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Physics program (AMBER LoI)
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Timeline

● A Letter of Intent was made public in August 2018 and submitted to the SPSC in 
January 2019.  

● Scientific Proposal for Phase-I, using conventional muon and hadron beams, 
submitted on 31/05/2019

COMPASS++/AMBER Proposal SPSC-P-360

● A Proposal for Phase-II shall follow – we aim at some input from this theory initiative

https://arxiv.org/pdf/1808.00848.pdf
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Emergence of hadron mass
The motto for a broad QCD-related physics programme

Pions and kaons

● Structure: parton distributions
● Rigidity: polarizabilities
● Resonant behavior: spectroscopy
● ...

vs protons

Much better know, but still:

● Charge radius
● Polarized (TMD) PDFs
● ...

A discussion on the importance of the 
‘Emergence of hadron mass’ topic, from a 
theory point of view, will be given by C. Roberts, 
and many of you, just after this talk... 
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Hadron Structure

JAM: P.C.Barry et al, Phys.Rev.Lett. 121 (2018) 152001 
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Experimental contributions to the pion PDFs
● GRV and SMRS sets use data from Drell-Yan and 

prompt photon production experiments: NA10, 
E615, NA24 and WA70.

● JAM additionally uses leading neutron DIS data 
from HERA (ZEUS and H1). 

COMPASS collected π⁻-induced Drell-Yan 
data in 2015 and 2018.

● π  beam 190 GeV/c on (NH⁻
3
+⁴He) target, Al and W targets.

● Sample from ammonia 
 
is 2-3 times larger than E615 

● Expect DY differential cross-section results soon.

         Contribution to the pion valence
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AMBER 1st phase: pion PDFs

Drell-Yan process (dimuon channel):
●  π  and ⁺ π  beams of 190 GeV/c⁻
● Isoscalar target: carbon
● Nuclear target: tungsten
● Better mass & vertex resolution, 

thanks to a new vertex telescope

The phase-space of the measurement on C 
target shall be similar to the one of COMPASS
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Pion sea-valence separation @ AMBER

(Statistics expected in 2 years data-taking, time sharing of 1:3 between π :⁻ π  beams)⁺
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AMBER 1st ,2nd phase: charmonium measurements
● Large sample of J/ψ and ψ(2S) collected in parallel 

to DY
● 2 main production mechanisms:

 gg→ g J/ψ and qq → J/ψ
● Model dependent separation of these 2 

contributions, via

                                   alternative access to u-valence in K⁻

● Simultaneous analysis of polarization and x F 

dependence

 
Expect 1.2 M J/ψ events with π⁺ beam, and 1.8 M 
with π  beam, in 2 years of data taking⁻
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AMBER 2nd phase: kaon structure
● Radio-frequency separation would allow much higher intensity 

kaon/antiproton beams

A unique opportunity 

The strange-quark larger mass 
leads to similar strenghts of the 
Higgs mechanism and the 
spontaneous symmetry 
breaking mechanism in giving 
mass to the kaon.

Study kaon structure via 3 different processes:
● Drell-Yan
● Prompt photons
● Charmonia
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Kaon-induced DY @ AMBER
● Kaon beams of both charges, momenta ~60 – 120 GeV/c
● Carbon target
● Open spectrometer, new detectors giving access to e e⁺ ⁻

(Statistics expected in 2 years data-taking, equal time sharing K :K )⁺ ⁻
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Kaon structure: sea and valence

E
beam

=100 GeV

●

●

– DSE calculation @ Q² = 26.4 GeV²
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Kaon-induced prompt-photon production

Access to the gluon 
distribution in the kaon

(under the assumption g
K
(x,Q²) = g

π
(x,Q²) )

p
T
> 1 GeV/c requirement, to keep the  

background from π  and ⁰ η-meson decays 
(minimum bias photons) under control.
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Prompt-photons measurement
● K  (K ) beam of 100 GeV/c on a long liquid H⁺ ⁻ 2 target

● In 1 year of data taking, collect a factor 15 more statistics than WA70

ECal0
ECal1
ECal2
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Resonant and dynamical properties of hadrons
QCD allows for color-neutral 
meson-like states in addition to |qq>

A quest for exotic forms of matter:

From COMPASS to AMBER

To be continued...

Understanding the strange-meson 
sector is a crucial step in light meson 
spectroscopy
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Kaon spectroscopy
From the 25 kaon states below 3.1 
GeV/c2 referred in the PDG 2018, only 
12 appear in the summary table, other 
13 still need confirmation.
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Kaon-induced Primakoff reactions

K  Z → K  ⁻ ⁻ γ Z
● Polarisability: the rigidity of the meson system under an external 

electromagnetic field
● The kaon is more compact and rigid than the pion – expect lower 

polarisability
● χPT predictions

 available 
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Other topics

● Using muon beam, first priority in AMBER 1st phase: measurement of 
the proton charge radius, from muon-proton elastic scattering;

● Measurement of the antiproton production cross-section, using a 
proton beam with energies 50-280 GeV on a ⁴He target → important 
input for Dark Matter searches;

● The high-intensity antiproton beam will be used to study p-induced 
Drell-Yan with transversely polarized target → TMD PDFs

● ...
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SPARESSPARES
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Nuclear effects studied from Drell-Yan
● Multiple scattering of incoming quark when 

crossing large target nuclei

Energy Loss

● Using both beam charges one can tag flavour.

EMC effect flavour dependence
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Proton radius measurement
The proton charge radius remains a puzzle, since 2 experimental methods lead 
to different answers:

● Elastic lepton-nucleon scattering sees large radius
● Laser spectroscopy sees smaller radius

AMBER: muon-proton elastic scattering, 160 GeV/c 
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