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AMBER facility is a COMPASS successor in a long row of the Proton Spin&Structure
Experiments which took place in the EHN2 experimental hall of the CERN North Area
Laboratory (aka CERN-Prevessin or CERN Lab 2)
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All AMBER predecessors (at least most recent once) did a ve

\ significant contribution to the science question of the Proton Spin... ror veson and aryon

Experimental Research

stating from initiation of Spin Crisis to its resolving.

Nucl eon spi npG+L= |

quark gluon orbital mom.

S — <«
A2 :sumoveru,d, s, u,d,s AQ =Q-q

Can take any value: superposition of several states Parton spin parallel or anti
parallel to nucleon spin

First two component were extensively studied in the
SIDIS experiments with the longitudinally polarised
target (collinear case approach): spin fraction carried
by quarks and gluons is not sufficient to describe %2
nucleon spin (Spin Crisis):

AQuar k spin cont rZl0(GeV/pDSSYE =,
arxiv:0804.0422)

ARHIC and COMPASS Open charm measurement and
other direct measurements C qp G/ i§not sufficient C

1 Q

In order to create Angular Momentum of partons spin-orbit correlation has to be taken into account C
transverse momentum of the quark k; appears C 3D structure of the Nucleon has to be studied
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w Currently thanks to the contribution of number of Labs/Experiment A
(BEPC, BNL, CERN, FermiiladiX 0 { LAY LJdzl | f..Scohed ..o sNB
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cw AMBER Science Question 1000

Apparatus for Meson and Baryon

>\ AThere is a very clear recipe to fill up the missing part of the protongspitgulaf®=me"e' feseere"
momentumC 3D case€C TMDs and GPDs

A We found ourselves in Precision phase (AlessaBdazhettd
A More data to come in the next years from COMPAS8&H RHIC and later fro@eiC

and EIC

*Exploration 2002 Proton SPIN can not be considered as a main
R ucelticory AMBER Science Question because of three
«first measurements reasons:

e Consolidation 2012 A Proton spin and structure are quite well
*TMD factorization known nowadays
*many consistent measurements A A number of high luminosity programs

- C *Precision 2022 (Jlah EIG EicQ will provide data in a next
e ofull-fledged global analysis years
Precision *precision measurew A Wider physics program to attract new
groups
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cw Principles to be respected while preparing new experiment at ‘060-
l\ CERN Apparatus for Meson and Baryon

Experimental Research

/L

Once we are started to think about successor of COMPASS and continuation of
hadron physics at CERN apart of reasoning mentioned above we were guided by few
CERMestablished principles:

1. High scientific value of the proposed measurements, i.e. importance of science
guestions to be addressed by the experiment

2. Results awaited by a broad scientific community

3. Uniqueness of the proposed experiments, everything what could be done
somewhere else but at CERN should be done somewhere else

4. Results, once achieved should define the state of the art in the field for a long
time

Former two are sort of common, latter two are rather CERNecific.
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Location, environment and basic featured of the enterprise: 2000

- CERN North Area (aka CER&VessinLab 2) Apparatus for Meson and Baryon
- Fixed target facility using secondary SPS beams extracted on the ground level Experimental Research
- Strict environmental requirements no additional radiation to public

CERN Accelerator Complex - SN (P e
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cw Setting up of the strong physics case for AMBER facility was— 00()

/) greatly simplified by uniqueness of the CERN SPS AMBER/EHNZ ‘o Viesn 2nd garvon

rimental Research

secondary beams
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Basic features of the AMBER/EHNZ2 secondary beams (CERN SPS 400 GeV primary proton beam):
- Hadron+£ beams, momentum range 50250 GeV, up to Flsec

- Muon+/- beams, momentum range 50250 Gey up to 5x10/sec

- Electron/positron beams 260 GeV, up to Fdsec

UNIQUE: Pion+/and Kaon+{ beams as there is no simple way to construct a target of unstable particles.
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cw
\

/L

Taking into account unique meson beam opportunities
at EHN2 we Identify AMBER as a key contributor to the study
Of the Emergence of the Hadron Mass Phenomenon

How does all the visible matter in the universe come
about and what defines its mass scale?

Great discovery of the Higgs-boson unfortunately does not
help to answer this question, because:
V The Higgs-boson mechanism produces only a
small fraction of all visible mass
V The Higgs-generated mass scales explain
neither the Ahugeo
masslessness6 o f t he pi on

p-r ot on

As Higgs mechanism produces a few percent of visible mass,

AMBER science questions
Emergence of the Hadron Mass Phenomenon

1000

Apparatus for Meson and Baryon
Experimental Research

Pion Kaon

b

Proton

W

e M, ~ 140MeV o My ~ 490MeV o M, ~ 940MeV

e Spin 0 e Spin 0 e Spin 1/2
o 2 light valence e 1light and 1 “heavy” e 3 light valence
quarks valence quarks quarks

Higgs generated masses of the valence quarks:
M(U+d)~7 MeV M(U+S)~1OO MeV M(u+u+d)~10 Mev

mas S nor

——_—
—

(,.—-—v_\

f/\

//

Where does the rest comes from (EHM phenomenon)?

¥

-
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EHM phenomenon

What are the underlying mechanisms?

Intuitively one can expect that the answer to the
guestion lies within SM, in particular within QCD.
Why? Because of the dynamical mass generation in

continuum QCD.

QCD agree

® p=163
@ (=213
® =225
® =237

Dt dz2y LINZ LJI
continuumand lattice

0 1 2 3
k [GeV]

Truly fAimass from nothingo
Initially massless gluon produces
dressed gluon fields

dhas$ ilhcon that is large at infrared
momenta

Dynamical mass generation in continuum
guantum chromodynamics

4 J.M. Cornwall, Phys. Rev. D 26 (1981) 1453

¢ ~ 1000 citations

Il n order to Aproof o that OCD under|

to compare Lattice and Continuum QCD calculations with

experimental data by measuring:

1. Quark and Gluon PDFs and PDAs of the pion/kaon/proton

2. Hadrondés r adi

3. EXxcited-meson spectra

16/05/2024

(confinement)

OlegDenisov

1000

Apparatus for Meson and Baryon
Experimental Research

As quark can emit and absorb gluons
It acquires its mass in infrared region
because of t-hhass-gl uon
generationo mechani s
%or emergent) mass of hadrons must

Y dominated by gluon component
g gener ateso

':_-_,_' ' [ ' I ' [
m - B EeE a
0.4 Rapid acquisition of mass is -
9, eﬂgr:t of gluen doud
= 4
= —m = 70 MeV 7
—m = 30 MeV J

—m = 0 {Chiral limit)

Il es W omenron
wm
l:’ ] | --\--I-_____|_ —
0 1 2
(Constituent quarks) p[Ge"u"]

Dressed-quark mass function M(p)
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CE/RW EHM phenomenon ‘00‘0‘
l\ IS It enough to StUdy the prOton to underStand SM? Apparatus for Meson and Baryon

/77 Experimental Research

Mass Budgets

proton 5%

The answer is obviously NOT (SM paradigm):
A proton is described by QCD é 3 val
A pion is also described by QCDonél 4=
and 1 valence antiquark
A expectm, & 1l.nbé but , mmdsk/mad

Proton and pion/kaon difference:
A In the chiral limit the mass of the proton remains
basically the same
A Chiral | i mit mass of pion and
(Nambu-Goldstone bosons)
A Different gluon content expected for pion and kaon
A Contribution from interplay with Higgs mechanism is
different

pion 95%

kaon 80%

Thus it is equally important to study the internal structure and dynamics proton 94%
of pions, kaons and protons

W chiral limit (EHM) ® EHM+HB [ HB

16/05/2024 Oleg Denisov 12
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cﬁw AMBER physics program ‘060-

\

Apparatus for Meson and Baryon
N/ Experimental Research

Questions to be answered:

A series of workshops entitled

AMass difference pion/proton/kaon iPerceiving of the E

AMass generation mechanism (emergent mass .vs. Higgs) AMBER@CERN( SPS) o:
Alnternal quark-gluon structure and dynamics, https://indico.cern.ch/event/1021402/
especially important pion/kaon/proton striking differences
Methods:
Drell-Yan ¢ompl to Prompt Photon Production Diffractive scattering Elastic scattering

Sullivan) and/v
K}:eam X_ Pheam

Hi(F) , - :
q Y :
(k) h,
e e [ P, R
=, -
~* — (] ——

/K

L AN ! ANt ..
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o AMBER 2000

l\ more than 15 yeanng Eﬁort Apparatus for Meson and Baryon

Experimental Research

of possible COMPASS successor > 15 years ago.

A Number of Workshops has been organized, @
for detail see AMBER web page:

CERN-SPSC-2019-003

https://amber.web.cern.ch/ Lol submitted in January 2019 Januasrgs?gjliﬁig

http://arxiv.org/abs/1808.00848
e Apparatus for Meson and Baryon Experimental Research
:nMe:EQRCDfacilityat HOME DOCUMENTS WORKSHOPS TALKS CHRONOLOGY > 270 aUthorS

MEETING DATABASE
the M2 beam line of
the CERN SPS

ORGANISATION -~  WIKI

Welcome Letter of Intent:

Over the past four decades, measurements at the external beam lines of the CERN Super Proton Synchrotron (SPS) have received worldwide attention. The

ags s

&
experimental results have been challenging Quantum Chromodynamics (QCD) as our theory of the strong interactions, thus serving as important input to A NEW QCD fﬂl:lllt}' at thE Mz bEﬂm lll'lE ﬂf thE CERN SPS
develop improvements of the theory. As of today, these beam lines remain mostly unique and bear great potential for significant future advancements in our
understanding of hadronic matter.

COMPASS++ /AMBER*

In the context of the Physics-beyond-colliders (PBC) initiative at CERN, the COMPASS++/AMBER (proto-) collaboration proposes to establish a "New QCD facility at
the M2 beam line of the CERN SPS". Such an unrivalled installation would make the experimental hall EHN2 the site for a great variety of measurements to
address fundamental issues of QCD. The proposed measurements cover a wide range in the squared four-momentum transfer Q% from lowest values of Q? where
we plan to measure the proton charge radius by elastic muon-proton scattering, over intermediate Q? where we plan to study the spectroscopy of mesons and
baryons by using dedicated meson beams, to high Q2 where we plan to study the structure of mesons and baryons via the Drell-Yan process and eventually

¥ . vl
address the fundamental quest on the emergence of hadronic mass arxiv:1606.03208[nucl-th], arXiv:1905.05208[nucl-th]. B_ Adams]l]_, CA_ A_ldalal, R_ Ak_h_unz}rﬂnov]d', G_ D Alexeev]4’ M_G AIEKBEV‘” . A Amomsu'i]r“-"

16/05/2024 Oleg Denisov 14
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http://arxiv.org/abs/1808.00848
http://arxiv.org/abs/1808.00848

CERN

16/05/2024

AMBER PHAS3KEproposal submitted in Sep.
approved in Dec. 2020)

2019,

1000

Apparatus for Meson and Baryon
Experimental Research

Physics Beam Beam | Trigger | Beam Earliest Hardware
Program Goals Energy | Intensity | Rate Type Target | start time, additions
[GeV] | [s'] | [kHz] duration
muon-proton Precision high- active TPC,
elastic proton-radius 100 4-10° 100 pi pressure 2022 SciFi trigger,
scattering measurement H2 1 year silicon veto,
- Hard Tecoll SUICOon,
exclusive GPDE 160 | 2-10 10 u* NH; 2022 modified polarised
reactions 2 years target magnet
Input for Dark | P production | 20-280 | 35- 10° 25 P LH2, 2022 liguid helium
Matter Search | cross section LHe 1 month target
target spectrometer:
T-induced Heavy quark 12,20 | 5-107 25 T LH2 2022 tracking,

exotics

calorime

PHASH
Conventionahadronand
muonbeams
2022C 2025
Improved conventional
HadrorfHadronbeam

2027C 2030
1-2 years
Drell-Yan Kaon PDFs & | ~100 10% 2550 | k.7 N[—I;1 2026 active absorber”,
(RF) Nucleon TMDs Ow 2-3 years vertex detector
Kaon polarisa- non-exclusive
Primakoff bility & pion | ~100 | 5- 10° =10 K~ Ni 2026 P HASE
(RF) life time 1 year
Prompt non-exclusive
Photons Meson gluon | =100 | 5-10° | 10-100 K_* LH2, 2026 hodoscope Improved conve ntiona|
(RF) PDFs T Ni 1-2 years
K-induced High-precision H ad ro dH ad ron
Spectroscopy | strange-meson | 50-100 | 5- 10° 25 K~ LH2 2026 recoil TOF,
(RE) spectrum 1 year forward PID and muonbeam
Spin Density
Vector mesons Matrix 50-100 | 5-10° | 10-100 | K=, x" | fromH | 2026
(RF) Elements to Ph 1 year

Table 2: Requirements for future programmes at the M2 beam line after 2021. Muon beams are in blue,
conventional hadron beams in green, and RF-separated hadron beams in red.

Oleg Denisov

2029and beyond
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CE/RW General AMBER timeline ‘00'0-

l\ Apparatus for Meson and Baryon
/77 Experimental Research
Conventional and Improved hadron Improved hadron beams, conventional muon
beams, conventional muon beam beam

—

S
Phase-1 (V) Phase-2 {3

Proton Radius Measurement

Antimatter production cross section

Pion structure (PDFs) via DY and charmonia
Kaon and pion structure (PDFs and PDAS)

High precision strange-meson spectrum
Kaon and pion charge radius

Kaon induced Primakoff reaction
Prompt Photons Production

Phase-1 Proposal approved by RB on 02/12/2020 Phase-2 Proposal submission in the beginning of 2024

16/05/2024 Oleg Denisov 16
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1000

Apparatus for Meson and Baryon
Experimental Research

— AMSE-02 exp. uncertainty

= Antimatter Production CrosSection measurement
. A
\ at AMBER
N7
- New AMS(2) data i the antiparticle flux is well known
AMS, FERMI now (few %_pres.)
 Annihilation (http://dx.doi.org/10.1103/PhysRevLett.117.091103)
! ey - Two types of processes contribute i SM interactions &
2 e D X ppe.esy  (proton on the inter-stellar matter with the production for £
XENONT & N example of antiprotons) and contribution from dark :
oMl Bl & spe.cy PATtCle T antiparticle annihilation; %
- In order to detect a poss_ible excess in the a_ntiparticles
L flux a good knowledge of inclusive cross sections of
LHC p-He interaction with antiparticles in the f.s. is a must,

currently the typical precision is of 30-50%.

AMBER proton beam: from a few tens of GeV/c up to 250 GeV/c, in the
pseudo-rapidity range 2.4 < — < 5.6. Goal is to measure the double
differential (momentum and pseudo-rapidity) antiproton production cross
section from p+H and p+He at different proton momenta (50, 100, 190,
250 GeV/c).

In 2023 we had successfully performed first data taking with He for six
Incoming proton momentum in the range 607 250 GeV

16/05/2024 _
Oleg Denisov

— Astrophysics

Nuclear physics
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http://dx.doi.org/10.1103/PhysRevLett.117.091103

CE/RW
\

N/ S

AMBER antimatter production cross section

1000

Apparatus for Meson and Baryon
Experimental Research

The impact of the proposed p + p measurements on constraining the production of cosmic anti-protons versus their kinetic
energy. Each curve represents the fraction of anti-proton production phase space as constrained by AMBER cross section
measurements in p-p, p-He and He-p channels, compared to NA61 (p-p) and LHCb (p-He) measurements

p-H channel, in three

different energy ranges

AMBER
NA61 (20-158 GeVic)

1n°z.n.

source term contribution
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Pion inducedrellYan at AMBER
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Chang et al, PRD 102, 054024 (2020)

Pion structure status:

Scarce data, poor knowledge of valence, sea and glue basically unknown
Mostly heavy nuclear targets: large nuclear effects

For some experiments, no information on absolute cross sections

Two experiments (E615, NA3) have measured so far with both pion beam
sign, but only one (NA3) has used its data to separate sea-valence quark
contributions

Discrepancy between different experiments (i.e. NA10, E615)

Old data, no way to reanalyse them using modern approaches

o Too T I

To I
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Status of the knowledge of the Pion structure
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E615, PRD 1989

1014

L

nﬁ,ﬁ (nb nucleon GeVZg *)

i
""..‘
+n¢;
. |
by
» E615 252 GeV B |
e NATD 194 GeV
0.0<<05
§

os

19

T ﬂ.‘ﬁr - - T s


https://www.google.com/search?q=cern+logo&client=firefox-b-d&channel=crow5&sxsrf=APq-WBvMSFlY0sjrxUHXljfRGYfeJsM1nw:1648640496271&tbm=isch&source=iu&ictx=1&vet=1&fir=OCosYJXo5RtluM%252CZUNhRJvhpog4bM%252C_%253BL4jNB0bzOl6fIM%252CeoyQSKIWwbaIZM%252C_%253BqgxT7HTe7lZiaM%252C3fc_8Du35QM9sM%252C_%253BG1p1-5OLtrtKkM%252C45X8Rz69RDhkVM%252C_%253BSb2Hf0Djzp1BvM%252CDuszXcbc6d4TtM%252C_%253BsHiaRpU3iog0gM%252CaALIXe9CKKRmuM%252C_%253B9fxYR6HQCnoHEM%252Ch5m6tc6PRtq0eM%252C_%253B9xMx5lFm7dt7SM%252C6PnkxXC5NIhJDM%252C_%253BUrQCf4Ylb3C4nM%252C6Tu1dz2RYoMCXM%252C_%253BtQ7mumN8VSNk6M%252Cci-q8QfUcHqucM%252C_%253BQWrK3kpgJZTlQM%252C8TMzDXj1nCwn5M%252C_%253B31V1ck49PpPbiM%252Cttwuj-XIr0nT0M%252C_%253BLQKPdHctaSi9cM%252Cl-6M90AjEsRI_M%252C_&usg=AI4_-kTjkc7VlCmYOeGVuGYLanIadt3KBw&sa=X&ved=2ahUKEwj1v5G54O32AhUPiv0HHfL-A6cQ9QF6BAgYEAE#imgrc=G1p1-5OLtrtKkM

CERN

= 02
<z socey ] [ ——
_EF [ | {  Propoesd experiment
2015 .
£ r [ L ] }’ L ]J
-~ k]
C ]E i
01f { : [l {
B {E { [ '
005 - {' h
- f ) |
0 C B I N R I!.
0 02 04 06 08 1
X-
= 250 NAZ exiraction [OY = and = data)
H" - ———— SMRS 10% sea contribution
i R SMRS 15% sea contribution
] 2— e SMRS 20% sea contribution
pi“., C —_« Projection for 280 days on C-target
15— }
1=
E M<|ml(mv{c)<s-s 1 1 1 1 1 1 1
0.1 02 03 0.4 05 06 07 08 09 Xﬂ.l
| 250
S
2_
] -
W =
1.5
1 3.8¢M/(GeVIc)<8.5
01 02 03 04 05 06 07 08 09 !

Pion structure in pion induced DY
Expected accuracy as compared to NA3

Studying of the di-muon angular
distributions (¥ Hhw) provides a direct
input to the EHM

Probing valence and sea quark contents of pion at AMBER‘OUO‘
\ Expected statistics 8 to 20 times higher than available

Apparatus for Meson and Baryon
Experimental Research

c T C,

eXy=0" “—¢ . only valence-valence

+ _
@ Ys=406" ¢ —¢™ ¢ no valence-valence

@ Collect at least a factor 10 more statistics
than presently available

@ Minimize nuclear effects on target side

o Projection for 2 x 140 days of
Drell-Yan data taking

e mt tom 3:1 time sharing

o 190 GeV uveamns on Carbon target
(1.9A7,

o Improvement of shielding to double
the intensity is under investigation

Experiment Target type Beam energy (GeV)y  Beam type  Beam intensity (part/sec) DY mass (GeVic®) DY events
+ 7
E615 20 em W 252 " 17.6x 10 405 -8.55 3000
n 18.6% 10 30000
+ 4 7 4
30cm H, 200 8 2010 4.1-%.5 40
NA3 : n 3.0 % 10 121
-+ T
6em P 200 T Sl 42-85 1767
n 3.0 107 4961
286 _ 4 42-85 7800
yl
120cm B, 140 " B3 1 435-85 3200
NAID
186 42-8.5 49600
12 em W 194 o 65 = |U-'r 407 -85 155000
140 435-85 29300
COMPASS 2015 ; - b 35000
COMPASS 2018 | 10¢m NH; 190 m 7010 43-85 52000
R
100 [ - L7 10 43-85 (21700
T 40-85 31000
43-85 H7000
190 ¥
AMBER : tooss oo
. . 43838 B300
e 190) " 0.4 %10 A0_B5 11700
~ 43-85 24100
q 7
190 4 1.6 = 10 40-85 32100
\___J \ v,

Sea quark content of pion can be accurately measured
at AMBER for the first time

16/05/2024

Isoscalar target 4 Both positive and negative beams <+ High statistics

OlegDenisov
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CE/RW Pion induced/ at AMBER ‘060'

l\ Apparatus for Meson and Baryon
/77 Zp\{\\/ ‘ﬁqeeo\\ ) Experimental Research
“//(l’f;, _Q TN transverselyt i ..
= S jﬁi polarized y,: ;5;:* Experiment Target type  Beam energy (GeV) Beam type J/i events
& 2 A gluons = 4
Q\/é}. a 3999.)/} 150 n 601000
g N g 280 o 511000
NA3 [76] Pt
. * 131000
Cheung and Vogt, priv. comm. 200 i 105000
Collected simultaneously with = F £789 (129, 130] Cu 200000
DY data, with large counting £ T JAp 7 +12C 190 GeV o Au 800 P 110000
rates %ﬁ- i Be 45000
= — — Tot Be
. . . )
Physics objectives: C10°E — 979 E866 [131] Fe 800 P 3000000
- — qq Cu
A Study of the Jf (charmonia) ! Be 124700
production mechanisms (ggi ) Al 100700
fusi ihilation) NAS0 [132] Cu 450 p 130600
usion vs gni annihi : ol Ag 132100
comparison of CEM and - W 78100
NRQCD NAS1 [133] ; 450 p ;ﬂ%
A Probe gluon and quark PDFs : HERA-B [134] C 920 b 152000
of pion cee b b e b
PI ~ 5F COMPASS 2015 |\ 190
(arXiv:2103.11660v1 [hep-ph] £ [ 1 COMPASS 2018~ <" 8
22 Mar 2021) 5 Op———
- 75cm C 190
M L 1 1 l L 1 1 l 1 1 L l L 1 L l 1 1
A v (2S) signal study, free of 002 04 06 08 x AMBER
feed-down effect from G, G,
Improved CEM, CT10 + GRS99 global 12em W 190
fit for proton/pion
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E&W Goal 2: gluon distribution in the pion through {foduction
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Cross section (ICEM) Polarization(ICEM) snr comui 2020
@LL Jly p +2C 190 GeV o _ .
2 — Both xF-dlstr_lbu_tlon % | iy ssC190Gov
8101 — oo and polarization 051
C — 0g-q -
depend on the _ /
relative amount of Opp
10F of quark/gluon
content 030 .
— JAM
S o2 o4 06 08
U’CJO};::::;;%%%%% % { n o P oo Xp
5 | dzZAS au®™0 B:a 0 A (4 | s
e | L L L 40 + Ag ()
0 0.2 0.4 0.6 0.8 Xg 12c 18 V] \]V and
20( 30 k|' Q @ From qg — J,=4+1 > A =-1
@ Fromgg — J,=0 > A =1
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AMBER (kaon inducé&dellYan and J/Psi production)

NS Extremely important to compare the gluon content of kaon
and pion (emergent mass)

A ldentify the kaon component with the CEDARSs
A positive beam (K = 1.5%)

Nb of events25 000 K

A negative beam (K = 2.4%)

A Expected statistics
A 210 days of positive beam (K+)
Atrn RIF&a 2F yS3lGArgds
A CEDARSs efficiency: 60%

] ‘190GeV o (e 12)|

1900 V K-+A= lZGRVPlllCl‘ldl 1(=0300M 15L.0
M

= Tot
=g

— aq

[

|

1
" Conventional beam ! § 10
< 5k
—\*L\i g4 4 |- £
- —5_
K . =
£0.8f _ g
~~ . b
X *  AMBER ‘\\\
0.6f o Badier 1980 L]
= continuum Cui s .
04t - IQCDLin 1 C

0.0 0.25 0.50 0.75 1.0
X
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32000 K

E ‘190 GeV K+ + (A= 12)]

= Tot

= 09

— aq

190 GeV K+ + A= 12 GRVPII /CT14nlo K=0.300 M=1.5
slanbialaa Galivalnalini lia li

@1(5): I

5 0 44—+ % % % {
S |

%0204 06 08 x,

Projected statistical errors after 280 days of running,
compared to NA3 stat. errors
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E?‘W Antiproton inducedrellYan ‘00'0'

(new idea byGuissercolleague; Stefan Diehl) Aoperotus for Meson and Baryon
N/ S Experimental Research
%‘102 % —— Study the difference between valence and sea quark TMD PDFs
g : " 41'::‘:{]‘25
g P . op*W  4<M<9 GeV/c’ Chiral quark soliton models suggest that the transverse momentum
Zz {’ 0.2<x,.<0.3 . - -
¢ width of sea quarks in a proton may be as much as three times

10

I-IIIII|

% ‘} i} ) broader than that of the valance distribution

C. A. Aidala et al., Phys. Rev. D 89, 094002 (2014)

II-IIII|

W. Oliver, H. R. Gustafson, L. W. Jones, M. Longo, T. Roberts, et al., AIP Conf.Proc.
45, 93 (1978).

E. Anassontzis, S. Katsanevas, E. Kiritsis, P. Kostarakis, C. Kourkoumelis, et al.,
Phys.Rev. D38, 1377 (1988).

1n.1|IIII|IIII[IIII|IIII]IIII:|IIII|III:I|III:I|IIII

o 1 2 3 4 5 6 7 8 9
pi(GeWc}z

C Compare transverse momentum distributions for pA and pbarA DY collisions
C Use extactly the same beam energy + same x1, x2 and Q.
pA case: (quark-in-proton) X (antiquark-in-A) TMD PDFs
pbarA case: (antiquark-in-antiproton) X (quark-in-A) TMD PDFs
C Difference pf PT distributions probes difference between valence and sea quarks

16/05/2024 _ 24
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Proton Radius Measurement at AMBER

(confinement)

NS
£p scattering MAMI H — I Bernzuer et al. Al coll. [PRL 105 242001 {2010)]
up spectroscopy CREMA - I Pohl et al., CREMA coll. [Natuse 466 213 (2010)]
All ep scatiering data, no MAMI - —_— L Zhan et al. [PLB 705 59 (2011)]
CODATA - — - Mok et al. [Rev. Mod. Phys 84 1527 (2012)]
up spectroscopy CREMA [ Antognini et al, CREMA coll. [Science 330 417 (3013)]
CODATA - — L Mok et al. [Rev. Mod. Phys. 83 035000 (2016)]
£p speciroscopy - —— I Beyeret al. [Science 358 6350 (2017)]
£ SpeCiToscopy - —_— I Rewurbagy et al. [PRL 120 183001 (2018)]
CODATA ——— FCODATA (2018)
£p scattering MAMI 4 e I Mihoreolovic et al. [arXiv: 1905.11182 (2019))
£p speciroscopy | —8—— I Bezginov et al. [Science 365 1007 (2019)]
ep scattering JlLab{ ———&——— I Hayan Gaoet al. [Mature (2019)]
jup scattering AMBER - — - | Proposal AMBER [SPSC-P-360 (2019)]
l.'I.IS\'ZI I I{I.Isdl I ID.IS-EI I IEI-.;SSI I II}.!IIH}
T, (Fm}
Rl T j ! Mainz fit ——— | Alarton 10, r, — 0841 fm ——-
. s d.gt — Mainz fit, forced Y'A:Ig:qgtiln %n? --==- This propasal, projectdd stat. errors || |
Lo rp=0.831 fm |
PRad

AMBER HIIFH ]
oors | TITTT[ [ [ [ [ [ o= 0879 ti5)

Jenewag "9

L
0 0.01

0.02

| 1
0.03 0.04 0.08 0.06 0.07 0.08
v e

statistical precision of the proposed measurement, down
to Q2 = 0,001 GeV?/c?, Cross section is normalised to the

G, - dipole form factor

Spectroscopy

Scattering

do#P—HP _ dra?
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ep up

New measurements with
lower systematics “

new transitions

New measurements with
lower systematics No data yet.
reaching lower Q?

ProRAD, ULQ2,

ISR @ MESA, PRad

MUSE at PSI coming soon
AMBER

dG.(0*
<r2>=—6h2-ﬁ

P do? e

Eﬁ—t(s—mz) 0?2

do?

Oleg Denisov

Q4

R E'Gz'*"l'(;2 — =
( % M) € ﬁ’z—r(s—ng(l-i-t)) ’ (4mp)

« Suppress magnetic form factor Gu2
— Requires 1 — 0
— Measurement at low-Q2 values of 6(<10-2)

« Measurement at high-energy 6(10 - 100 GeV)

— Resultsine — 1
— Cross-section directly proportional to Gg2

25
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A

A
A

o Proton Radius Measurement at AMBER 2000
l\\__/ (Confinement) AppaEatus for MtelsoRn and Iiaryon
Xperimental kesearc
Oton o0 A number of experiments is on the way in different laboratories
0 There is a synergy between PRES at MAMI (E, = 720 MeV) and AMBER (E' p mTTOQ®
|US @ o The same type of active target (hydrogen filled TPC) will be used for both experiment
_ 0 The same Q?range will be covered (103- 4x102 GeV?)
, o Mutual calibration of the transferred momentum
||V|ESA o Significant advantage of the AMBER measurement is much lower radiative corrections: for

" an soft bremsstrahlung photon energy Er/E,..,~ 0.01 QED corrections amount to ~15-20%
ipcndtng for electrons and to ~1.5% for muons (AMBER will be able to make a control measurement

with Electromagnetic Calorimeters).

PAUL SCHERRER INSTITUT

=

compared to the muon scattering experiment at PSI (MUSE):
Much cleaner experimental conditions (pure muon beam with less

| S, AMBER

MUSE

tyon Gg

than 10-6 admixture of hadrons) :

Much higher beam momentum, thus contribution from magnetic form o o
factor is suppressed (0.1-0.2 GeV/c vs 100 GeV/c) } 1 o
Small statistical errors achievable with the proposed running time L — — —

Q* [(GeV/e)]
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C(E/RW AMBER (Kaon and pion charge radius)
NL S

1000

Apparatus for Meson and Baryon
Experimental Research

Precise measurements of pion and kaon radii will reveal the compositeness (confinement) scale
for (near) Nambu-Goldstone bosons. At the moment there is basically no precise experimental

information on kaon charge radius.

¢ s = 2E,m, + m§ + m?2

02 4’pb mg
max — <
. . For kaons, a significant
Beam | E, Q2,.,. E, e Relative charge-radius increase of the form
[GeV] | [GeV?] | [GeV] effect on c.s. at Q2,,, factor knowledge in the
0.176 17.3 ~40% range 0.001 < Q? <
K 190 0.086 105.7 ~20% 007 appears in lreaCh
with AMBER using an
80 0.066 59.9 ~15%
50 0.037 41.3 ~8%

Oleg Denisov

5. B Amendelia, et al, , Phys, Lett, B 178, 4306 (10546)

T | ‘

S

OEF

m n
—-q’lﬁif:l’

Fig. 3. The messared knon form factor squaned. The Ene or
responids fo the pole Gt with o7 = 0,34 fm”.
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CE/RW Prompt Photons Production measurement at AMBER ‘060-

v v Apparatus for Meson and Baryon

N/ S . Experimental Research
Prompt photons probe T direct access to the gluon content of the kaon.
N At the moment there is no experimental information about gluon contribution in kaon.
Pythia-based MC simulation for prompt photons production was used .
for preliminary estimation of kinematic range accessible at COMPASS. It 09
was compared with corresponding ranges accessible by previous 2‘7’ compass LE706
. . . : 4 : NA3
experiments with pion beams. 06 U
0.5
Possibilities to identify signal and reject background were tested. Some °F G
optimization of the setup from point of the material budget was tested. 0.2 | '
i -2 0 1 2 3
y
Pt < o g
% 1o éﬂ} background before and after " IMC-based HU bm?kg?’om!d (3_ 6

. n? reconstruction

subtraction

4

ECAL2

o

3 3
TV TRy TN Ty AN Ty T

-
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PDG lists 25 strange mesons

» 16 established states, 9 need further confirmation
» Missing states with respect to quark-model predictions

» Many measurements performed more than 30 years ago

o- ot 1— 1t 2= 2t 3= 3t 4= 4t 5~
2.5 1 . _
Al e
N g M ==
- _ _ f R Gl
201 & g (N —u—
] % ° ; .
L5717 X ° e —o— I
; X X COMPASS
1.0 ] ® Established
1 * ! Not Established
1 ; —— Quark Model
0.5 ‘_—.— [Ebert et al, PRD 70 (2000) 114020]

K K K K K, K K K K K K
Stefam? I f f valk 0fX0B#06/23
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Hadron spectroscopy AMBER (kaon enriched beam) ‘00'0‘

Apparatus for Meson and Baryon
Experimental Research

Strange-Meson Spectroscopy with COMPASS

The K—n—nT Data Sample

x 104
K1(1270)
f,,-Kl 1400
1@(1770)

—
o
1

=
[
1

> World’s largest data set of about 720 k events

» Rich spectrum of overlapping and interfering X —

» Dominant well known states
P States with lower intensity are “hidden”

Events / (10 MeV /¢?)

0.0 H¥——r—r—T————""T——""7—"
1.0 1.5 2.0 2.5 3.0

MK [GeV/cQ]

AMBER QCD Facility, goal for Kaon induced Spectroscopy to
Collect 1820x1®K “ ** - events using higimtensity highenergy
kaon beam:

Optimised Conventional Hadron beam line

Higherwrt COMPASS beam intensity

Better pion/kaon beam particles separation

Much more powerfupidin the final state

29
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Chiral Anomaly and Polarizabilities (kaon enriched beam)

Primakoffat AMBER:

CERN
\
N/ S
o & 0.75GeV/cE < M_,<0.80 GeV/c
5
3
10°F &
jr+++ tt it +++;+&H+ ++++1,H T s
102 E +++|'++
- g b
R it
- ++++”++++++ b b
i | ‘ er HJF TR S
0 5 10
Q? (GeV2/c?)
chiral anomaly
Data
~ Primakoff MC COMPASS —
——— 3t MC ChPT | .
— Sum of MC contributions |
Ametller et al. | ———
NPT T P A
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Polarizabilities

Interaction between hadron and external
electromagnetic field described by
parameters a, B (LO), encoding information
about its internal structure
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PRL 114, 062002 (2015)
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1000

aratus for Meson and Baryon

Experimental Research

(Analogy from classical physics)
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hep-ex 1808 00848vé6

0.9

| Kaon beam energy: 100 GeV
o8[-

| =0.6:107" fm’ (xPT prediction)

K Ni > K Niy
Integrated flux: 5:10'% kaons

1 1 P L 1 1 Il M
0.1 0.2 03 0.4 0.5 0.6 0.7

Cl_ - nl.l DT2 0!3‘ ﬁ:n.
after a year of data taking .’L‘,}, = E’Y
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CE/RW Status of the AMBER Facility preparations: ‘OUU
~7 North Area Consolidation Program Apparatus for Meson and Baryon

Experimental Research

NA-CONS Scope/Roadmap EDMS 2458866

Consolidation Phase 1:
2019 — 2028: primary areas (incl. BA2), BA80 & beamlines towards EHN1 & TDCS8

o3 e ] ot

2010 BR020 BR021 BR022 BE023 B2, BE02S B2 47 28 : R030 BE0z1 EE03z -
Power Convertersin BASO: |\ Power Converters BAR1 & BAS2:
} Power Convertar *  PC&EE. for vertex1f2 + HE Merpurgo (YETS 21,/22) ? B SN 17 b o R T EOTE
Consolidation study ;'l = L% of the power converters { + 100% of availability recovered
S = 50% of availability recovered (TT20, TDCZ, start of MA) f \f
r
Beam Instrurm: i - . . ’
. . . Consclidation & Upgrade for higher intensity:
raview B analyiis - L
> mrdu b ansbyls f'? Beam Instrumentation: 60% of corsclidation >f' remaining 0%
[ Elecirical o contormities. !
Civil Eng. \[\ Civil Engineering; BAZD, 5t cell for €T3 A
of af K l ) ! Civil Eng.: EHNL, EMNZ, ECN3, BASL, BASZ )
:] ;E:;;;T'" ) / Light repairs elsewhere | .-'},-'r ¢
[\ Tech.Services: \ Technical Services: Technical Services: b
R , EL: BABO, TDCZ, TCC2, UPS, secured network e |
Irrad cables TOCE. -+ v lunderg_. wentil, chilled water, cooling station,CT2, new cooling ;:L:‘f::la;lr::r;uwwwm LTI 2
Lift for TEEE ,u'" station for converters in BABD CRG: cantrugal helium pumps IH'
Safety (remaining 5%):
Fire detection in ventilation and in false floars for
BAR1 & BARZ
- Access spstern deploymert

Consolidation Phase 2:
2029 - 2034: BA81, BA82, EHN1, EHN2 & associated beamlines

@ ©

20t March 2024 Y. Kadi | NA-CONS Project Status Report | PAW'24 3
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Eﬁw Status of the AMBER Facility preparations:
AMBER/EHNZ2 beam line upgrade: vacuum improvements.......s o veson and soryor

Experimental Research

>~ and beam line instrumentation
rff:-* VACUUM FOR DRELL-YAN PROGRAM rroJect overview

Ul e Vacuum will be improved in 33
= e . . M2 — 15t Part M2 — 209 Part
TG Locations (total length is 77 m out . o
Hem 2T 94 mMQuHAn Y 27F a H S J f 7\ e e e
1"»»__1—'\ i e . — @ o
.-_il \ WTh _'\\ TCC.2 1153 - 5 = = | 1:[ —=
'-L' \ l T"\; . o e 1:3 o o oo B B oo
e RUEET N e | S
e, = e
‘I-ll \ \ 1\\. _— ‘:EQPS 11fi.r:ans|t|nn |n<:f chambers;:cv Al L
Eﬁﬂ\m - B e A r‘ﬂ 1 T T
ii‘ 'IN'&‘N,_ ’ e ™
M2 — 1t Part M2 — 2" Part ! | M\TT\T. """"" e =E
T ey ATy New hambers needed
- e — — i PEQ { |—'j < = \ \ ["I‘ N IWindows B:an'\{ia:;tll:?n:n?;rtlioir(s;viza) to be under vacuum
prr o e g FUp— !_’_:\_'ITTTN_ No vacuum feasible
. == n!: s i "h:,é-q:‘.&.u:’“:. i @ - 1 '-—FTT‘“ Pressurized equipment (CEDAR) courtesy G. Romagnoli
o Tcc2, | 1183 gt = = mﬁ[ “ 5
s QPS 112 transition inox chambers to Al i [ WL
- - i = - . - G| Nl
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; 1 \:‘.d\h. BN TiT T\TT‘
T:} - - ‘]L—»f »- . ) | [
M2 — 31 Part M2 — 5t Part M2 - 6t Part ‘
[pper ] - : I[
;.,., w . - —g " )
S —ﬂm:l_-—f — £ e = = ‘égl ﬁ@ =
r’jj"’ 1 o n,,;ﬁl



https://www.google.com/search?q=cern+logo&client=firefox-b-d&channel=crow5&sxsrf=APq-WBvMSFlY0sjrxUHXljfRGYfeJsM1nw:1648640496271&tbm=isch&source=iu&ictx=1&vet=1&fir=OCosYJXo5RtluM%252CZUNhRJvhpog4bM%252C_%253BL4jNB0bzOl6fIM%252CeoyQSKIWwbaIZM%252C_%253BqgxT7HTe7lZiaM%252C3fc_8Du35QM9sM%252C_%253BG1p1-5OLtrtKkM%252C45X8Rz69RDhkVM%252C_%253BSb2Hf0Djzp1BvM%252CDuszXcbc6d4TtM%252C_%253BsHiaRpU3iog0gM%252CaALIXe9CKKRmuM%252C_%253B9fxYR6HQCnoHEM%252Ch5m6tc6PRtq0eM%252C_%253B9xMx5lFm7dt7SM%252C6PnkxXC5NIhJDM%252C_%253BUrQCf4Ylb3C4nM%252C6Tu1dz2RYoMCXM%252C_%253BtQ7mumN8VSNk6M%252Cci-q8QfUcHqucM%252C_%253BQWrK3kpgJZTlQM%252C8TMzDXj1nCwn5M%252C_%253B31V1ck49PpPbiM%252Cttwuj-XIr0nT0M%252C_%253BLQKPdHctaSi9cM%252Cl-6M90AjEsRI_M%252C_&usg=AI4_-kTjkc7VlCmYOeGVuGYLanIadt3KBw&sa=X&ved=2ahUKEwj1v5G54O32AhUPiv0HHfL-A6cQ9QF6BAgYEAE#imgrc=G1p1-5OLtrtKkM

CE/RW
\

N/ S

* Cherenkov Differential counter with Achromatic Ring
Focus

quartz window diaphragm light path lense vessel

lense /vapour-deposit mirror

quartz windows

condenser/diaphragm

photomultipliers

pressure vessel

corrector
alignment table

thermal insulation passive voltage divider

condenser corrector helium

CEDAR refurbishment YETS 2023/2024

The CEDAR open issues were compiled and reported at the end of the 2023 run. The two M2 CEDARSs have been prioritized and refurbished:

vapour-deposit mirror

M. Lino Diogo Dos Santos

Courtesy: K. Bernhard-Novotny

M2 - SPXCEDNO001 - CR000002
M2 - SPXCEDNO001- CR0000020

= Diaphragm — Mechanics Refurbishment

= Motor + Switches — Replacement

= Gas — Gas pipes refurbishment (correct sized shape etc.)
= Joints — Replacement

= Optics — Alignment

= XY Table — Table precision check / replacement

= Alignment — Realignment of CEDAR

For all CEDARS

= Installing new pressure sensors
= Validating new diaphragm movement algorithm
= Measuring quantum efficiency of spare PMTs — To requalify or discard the spare park of PMTs

Status of the AMBER Facility preparations:
Secondary BeaRldimprovement

1000

Apparatus for Meson and Baryon
Experimental Research

We (AMBER and CERN Beam Dep.) are
improving on both hardware (mechanics,
read out electronics) and methods.

In 2023 we run a full hadron intensity beam
test (~13 hadrons/s) for CEDARSs & new
beam telescope and for the first time we
clearly see kaon peak in likelihood
distribution
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CE/RW Status of the AMBER Facility preparation: m
) Toward at least doubling of the incoming beam intensity #eeus for Vezon and anver

Experimental Research

Study and optimisation of the shielding to: T
@ Contain the radiation i
@ Minimise the environmental impact
@ Comply with regulations
= Compatible with 2xcurrent Intensities 16 —
= ECR to be submitted e
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Status of the AMBER Facility preparations: ‘OUO-
AM BER Spectrometer Upgrades 1 Apparatus for Meson and Baryon

Experimental Research

0

New triggerless DAQ system, new front-end electronics and trigger logic
compatible with triggerless readout

New large-size Pixel GEM detectors

.
Control | 25 Gbitls Network Switches }|——cDRr
§ 3 § & 4 & 4

HLT Farm

New large-area micro-pattern gaseous detectors (MicroMegas)
High-rate-capable CEDARs detectors (beam line)

A new RICH-0 detector to extend significantly phase space coverage (lower
momenta)
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Status of the AMBER Facility preparations: UUU
C
I\E/RW AMBER SpeCtrometer Upgrades 2 Apparatus for Meson and Baryon

/77 Experimental Research

A High-pressure hydrogen filled active TPC (PRM)
A Combined scintillating fibres / silicon tracking system (4 stations) (PRM)

A Triggerless electromagnetic calorimeter electronics (PRM)

A High rate capable silicon-based vertex detector (DY)

Flange for SciFi

A New high-purity and high efficiency di-muon trigger (DY)

Flange for ALPIDE

ECAL2 DAQ Hardware — Carrier Board Il
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