM that gives rise to the known fundamental forces. It would therefore constitute a
significant evolution in our understanding and would challenge an inference based on a
wealth of experimental data in other processes. Confirmation of any beyond the SM e↵ect
will clearly require independent evidence from a wide range of sources.

Measurements of other RH observables with the full LHCb data set will provide further
information on the quark-level processes measured. In addition to a↵ecting the decay rates,
new physics can also alter how the decay products are distributed in phase space. An
angular analysis of the electron mode, where SM-like behaviour might be expected in the
light of the present results and those from b! sµ+µ� decays, would allow the formation
of ratios between observable quantities other than branching fractions, enabling further
precise tests of lepton universality [13, 15, 27,115,116]. The hierarchical e↵ect needed to
explain the existing b! s`+`� and b! c`+⌫` data, with the largest e↵ects observed in tau
modes, then muon modes, and little or no e↵ects in electron modes, suggests that studies
of b! s⌧+⌧� transitions are also of great interest [117,118]. There are excellent prospects
for all of the above and further measurements with the much larger samples that will be
collected with the upgraded LHCb detector from 2022 and, in the longer term, with the
LHCb Upgrade II [119]. Other experiments should also be able to determine RH ratios,
with the Belle II experiment in particular expected to have competitive sensitivity [120].

In summary, in the dilepton mass-squared region 1.1 < q2 < 6.0GeV2/c4, the ratio
of branching fractions for B+! K+µ+µ� and B+! K+e+e� decays is measured to be
RK = 0.846 +0.044

� 0.041. This is the most precise measurement of this ratio to date and
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The correlation between the B0! µ+µ� and B0

s

! µ+µ�� branching fractions is �23%,183

while the correlations with B0

s

! µ+µ� are below 10%. The mass distribution of the184

B0

(s)

! µ+µ� candidates with BDT > 0.5 is shown in Fig. 1, together with the fit result.185

An excess of B0

s

! µ+µ� candidates with respect to the expectation from background186

is observed with a significance of 10 standard deviations (�), while the significance of the187

B0! µ+µ� signal is 1.7 �, as determined using Wilks’ theorem [45] from the di↵erence188

in likelihood between fits with and without the specific signal component.189

Since the B0! µ+µ� and B0

s

! µ+µ�� signals are not significant, an upper limit on190

each branching fractions is set using the CL
s

method [46] with a profile likelihood ratio as191

a one-sided test statistic [47]. The likelihoods are computed with the nuisance parameters192

Gaussian-constrained to their nominal values. The test statistic is then evaluated on193

an ensemble of pseudo-experiments where the nuisance parameters are floated according194

to their uncertainties. The resulting upper limit on B(B0 ! µ+µ�) is 2.6⇥ 10�10 at195

95% CL, obtained without constraining the B0

s

! µ+µ�� yield. Similarly, the upper limit196

on B(B0

s

! µ+µ��)
mµµ>4.9GeV/c

2 is evaluated to be 2.0⇥ 10�9 at 95% CL.197

The e�ciency of B0

s

! µ+µ� decays depends on the lifetime, introducing a model-198

dependence in the measured time-integrated branching fraction. In the fit the SM value199

for ⌧
µ

+
µ

� is assumed, corresponding to Aµµ

��s
= 1. The model dependence is evaluated200
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EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH (CERN)

CERN-EP-2021-xxx
LHCb-PAPER-2021-007

March 3, 2021

Improved measurement of
B0

(s)! µ+µ� decays

The LHCb collaboration†

Abstract

An improved measurement of the rare decay B

0

s

! µ

+

µ

� and searches for the
decays B0! µ

+

µ

� and B

0

s

! µ

+

µ

�
� are performed at the LHCb experiment using

data collected in pp collisions at
p
s = 7TeV, 8TeV and 13TeV, corresponding

to integrated luminosities of 1.0 fb�1, 2.0 fb�1 and 5.7 fb�1, respectively. The
branching fraction B(B0

s

! µ

+

µ

�) =
�
3.09+0.46+0.15

� 0.43� 0.11

�
⇥ 10�9 and the e↵ective

lifetime ⌧(B0

s

! µ

+

µ

�) = 2.07 ± 0.29 ± 0.03 ps are measured, where the first
uncertainty is statistical and the second one systematic. No significant signal
for B

0 ! µ

+

µ

� and B

0

s

! µ

+

µ

�
� events is found and the upper limits B(B0 !

µ

+

µ

�) < 2.6⇥10�10 and B(B0

s

! µ

+

µ

�
�)

mµµ>4.9GeV/c

2 < 2.0⇥10�9 at the 95% CL
are determined. All results are in agreement with the Standard Model expectations.

To be submitted to Phys. Rev. Lett.

© CERN on behalf of the LHCb collaboration, licence CC-BY-4.0.

†Authors are listed at the end of this paper.

LHCb-PAPER-2021-007/008
LHCb-PAPER-2021-004

RK 66 citations, 

effective field theory Wilson coefficient fits

preliminary

3.1 σ

Jacco De Vries, Tuesday 15:27

Chris Parkes,  LHCb Highlights

Yanting Fan, Tuesday at 14:51



b→sl+l- : Bs→ϕμ+μ- Branching Fraction 
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• Full LHCb data set
• Tension with respect to 

SM prediction:
– 3.6 σ LCSR+Lattice

• 1.8 σ LCSR only
• Again, lack of muons

LHCb-PAPER-2021-014

Table 1: Di↵erential dB(B0

s

! �µ+µ�)/dq2 branching fraction, both relative to the normalization
mode and absolute, in bins of q2. The uncertainties are, in order, statistical, systematic, and
due to the uncertainty on the branching fraction of the normalization mode.

q2 bin [GeV2/c4] dB(B0
s!�µ

+
µ

�
)

B(B0
s!J/ �)dq

2 [⇥10�5GeV�2c4] dB(B0
s!�µ

+
µ

�
)

dq

2 [⇥10�8GeV�2c4]

0.1–0.98 7.61± 0.52± 0.12 7.74± 0.53± 0.12± 0.37

1.1–2.5 3.09± 0.29± 0.07 3.15± 0.29± 0.07± 0.15

2.5–4.0 2.30± 0.25± 0.05 2.34± 0.26± 0.05± 0.11

4.0–6.0 3.05± 0.24± 0.06 3.11± 0.24± 0.06± 0.15

6.0–8.0 3.10± 0.23± 0.06 3.15± 0.24± 0.06± 0.15

11.0–12.5 4.69± 0.30± 0.07 4.78± 0.30± 0.08± 0.23

15.0–17.0 5.15± 0.28± 0.10 5.25± 0.29± 0.10± 0.25

17.0–19.0 4.12± 0.29± 0.12 4.19± 0.29± 0.12± 0.20

1.1–6.0 2.83± 0.15± 0.05 2.88± 0.15± 0.05± 0.14

15.0–19.0 4.55± 0.20± 0.11 4.63± 0.20± 0.11± 0.22
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Figure 2: Di↵erential branching fraction dB(B0

s

! �µ+µ�)/dq2, overlaid with SM predictions
using Light Cone Sum Rules [32, 34, 35] at low q2 and Lattice calculations [36, 37] at high q2.
The results from the LHCb Run 1 analysis [1, 30] are shown with gray markers.

relative to the B0

s

! J/ � normalization mode, according to120

B(B0

s

! f 0
2

µ+µ�)

B(B0

s

! J/ �)
= B(J/ ! µ+µ�)⇥ B(�! K+K�)

B(f 0
2

! K+K�)
⇥

N
f

0
2µ

+
µ

�

N
J/ �

⇥
✏
J/ �

✏
f

0
2µ

+
µ

�
, (2)

where the branching fraction ratio B(�! K+K�)/B(f 0
2

! K+K�) = 1.123± 0.030 [26] is121

used. To separate the f 0
2

signal from S- and P-wave contributions to the wide m(K+K�)122

mass window, a two-dimensional fit to the m(K+K�µ+µ�) and m(K+K�) distributions123

is performed. The B0

s

! f 0
2

µ+µ� signal decay is modeled in m(K+K�µ+µ�) using the124

sum of two Gaussian functions with a power-law tail towards upper and lower mass and in125

m(K+K�) using a relativistic spin-2 Breit–Wigner function. The model parameters are126
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Figure 1: Reconstructed invariant mass of the K+K�µ+µ� system for (left) the B0

s

! J/ �
normalization mode and (right) the B0

s

! �µ+µ� signal decay, integrated over q2 and overlaid
with the fitted PDF.

the simultaneous fit. Figure 1 (right) shows the m(K+K�µ+µ�) distribution of the full92

data sample, integrated over q2 and overlaid with the fitted PDF.93

The relative branching fraction measurement is a↵ected by systematic uncertainties94

on the fit model and the e�ciency ratio, which is determined using corrected simulation.95

A summary of the systematic uncertainties is provided in Table 2 in the supplemental96

material. The dominant systematic uncertainty originates from the model used to simulate97

B0

s

! �µ+µ� events. The model depends on ��
s

, the decay width di↵erence in the B0

s

98

system [31], and the specific form factors used. The e↵ect of the model-choice on the99

relative e�ciency is assessed by varying ��
s

and by comparing the form factors in Ref. [32]100

with the older calculations in Ref. [33]. The observed di↵erences are taken as a systematic101

uncertainty.102

The resulting relative and total branching fractions are given in Table 1. In addition,103

the di↵erential branching fraction is shown in Fig. 2, overlaid with SM predictions based104

on form factor calculations using Light Cone Sum Rules (LCSRs) [32, 34, 35] at low105

q2 and Lattice QCD (LQCD) [36, 37] at high q2. In the q2 region between 1.1 and106

6.0GeV2/c4, the measured branching fraction lies 3.6 � below a precise SM prediction of107

(5.37± 0.66)⇥ 10�8GeV�2c4 which uses both LCSR and LQCD calculations [32,34–37].108

A less precise SM prediction of (4.77± 1.01)⇥ 10�8GeV�2c4 based on LCSRs [32, 34,35]109

alone lies 1.8 � above the measurement. To determine the total branching fraction, the110

branching fractions of the individual q2 bins are summed and corrected for the vetoed q2111

regions using ✏
q

2
veto

= (65.47± 0.27)%. This e�ciency is determined using SM simulation,112

and its uncertainty originates from the comparison of form factors from Ref. [32] and113

Ref. [33]. The resulting branching fractions are114

B(B0

s

! �µ+µ�)

B(B0

s

! J/ �)
= (8.00± 0.21± 0.16± 0.03)⇥ 10�4 ,

B(B0

s

! �µ+µ�) = (8.14± 0.21± 0.16± 0.03± 0.39)⇥ 10�7,

where the uncertainties are, in order, statistical, systematic, from the extrapolation to the115

full q2 region, and for the absolute branching fraction, from the branching fraction of the116

normalization mode.117

The B0

s

! f 0
2

µ+µ� decay is searched for using the combined q2 region [0.1, 0.98] [118

[1.1, 8.0] [ [11.0, 12.5]GeV2/c4. The branching fraction of the signal decay is determined119

3

~2000 events
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Yanting Fan, Tuesday at 14:51



b→sl+l- : Bs→ϕμ+μ- Angular Analysis

12
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w

• Full LHCb data set Yanting Fan, Tuesday at 14:51

LHCb-PAPER-2021-022

• FL somewhat below SM at low q2

– Same pattern as B+→K*+μ+μ- & B0 →K*0μ+μ-

– Effective field theory Wilson coefficient best Re(C9) fit 1.9σ over SM
• P5’ is CP-average and not accessible here as mode not self tagged 

Bs→ ϕμ+μ-

B+→ K*+μ+μ-

LHCb-PAPER-2020-041 LHCb-PAPER-2020-002

B0→ K*0μ+μ-

Chris Parkes,  LHCb Highlights



b→sl+l- : Bs→ϕμ+μ- Angular Analysis
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• Full LHCb data set Yanting Fan, Tuesday at 14:51

LHCb-PAPER-2021-022

• FL somewhat below SM at low q2

– Same pattern as B+→K*+μ+μ- & B0 →K*0μ+μ-

– Effective field theory Wilson coefficient best Re(C9) fit 1.9σ over SM
• P5’ is CP-average and not accessible here as mode not self tagged 

Bs→ ϕμ+μ- B+→ K*+μ+μ-

LHCb-PAPER-2020-041 LHCb-PAPER-2020-002

B0→ K*0μ+μ-

Chris Parkes,  LHCb Highlights



Upgrade I: Reminder
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• All sub-detectors read out at 40 MHz for a fully software trigger
with new data centre

• Pixel detector VELO with silicon microchannel cooling 5mm from LHC beam
• New RICH mechanics, optics and photodetectors
• New silicon strip upstream tracker UT detector
• New SciFi tracker with 11,000 km of scintillating fibres
• New electronics for muon and calorimeter systems

Major project
being installed 
currently for 

operation in Run 3

Tomasz Szumlak, 
Wednesday 17:42



LHCb Upgrade I: Tracking [VELO, UT, SciFi]

15

VELO
VELO Modules: first half 
completed 
Half Assembly: expected 
to start soon
Travel & quarantine 
delays to problem solving 
and components

UT
Modules: main type production nearly 
complete
Mounting to start mid-July
Travel restrictions & issues delayed 
mounting

SciFi
Four (of 12) assembled 
frames & cable chains 
installed
Travel of significant part of 
team resumed despite 
restrictions

VELO module 

UT stave

SciFi Assembly

Chris Parkes,  LHCb Highlights



LHCb Upgrade I: Particle Identification [RICH, CALO, Muons]
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RICH: commisioning

RICH1 Enclosure 
installed and leak tested
RICH2 Photodetector 
arrays installed, first new 
sensors
Key expert travel allowed 
& excellent progress

CALO: commissioning started

Front-end board installation in progress
Issues at production companies 
resolved
Muons: commissioning

All electronic boards installed
Commissioning progressing well
Excellent progress made

RICH2  
photodetector
array

RICH1 gas 
enclosure
installed

CALO Control 
Units test

Muon commissioning

Chris Parkes,  LHCb Highlights



LHCb Upgrade I: Computing, Online & Trigger
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• Installation of Event builder PC servers &
their FPGA DAQ cards completed

• Event builder network >100 Tbit/s (200xRun2) achieved
• Commissioning of Muon, RICH, CALO underway

• Event reconstruction in trigger 
achieved in single GPU card

• Full reconstruction in trigger 
achieved CPU event rate 
requirement

Chris Parkes,  LHCb Highlights

GPU

CPU

Turbo- Persistence
of physics candidates



LHCb Upgrade II : Framework TDR
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• Fully exploit LHC facility for flavour physics 
& beyond, for LS4
– Expression of interest (2017), Physics Case (2018)
– Strong support in European Strategy (2020)

• Framework Technical Design Report
– Options to achieve physics programme
– Drafting in progress, for delivery later this year
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Chris Parkes,  LHCb Highlights
Technology synergy with future projects



Summary
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• New results include:
– Mass difference in D eigenstates, further tensions with SM in b →sl+l- processes  

• Significant progress made on Upgrade I, schedule tension remains
– Advanced production→ installation→commissioning

• Upgrade II Framework TDR in drafting phase

Upgrade I installation 
& commissioning 

Chris Parkes,  LHCb Highlights



Backup
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Collaboration
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• Exceeded 1000 authors
– 1009 authors, 1482 members

• 88 institutes, 19 countries

Growing Collaboration 
Ambitious future upgrade plans with  strong synergies with future 
collider projects
Extensive physics programme beyond flavour



LHCb-PAPER-2021-007

LHCb Recent Results: Key Legacy Measurement 
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• Results with full data set
• Best single expt measurement

– A key process to constrain new physics, for example extended Higgs sectors
– ….and including models related to the next slide…
– First constraints on Bs

Bs → μ+μ-

New measurement fs/fd
provides important input
LHCb-PAPER-2020-046



LHCb Recent Results – Lepton Flavour Universality
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• Standard Model predicts identical 
electroweak couplings of e,μ
– Intriguing hints from LHCb in recent years at 

2.1-2.5σ level of deviations from SM in b→sl+l-

ratios, also in angular distributions and 
branching fractions.

LHCb-PAPER-2021-004

• 3.1σ deviation from Standard Model
– Additional measurements with existing data set 

will provide further information, then data from the 
current major LHCb Upgrade for Run 3

Rare B decay process:
B→Kμ+μ-, B→Ke+e-, 

Count and compare, 
expect same 
numbers of decays 



Operation: Computing

• Simulation
• Fast Simulation
• MC reconstruction
• User jobs

• Extensive use of fast simulation techniques has increased the 
number of events produced by a factor of four with only a 30% 
increase in CPU resources 



Schedule
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Effective Field Theory in Heavy Flavour
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• EFTs used to describe new physics, b→sll

• Integrate out heavy d.o.f., WET

• Wilson Coefficient – coupling of short 

distance interaction associated with operator

• Left handed quark currents C9,C10

• Right handed quark currents C9’,C10’

Altmannshofer & Stangl, arXiv:2103.13370

Bs0àµ+µ-

PullSM 
C9

NP=-0.80           : 5.7σ 
C9

NP=-C10
NP=-0.41: 5.9σ

RK
(*
)


