COMPASS++/AMBER:
A New QCD Facility at the M2 beam line
of the CERN SPS

Catarina Quintans (LIP-Lisbon)
On behalf of COMPASS++/AMBER

1% meeting of the Theory Initiative on the “Emergence of Hadron Mass”

11 December 2019



Program

Physics
Goals

Energ}r
[GeV]

Beam
Intensity

[s ']

Trigger
Rate
[kHz]

Beam

Type

Target

Earliest
start time,
duration

Hardware
additions

Physms program (AMBER Lol)

Phase-1

muon-proton Precision high- active TPC,

elastic proton-radius | 100 | 4-10° | 100 u* | pressure | 2022 SciFi trigger, conventional muon

scattering measurement H2 1 year silicon veto,

Hard Tocoil silicon, and hadron beams
exclusive GPD E 160 2.10’ 10 ut NH] 2022 modified polarised
reactions 2 years target magnet

Input for Dark | p production | 20-280 | 5.10° 25 P LH2, 2022 liquid helium
Matter Search CToss section LHe 1 month target
target spectrometer:
p-induced Heavy quark | 12,20 | 5-10’ 25 p LH2 2022 tracking,
spectroscopy exotics 2 years calorimetry
Drell-Yan Pion PDFs 190 7-10° 25 T C/w 2022
charmonium 1-2 years L 53
charmonium
Drell-Yan Kaon PDFs & ~~ 100 10° 25-50 K. p NH;, 2026 “active absorber™,
(RF) Nucleon TMDs C/rw 2-3 years vertex detector
Kaon polarisa- non-exclusive Phase-z
Primakoff bility & pion ~100 5. 10° = 10 K N1 2026 -

s et 1 year conventional and RF-
Prompt non-exclusive separated hadron
Photons Meson gluon =100 5-10° 10-100 KJ’r LH2, 2026 hodoscope bea

(RF) PDFs * Ni | 1-2 years ms

K-induced High-precision
Spectroscopy | strange-meson | 50-100 | 5-10° 25 K LH2 2026 recoil TOF,
(RF) spectrum 1 year forward P1D
Spin Density
Vector mesons Matrix 50-100 | 5-10° 10-100 | K~ 7~ | fromH 2026
{(RF) Elements to Pb 1 year 2



Timeline

SIDIS pion . .
th vol proton proton physics with
with po . . induced
radius radius kaon beam
deuteron target Drell-Yan

/}ﬂ stnndaré: muon!hndr;m beams
. ! dlready : .
i approved :

2019 2020 2021 2022 2023 2024 2025 2026 2027

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

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

COMPASS++/AMBER Proposal SPSC-P-360

* A Proposal for Phase-Il shall follow — we aim at some input from this theory initiative


https://arxiv.org/pdf/1808.00848.pdf

Emergence of hadron mass

The motto for a broad QCD-related physics programme

Pions and kaons VS protons

Structure: parton distributions Much better know, but still;
Rigidity: polarizabilities

Resonant behavior: spectroscopy * 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...



Hadron Structure
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Experimental contributions to the pion PDFs

—— GRV (1992)

Gluon
— SMRS (1992)

~ JAM (2018)

[ Inasiit

Valence

* GRV and SMRS sets use data from Drell-Yan and
prompt photon production experiments: NA10,
E615, NA24 and WATO.

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

f(OMP § COMPASS collected Tt—-induced Drell-Yan

\¢ data in 2015 and 2018.

— _+ -

- T~ beam 190 GeV/c on (NH_+*He) target, Al and W targets.
« Sample from ammonia is 2-3 times larger than E615
* Expect DY differential cross-section results soon.

b Contribution to the pion valence




AMBER 1* phase: pion PDFs

Drell-Yan process (dimuon channel):

it and 11— beams of 190 GeV/c —>

Isoscalar target: carbon
Nuclear target: tungsten

Better mass & vertex resolution, 3

thanks to a new vertex telescope

The phase-space of the measurement on C
target shall be similar to the one of COMPASS

Hadron absorber
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Pion sea-valence separation @ AMBER

2- 5 N ] NA3 extraction (DY =* and n data)
\

Valence/sea separation < |,
3
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JAM: DY + LN
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(Statistics expected in 2 years data-taking, time sharing of 1:3 between 1t—:1t* beams) s



AMBER 1%,2" phase: charmonium measurements
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Large sample of J/Y and P(2S) collected in parallel
to DY

2 main production mechanisms:

gg— g J/y and qq - J/Y

Model dependent separation of these 2

contributions, via of,, — GJK/:, o< it uN

h alternative access to u-valence in K-

Simultaneous analysis of polarization and x
dependence

Expect 1.2 M J/Y events with t* beam, and 1.8 M
with 11~ beam, in 2 years of data taking



AMBER 2" phase: kaon structure

* Radio-frequency separation would allow much higher intensity
kaon/antiproton beams

b 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




Kaon-induced DY @ AMBER

e Kaon beams of both charges, momenta ~60 — 120 GeV/c

e Carbon target

* Open spectrometer, new detectors giving access to ete~

. Target Beam  Beam intensity Beam energy DY mass DY events
Experiment 2 + - + -
type type (part/sec) (GeV) (GeVic™) u'u e'e
NA3 6 cm Pt K 200 42-85 700 0
80 40-8.5
K~ 2.1x107 100 40-8.5
This exp. 100cm C 120 40-83
80 4.0-8.5
K" 2.1x 10 100 40-8.5
120 40-8.5
80 40-85 65500 29,700
This exp. 100cmC 7~ 4.8 %10 100 40-8.5 95500 36,000
120 40-8.5 123,600 39,800

(Statistics expected in 2 years data-taking, equal time sharing K*:K~)
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Kaon-induced prompt-photon production

Gluon Compton scattering

(under the assumption g, (x,Q?%) =g _(x,Q?) )

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

A_cce_ss to th_e gluon background from T and n-meson decays
distribution in the kaon (minimum bias photons) under control.
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p,, GeVic

Prompt-photons measurement

« K* (K~) beam of 100 GeV/c on a long liquid H, target

* In 1 year of data taking, collect a factor 15 more statistics than WA70
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Resonant and dynamical properties of hadrons

QCD allows for color-neutral B
meson-like states in addition to |qg>

J— S

_— — T -

—

o / A quest for exotic forms of mattm

\
\

Quarkonia .:. qq_> From COMPASS to AMBER |
Hybrids .;\'_‘ qqg> To be continued...

Glueballs 5 % g) -

Multi- H+H q2q2> Understanding the strange-meson

quarks + sector is a crucial step in light meson
: spectroscopy
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Kaon spectroscopy

From the 25 kaon states below 3.1
GeV/c2referred in the PDG 2018, only
12 appear in the summary table, other
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Kaon-induced Primakoff reactions

K-Z - K- yZ
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
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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
iInput 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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Nuclear effects studied from Drell-Yan

* Multiple scattering of incoming quark when
crossing large target nuclei

b Energy Loss

* Using both beam charges one can tag flavour.
b 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 radlus

* Laser spectroscopy sees smaller radius ¢ ==

1

(GMIHP}IGD!//_\
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2 2 _
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0.995

AMBER: muon-proton elastic scattering, 160 GeVic o

0.985
ep scattering MAMI —a— FBernauer et al. Al coll. [PRL 105 242001 (2010)] 08 I—lr:.MAwl—r =0.88 fm
p spectroscopy CREMA FPohl et al., CREMA coll. [Nature 466 213 (2010)] 09755 : . e 'm'_z : : e -1{;_‘
All ep scattering data, no MAMI —k—— FZhan et al. [PLB 705 59 (2011)] Q° [Gevc?)
CODATA A —v— FMohr et al. [Rev. Mod. Phys. 84 1527 (2012)]
pp spectroscopy CREMA A F Antognini et al., CREMA coll. [Science 339 417 (2013)] :ﬂ }
CODATA A —F— FMohr et al. [Rev. Mod. Phys. 88 035009 (2016)] 0955 ;: T \ uncertsinyy bands: 4G, only
ep Spectroscopy - —e— FBeyer et al. [Science 358 6359 (2017)] 0.9 = S 4G, added linearly
ep spectroscopy o —e— FFleurbaey et al. [PRL.120 183001 (2018)] 0.985 %_
CODATA{ —— % —— FCODATA (2018) 098 §_
ep scattering MAMI A FMihovolovic et al. [arXiv:1905.11182 (2019)] 0.975 %— \
ep spectroscopy o —o— FBezginov et al. [Science 365 1007 (2019)] 087 i— \
pp scattering AMBER A — I Proposal AMBER [SPSC-P-360 (2019)] 0.965 z—
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