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Flavour



CP violation in charm

CPV in kaons and B mesons well established.

SM predicts small (10−4 ∼ 10−3) CPV in charm
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CP violation in charm

∆ACP = ACP(K+K−)− ACP(π+π−)

Tag initial flavour from:

• prompt strong decays (D∗+ → D0π+)

• displaced weak B decays (B
0 → D0µ−X )

Run 1 + Run 2 LHCb data:

∆ACP = (−15.4± 2.9)× 10−4

(5.3σ from 0)

[PRL 122 (2019) 211803]
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CKM angle γ combination

2σ tension between B+ and Bs results

2σ tension between direct measurements and

unitarity triangle constraints

(New) LHCb measurement with B0 → D0K∗0

of parameter rDK∗0

B

[JHEP 08 (2019) 041]
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Bs mixing phase φs

ATLAS Bs → J/ψφ (100 fb−1)

• φs = −0.076± 0.039

• ∆Γs = 0.068± 0.005

[ATLAS-CONF-2019-009]

LHCb Bs → J/ψK+K− & J/ψπ+π− (5 fb−1)

• φs = −0.041± 0.025

• ∆Γs = 0.082± 0.005

[arXiv:1906.08356 and arxiv:1903.05530]
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Hadron spectroscopy



Excited Λb states

(New)

Two new resonances in Λbπ
+π− spectrum

• Λb(6152) decays via intermediate Σ
(∗)
b

• Λb(6146) decays via Σb suppressed

Masses and mass-splitting in agreement with

expectation for Λb(1D) doublet

[PRL 123 (2019) 152001]
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Pentaquarks

Update to 2015 Λb → J/ψpK− analysis with

full Run 2 statistics

• New peak at 4312 MeV

• Broad peak at 4450 MeV resolves two two

narrow peaks at 4440 and 4457 MeV

Observed states are narrow and close to

Σ+
c D

(∗)0 thresholds

[PRL 122 (2019) 222001]
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Neutrinos



T2K δCP and oscillation results Slides nicked from summary by Francesca Di Lodovico
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T2K δCP and oscillation results Slides nicked from summary by Francesca Di Lodovico
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NOνA oscillation results Slides nicked from summary by Francesca Di Lodovico
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NOνA oscillation results Slides nicked from summary by Francesca Di Lodovico
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PMNS angle θ13 Slide nicked from summary by Gioacchino Ranucci

Double Chooz Daya Bay RENO

sin2(2θ13) = 0.105± 0.014 0.0856± 0.0029 0.0896± 0.0068

∆m2
32 =

(2.471+0.068
−0.070)× 10−3eV2 (NO)

−(2.575+0.068
−0.070)× 10−3eV2 (IO)

|∆m2
ee | =

(2.68± 0.14)× 10−3eV2

[arxiv:1901.09445] [PRL 121 (2018) 241805] [PRL 121 (2018) 201801]
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Standard Model



Electroweak diboson scattering

(New) ALTAS: observation of EW ZZ + jj

Obs (exp) signifiance: 5.5σ (4.3σ)

[ATLAS-CONF-2019-033]

(New) CMS: evidence for EW Zγ + jj

Obs (exp) signifiance: 3.9σ (5.2σ)

Comb. with 8 TeV data: 4.7σ (5.5σ)

[CMS-PAS-SMP-18-007]

14



Top quark

(New) CMS: mass with boosted top quarks

Highly boosted top quarks: pT > 400 GeV

mt = 172.56± 2.47 GeV

Uncertainty similar to threshold production

[CMS-PAS-TOP-19-005]

(New) ATLAS: charge asymmetry

AC ≡
N(∆|y | > 0)− N(∆|y | < 0)

N(∆|y | > 0) + N(∆|y | < 0)

AC = (6.0± 1.1± 1.0)× 10−3

4σ from zero: first evidence at LHC

[ATLAS-CONF-2019-026]
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Higgs



Higgs → 2nd generation searches

(New) ALTAS H → µ+µ− search

[CONF-HIGG-2019-028]

(New) CMS H → cc search

[CMS-PAS-HIG-18-031]
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‘Discovery’ channels with full Run 2 statistics

H → ZZ → 4`

(New)[CONF-HIGG-2019-025]

[CMS-PAS-19-001]

> 200 events per experiment

H → γγ

[CONF-HIGG-2019-029]

(New)[CONF-HIGG-2019-032] [PLB 792 (2019) 369] 17



Differential cross sections Slide nicked from Roberto Salerno’s summary talk

Measure a large number of distributions (pγγT , p4`T , |Yγγ |, |Y4`|, Njets, p
jet1
T mjj , ∆ϕjj ....) and

compare with predictions.

Allow constraints on Wilson coefficients of an effective Lagrangian and couplings which aren’t

directly accessible (e.g. charm–Higgs)

[CONF-HIGG-2019-029] [CMS-PAS-HIG-19-001] 18



Dark matter



Dark matter

Conventional QCD axions lie on ‘yellow band’

and ALPs outside this band.

Slide nicked from summary by Igor Garcia Irastorza

Recent ‘model building’ activity leads to QCD

axions outside the band, usually at higher gαγ

Neutrino floor is ‘soft’ like a swamp...

Slide nicked from summary by Carlos de los Heros
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Astroparticle physics



Astroparticle physics

Slide nicked from summary by Elisa Bernardini

Potential for identifying point sources of

high-energy neutrinos, perhaps from Dark

Matter annihilation

AMS-2 positron excess still unexplained, could

be Dark Matter

[PRL 122 (2019) 041102]
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Gravitational waves as probes of QCD

Slide nicked from summary by Patricia Schmidt
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“Flavour”



Photo credit: Christiam Ohm
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