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COMPASS→AMBER
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Apparatus for Meson and Baryon 
Experimental Research 

— a new QCD facility at the M2 
beam line of the CERN SPS

LS2 LS3
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AMBER physics program
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AMBER physics program
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Proton radius measurement in μ-p elastic scattering
Drell-Yan and charmonium production using 
conventional hadron beams
Hard exclusive reactions with muon beam and 
transversely polarised target
Spectroscopy with low-energy antiproton beam
Measurement of antiproton production cross section 
for dark matter search
Vector-meson production in nuclear matter
Spectroscopy of kaons
Drell-Yan and charmonium production using kaon and 
antiproton beams
Study of gluon content of kaons with prompt photons
Low-energy QCD with kaon beam

RF-separated beam
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Sea/valence quarks in pion via DY
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Sea/valence separation
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Sea/valence quarks in kaon

Poor knowledge of kaon valence PDFs, no info about sea

NA3
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Gluon PDFs of mesons
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prompt photonsquarkonia 
production

jet production

xg(x) ⇠ (1� x)⌘, ⌘ ⇡ 2

We have some minimal data 
for pion, for kaon there is 

no any experimental 
results!

While there is a prediction 
that gluon content of kaon 
at hadronic scale is ~1/6 in 

respect to pion.

Complimentary approaches!
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Gluon content of pion & J/ψ
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CEM

Two main mechanisms 
of J/ψ production in 
hadron collisions:

gg→J/ψ+…
qq→J/ψ+…

Model-dependent separation of gg and qq contributions

_

_
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Gluon PDFs of kaon & J/ψ
CEM
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Gluon PDFs of kaon via prompt γ
LO
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Gluon Compton Scattering

Hard background 
from decay photons!K+ for main sample, K−,π+,π−

for reference and systematic studies.

COMPASS



Alexey Guskov, Joint Institute for Nuclear Research �11

, GeV/c
T

p
1 2 3 4 5 6

Ac
ce

pt
an

ce

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Flat acceptance in pT

xπ,K > 0.2

xπ,K > 0.05

Two different 
methods to touch 
g(x) — different 

systematics, different 
kinematic ranges.

LH2 target

Gluon PDFs of kaon via prompt γ
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Spin physics with antiproton beam
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Antiproton beam and 
transversely polarised NH3 

target

Active absorber
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Nuclear effects in DY
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segmented C target
W
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GPD E via DVCS and DVMP 
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μ± beams
Transversely polarised NH3 target

2 year of data taking

Similar for DVMP

Ji sum rule
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p-yields for astrophysical  dark matter 
search
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But the most of antiprotons are produced in 
interaction of primary CR with interstellar matter

_

_
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Proton radius measurement
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Charmonia via pp annihilation
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Wide spectrum of 
quantum numbers!

_
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Vector mesons in nuclear matter
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Color dipole model:

Naive quark model: σL=σTσL,T=σ(VL,T:ρ,ω,φ… N)

σ(ρ,N)

Boosted 
Gaussian 

ADC/QCD 
holographic

γA →V A (coherent) − σT (proposed to 
be precisely measured at JLab)

π−A →V A’ − σL dominates (AMBER)

Important for:
•  treating of the CT effect
• heavy ion collisions

Exclusive charge exchange 
reactions:

K− A → K*(892) A’
π− A → ρ(770) A’
π− A → f2(1270) A’

…

Running with the set of 
different nuclear targets 

(Be - Pb). No special 
requirement for the 

spectrometer. Running in 
parasitic mode is also 

possible.

π− N → ρ(770) N’
COMPASS
190 GeV/c 



Alexey Guskov, Joint Institute for Nuclear Research

Low-energy QCD with RF-separated 
hadron beam
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ᵪPT  prediction O(p4):
↵K + �K = 0
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Quark confinement model:
↵K + �K = 1.0⇥ 10�4fm3

↵K = 2.3⇥ 10�4fm3

π0 lifetime

Direct

Primakoff

σαK stat = 0.03 × 10−4 fm3
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Kaon spectroscopy with kaon beam
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We intend to rewrite completely the kaon section of PDG
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SUMMARY
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COMPASS++/AMBER is a planned fixed-target facility 
at CERN with an extended physics program which 
partially overlaps with the SPD physics program. 

Experience of the COMPASS++/AMBER project could 
be used by the SPD project


