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) AMBER
/) approximately 10 years-long effort, Lol is submitted in Jan. 2019

N7

EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH

)

We have started to work on physics program
of possible COMPASS successor ~ 10 years ago,

A Number of Workshops has been organized, ~
for detail see AMBER web page: CERN-SPSC-2019-003
SPSC-1-250

. January 25, 2019

https://nqf-m2.web.cern.ch/ http://a rxw.org/a bS/1808.00848 w
Apparatus for Meson and Baryon Experimental Research

_ (] Welcome | COMPASS++/AMBE X
“ cC a8 © & https://naf-m2.web.cern.ch > 270 aUthorS

B CERN, JINR El INFN&DOC B Notizie El banking B pogoda El viaggi E casa B slovari El Auto B telefy
CERN

COMPASS++/AMBER
(iw A new QCD facili/ty at the M2 beam HOME DOCUMENTS WORKSHOPS Letter Of Intent:
SZ~\ line of the CERN SPS '
A New QCD facility at the M2 beam line of the CERN SPS”
ORGANISATION ~ :
COMPASS++ /AMBER*

Welcome

[hep-ex]| 25 Jan 2019

B. Adamsmé, C.A. Aidala', R. Akhunzyan_ov”, G.D. Alexe_ev”, M.G. Ale:gc_aev41 a8 Amoroso_“’“,
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http://arxiv.org/abs/1808.00848

07/06/21

AMBER (Apparatus for Meson and Baryon Experimental Research)
A New QCD Facility at CERN SPS M2 beam line

Physics Beam | Beam | Trigger | Beam Earliest Hardware
Program Goals Energy | Intensity | Rate Type Target | start time, additions
[GeV] | [s'1 | [kHz) duration
muon-proton Precision high- active TPC,
elastic proton-radius 100 4-10° 100 g pressure 2022 SciFi trigger,
scattering measurement H2 1 year silicon veto,
Hard recoil silicon,
exclusive GPDE 160 210 10 u* NH; 2022 modified polarised
reactions 2 years target magnet
Input for Dark | 7 production | 20-280 | 5- 10° 25 p LH2, 2022 liquid helium
Matter Search | cross section LHe 1 month target
target spectrometer:
P-induced Heavy quark | 12,20 | 5- 10’ 25 7 LH2 2022 tracking,
spectroscopy exotics 2 years calorimetry
Drell-Yan Pion PDFs 190 7-10 25 - oW 2022
1-2 years
Drell-Yan Kaon PDFs & | ~100 10° 2550 | K~,p NH;, 2026 "active absorber”,
(RF) Nucleon TMDs CwW 2-3 years vertex detector
Kaon polarisa- non-exclusive
Primakoff bility & pion | ~100 | 5- 10° >10 - Ni 2026
(RF) life time 1 year
Prompt non-exclusive
Photons Meson gluon | >100 | 5-10° | 10-100 | K* LH2, 2026 hodoscope
(RF) PDFs o Ni 1-2 years
K-induced | High-precision
Spectroscopy | strange-meson | 50-100 | 5- 10° 25 K~ LH2 2026 recoil TOF,
(RF) spectrum 1 year forward PID
Spin Density
Vector mesons Matrix 50-100 | 5-10° 10-100 | K, 7~ | fromH 2026
(RF) Elements to Pb 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.
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Conventional muon/hadron
M2 beams

I RF1 RF2

Momentum =

selection

Choose e.g. AD,,

AD = 27 (L £/ c) (B - Byrt) with By - By = (my2-m,2)/2p?



AMBER science questions

There are two bearing columns of the facility:

1. Phenomenon of the Emergence of the Hadron Mass Lion ch
2. Proton spin (largely addressed by COMPASS and @ @
others, Phase-2)
o M, ~ 140MeV o My ~ 490MeV o M, ~ 940MeV
EHM: e Spin 0 e Spin 0 e Spin 1/2
How does the all visible matter in the universe come about ® 2 light valence o 1light and 1 "heavy” o 3 light valence
quarks valence quarks quarks

and what defines its mass scale?

i ) . Higgs generated masses of the valence quarks:
Unfortunately, the Higgs-boson discovery (even if extremely Moy ™ 7 MeV Mg ~ 100 MeV Misosa ~ 10 MeV
u+ u+s u+u+

important) does NOT help to answer the question:
v’ The Higgs-boson mechanism produces only a
small fraction of all visible mass
v’ The Higgs-generated mass scales explain neither
the “huge” proton mass nor the ‘nearly-

masslessness’ of the pion /\ ( /\

As Higgs mechanism produces a few percent of visible mass, o
Where from the rest comes?

07/06/2021 Oleg Denisov 5



EHM phenomenon
(what is an underlying mechanism?)

Intuitively one can expect that the answer to the _
question lies within SM, or strong QCD. As quark can emit and absorb gluons

Why? Because of the dynamical mass generation in It acquires its mass in infrared region
the continuum QCD because of the gluon “self-mass-

generation” mechanism, so the visible

: os213 Truly mass from nothing phenomenon: (or emergent) mass of hadrons must
. e Initially massless gluon produces dressed gluon .
fields which “generates” mass function that is be dominated by gluon Component
33 Gluon propagator ... large at infrared momenta
= continuum and lattice S T T ' I ' I
2 QCD agree Dynamical mass generation in continuum 8 0.4 R;pid acquisition of mass is a
: quantum chromodynamics o effect of gluon cloud
J.M. Cornwall, Phys. Rev. D 26 (1981) 1453 ... ~ L i
0 5 : 5 > 4 1000 citations = 0.3 —m =70 MeV al
k [GeV] —m = 30 MeV i

—m = 0 (Chiral limit)

0.2 il

In order to “prove” that the QCD underlies the EHM phenomenon i
we have to compare Lattice and Continuum QCD calculations with 0.1 W
experimental data by measuring: i Mm
1. Quark and Gluon PDFs of the pion/kaon/proton 0 : [ — ]
2. Hadron’s radii (confinement) Y ! £ 2

. a. onsra o € (Constituent quarks) p[GeV]
3. Excites meson states spectra
4. Dressed-quark mass function M(p)

07/06/21 Oleg Denisov 6



@\ EHM phenomenon
v) does it enough to study proton to understood SM?

Mass Budgets

The answer is obviously NOT (SM paradigm): proton 5%

* proton is described by QCD ... 3 valence quarks

e pionis also described by QCD ... 1 valence quark
and 1 valence antiquark

* expectm,=1.5xmg..but, instead m, =7 xm,

Proton and pion/kaon difference:
e At chiral limit the mass of the proton remains
basically the same
e Chiral limit mass of pion and kaon is by definition “0”
(Nambu-Goldstone boson)
* Different gluon content expected for pion and kaon

 Interplay with Higgs mechanism is different = S

kaon 80%

Thus it is equally important to study internal structure and dynamics proton 94%

of Pions/Kaons and protons o
W chiral limit (EHM) ™ EHM+HB [ HB

07/06/21 Oleg Denisov 7



@\ AMBER physics program
> the issue of the emergence of the hadronic mass (EHM)

Questions to be answered:
A series of workshops entitled

» Mass difference pion/proton/kaon “Perceiving of the EHM through
« Mass generation mechanism (emergent mass .vs. Higgs) AMBER@CERN(SPS)”:
* Internal quark-gluon structure and dynamics, https://indico.cern.ch/event/1021402/
especially important pion/kaon/proton striking differences
Methods:
Drell-Yan and J/ ¥ Prompt Photon Production Diffractive scattering Hadron radii

07/06/21 Oleg Denisov 8
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AMBER (PHASE-1 — approved by CERN RB on 02/12/2020)

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 g pressure 2022 SciFi trigger,
scattering measurement H2 1 year silicon veto,
Hard recoll silicon,
Conventional exclusive GPD E 160 | 2-10’ 10 p* NH] 2022 modified polarised
reactions 2 years target magnet
muo n/ h d d ron Input for Dark | 7 production | 20-280 | 5- 10° 25 p LH2, 2022 liquid helium
Matter Search | cross section LHe 1 month target
M 2 b €ams target spectrometer:
P-induced Heavy quark | 12,20 | 5- 10’ 25 7 LH2 2022 tracking,
spectrosco exotics 2 vears calorime
Drell-Yan Pion PDFs 190 7-10 25 n C/wW 2022
1-2 years |
Drell-Yan Kaon PDFs & | ~100 10° 25-50 | K=.p NH;, 2026 "active absorber”,
(RF) Nucleon TMDs CwW 2-3 years vertex detector
Kaon polarisa- non-exclusive
Primakoff bility & pion ~100 | 5-10° >10 | B Ni 2026
1 RF1 RF2 (RF) life time 1 year
—~ TP <@IX —~ — Pom ron-exclusve
Morlner:um = Photons Meson gluon >100 | 5-10° 10-100 K i LH2, 2026 hodoscope
SelscTion Choose e.g. AD,, (RF) PDFs T Ni 12 years
A® = 2r (L f / ) (B - B, ) with By - B, = (m,2-m,2)/2p? K-induced High-precision
Spectroscopy | strange-meson | 50-100 | 5- 10° 25 K~ LH2 2026 recoil TOF,
(RF) spectrum 1 year forward PID
Spin Density
Vector mesons Matrix 50-100 | 5-10° | 10-100 | k=, z* | fromH 2026
(RF) Elements to Pb 1 year

07/06/21

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.
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PHASE-1

Conventional hadron and
muon beams

2022 =>» 2028

PHASE-2

Conventional and RF-
separated
Hadron/Hadron
and muon beam

2029 and beyond
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NS

EHM
AMBER (pion induced DY)

do/dx,, (nb)

02 ; @ Xy =0" € —0o™ € only valence-valence
N NA3-like experiment
H © 190 GeV __pswGG_ iwa Gl &
- | B im ) ) ) @ Ys=4o o™ ~: no valence-valence
015 [ ] fo P|On Stru Ctu re in ° Chollect at Iezlast a f.Tc:)L'or 10 more statistics
- 3ol }‘ ]l . . than presently available
01 E 3 o : plon Ind uce DY @ Minimize nuclear effects on target side
s { I [ [1 ] Expected accuracy o Projection for 2 x 140 days of
C {‘ E {, Drell-Yan data taking
005 - el as compared to NA3 o * to 7~ 10:1 time sharing
C }' } o 190 GeV beams on Carbon target
— L]
0 B E, 1 I | 2 (1'9)\'2;" Slseiian
0 02 04 06 08 1 ° Impl"ovemgnt.of shueld‘lng to d01_1ble
Xy the intensity is under investigation
Experiment Target type  Beam energy (GeV)  Beam type  Beam intensity (part/sec) DY mass (GeV/c®) DY events
s 25071 =1 NAS extraction (DY = and 7 data] | E615 20em W 252 x 176x 10 4.05-8.55 2000
o7 Eo\ n 18.6 % 10 30000
\§ 2 30cm H, 200 z ig : ::: 41-85 14101
A = NA3 X 2 =
1.5 . -
E 6cm Py 200 x, sals 42-85 Ll
E n 3.0 107 4961
= 286 42-85 7800
2 o 7 2-8.8
E 4.3<M/(GeV/c)<8.5 : : . . : : 120¢m D, 140 % 65x 10 435-85 3200
01 02 03 04 05 06 07 08 09 X,J NA1Q 236 42-85 49600
12em W 194 ' 65% 107 407-85 155000
e 140 435-85 29300
E 2.\1_ = R
A E oS 201 110¢m NH; 190 " 7.0% 107 43-8.5 s
S oF OMPASS 2 52
@ C 13-
[N} c 190 =t 1.7% 107 15_22 3:(7)38
= - 43-85 67000
- This exp i x 6810’ 4.0-85 91100
1= 3.8¢<M/(GeVIc)<8.5 43~
B . : . : . : : : ; 190 x* 0.4x107 jg ~ i; lsf.,%
0.1 02 03 04 05 06 07 08 09 1 12em W —
Xz - - G 43-85 24100
ol 0. 40-85 32100

Isoscalar target + Both positive and negative beams + High statistics
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@ AMBER (kaon induced DY)

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

I RF1 RF2
o First ever DY measurements that could lead to kaon PDFs —/l_l\—e.@m—
@ Achievable statistics depends on beam energy and on kaon beam purity. Momentum L
Assuming 1=7 x 107 s~! with 30% kaons: selection Choose e.g. AD,,
o 40 kevents (K~) and 5 kevents (K*) @ 100 GeV A® = 210 (L / ) (B - B,2) with Byt - Byt = (my2-m,2)/2p?
o 25 kevents (K™) and 3 kevents (K*) @ 80 GeV
Experiment Target Beam  Beamintensity Beamenergy DY ma.r;s DY events
. . . . < - - -
Projected statistical errors after 140 days of running, e e ) ol SR oo N b

compared to NA3 stat. errors et i Sl o i s
60 ) 40-85
< 14 70 40-85
= - 2% 80 40-85
’33,‘ 1.2 100 40-85
g This exp. 100cm C % Sl
Ly I &0 40-85
. 70 40-85
0.8 Kt 21X%100 80 40-85
. 100 40-85
0'6:_ wegms This: u” channel \ 120 J 40-85
L, [T 60 40-85
| ; 70 40-85
0.2 I S This exp. 100cmC =~ 4.8X10 80 40-85
% 0.2 0.4 06 0.8 K I Rege
120 40-85
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AMBER
@ Charmonium

Collected simultaneously with DY data, with large
counting rates

100 GeV

190 GeV

_dofdx,. (ub)
_dofdx. (ub)

Physics objectives:

 Study of the J/1 (charmonia) production
mechanisms (gg—fusion vs qq—annihilation),
comparison of CEM and NRQCD

* Probe gluon and quark PDFs of pion
(arXiv:2103.11660v1 [hep-ph] 22 Mar 2021)

« W(2S) signal study, free of feed-down effect ualinbsbialinislalinlisl S A

0 01 02 03 04 05 06 07 08 09 0 01 02 03 04 05 06 07 08 09

from and X, X o X
~ N =N L
< [GRV/CTEQ6L < [JAM/CTEQ6L
£ Jp 7 +12C 190 GeV N Jp 7 +12C 190 GeV
" "
%’102 — Tot %102 = — Tot
o — 99 o — g9

— qq — aq

Method: Model depended separation of contributions
from two competent processes using data collected
with both positive and negative beams

105—




AMBER
@ Charmonium

N

g Jhp 7 +12C 190 GeV Experiment Target type  Beam energy (GeV) Beam type J/y events
5 o 150 n 601000

b -
210 - - 2: NA3 [76] Pt 280 n 511000
- nt 131000
Improved CEM, i 200 - 105000
CT10 + GRS99 glObal Cu 200000
} ) 10} E789 [129, 130] A - TT000

fit for prot./pion : . P
C Be 45000

L Be
5 = @ E866 [131] Fe 800 p 3000000
S Cu
E Qb e e % l
@ l Be 124700
0z 04 06 08 x oy 109700
' R NASO [132] Cu 450 p 130600
& Ag 132100
> -
< [ J 7+ '2C 190 GeV \ud Licdal
p 301000
NASI [133] d 450 p 312000
HERA-B [134] C 920 p 152000
COMPASS 2015 - 1000000
compass 2018 | 10cm NH; 2l a 1500000
~ nt 1200000
i 75c¢m C 190 n 1800000
-0.5¢ - p 1500000
— GRV This exp

- 4
i ——— e 500000
L 12cm W 190 n 700000
_ 1 1 1 ] 1 1 1 | 1 1 1 | 1 1 1 | 1 1 700000

o 02 04 0.6 0.8 >

Xg Oleg Denisov



@\ AMBER
/) Prompt Photons

At the moment there is no experimental information about gluon contribution in kaon.
Calculations based on Dyson-Schwinger equations predict 6 times smaller contribution
at hadronic scale in respect to pion (Phys. Rev. D93 (7) (2016) 074021)

-
x

Pythia-based MC simulation for prompt photons production was used
for preliminary estimation of kinematic range accessible at COMPASS. It

was compared with corresponding ranges accessible by previous
experiments with pion beams.

COMPASS

Possibilities to identify signal and reject background were tested. Some

optimization of the setup from point of the material budget was tested. ' T -
: § ﬂz K4m do/c ' :

events /0.25 GeVic
3 3 3
Ty /|¢ L]
Py GeVic

MC-based z° background

,

Il ::ﬂ ‘l

uilnhﬂ!”!‘”l.
5

background before and after
o & 7° reconstruction

| I 1 | I
15 2 25 3 35 4 45 5 55 6 L 2 3 35 4 45 5 i
r = p,, GeVic

. " “\-.1";,:
AMERA ~ oA
LH, target = ! . nﬁ‘:
3 /.
> 4 oy
“ ’K/ ECALO




Hadron spectroscopy AMBER (kaon beam)

@ Binding of quarks and gluons into

hadrons governed by low-energy (("; \ EE PDG 2016: 25 kaon states below 3.1 GeV /c2
long-distance) regime of QCD N 4 Decp Inlastic Scatiering : . .
Congraistance) regt Q oall o v ampnmin T | @ Only 12 kaon states in summary table, 13 need confirmation
@ Least understood aspect of QCD == Heavy Quarkonia ) i o
: T ‘ @ Many predicted quark-model states still missing
o Perturbation expansion in as not
) 0.3 .
applicable @ Some hints for supernumerous states
o Revert to models or numerical
simulation of QCD (lattice QCD) & EE L I I R
@ Details of binding related to hadron : =i
01 : ] ==
Lnszes =QCD ts(My) =0.1184 2 0.0007 : r ‘ ‘ g i
o Only small fraction of proton mass 1 0 Gev] @ == | T mim —— |
explained by Higgs mechanism SN . : P 1
= most generated dynamically = T .
Hadrons reflect workings of QCD at low energies é |
Measurement of hadron spectra and hadron decays gives valuable i
input to theory and phenomenology §
—;— H i H i H H H i H i
h- hy I N S S S S S S S
s - ht N kR ks

< [Courtesy S. Wallner, TUM]

IP Boris Grube, TU Mainchen Hadron Spectroscopy with Kaon Beam

Ptarget Precoil

Many kaon states need confirmation

D Y T = o Little progress in the past
o
1Irractive production or excite aon states at decay Into S Mol et 30, e old

K- ntn~
T : . e Since 1990 only 4 kaon states added to PDG (only 1 to summary
@ Beam-particle ID via Cherenkov detectors (CEDARSs) table)

e Ca. 50x more 7t~ than K~ in beam

@ Final-state PID via RICH detector

o Distinguish K~ from 71~ over wide momentum range

07/06/21 15
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Hadron spectroscopy AMBER (kaon beam)

= o K-
Kbeam \\ - X /:/ 7.[+

\ 7'(_
Pl
Ptarget Precoil
10°
g COMPASS 2008 negative hadron beam
@ From 2008 data taking G Kp—Ks'xp_,
Campaign o :_ not acceptance corrected
@ 270000 events 100
@ 007 < t' < 0.7 (GeV/c)? iy
@ Exclusivity ensured by E
measuring recoil proton 40—
o Also suppresses target 20
excitations B pory ey dhtiben
- 160 165 170 175 180 185 190 195 200

Energy(K =* m)IGeVl

Future program
@ Goual: collect 10 to 20 x 10® K~ T 7~ events using high-intensity
RF-separated kaon beam

o Would exceed any existing data sample by at least factor 10
o High physics potential: rewrite PDG for kaon states above 1.5GeV /c?
(like LASS and WAO03 did 30 year ago)
@ Precision study of K7t S-wave
@ Requires experimental setup with uniform acceptance over wide
kinematic range (including PID and calorimeters)

@ No direct competitors

Work in progress: improving analysis

@ Improved beam PID + data sample from 2009 run
= ca. 8 x 10° K-t 7t~ events
= world’s largest data set (4 x WAO03)

@ Improved PWA model = clearer resonance signals

@ Resonance-model fit = extraction of K~ 77t~ resonances and
their parameters

Measurement of kaon
Compton scattering via the
Primakoff effect and an RF
separated beam for
determination of the kaon
polarisability, and kaon-
photon induced strange
meson production

o

07/06/21
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Proton-charge Radius Measurement at AMBER
(confinement, EHM)

ep scattering MAMI - —_— - Bernaver et al. A1 coll. [PRL 105 242001 (2010)] ep Mp
up spectroscopy CREMA - - Pohl et al., CREMA coll. [Natur 466 213 (2010)]
All ep scatiering data, no MAMI - —_— - Zhan et al. [PLB 705 59 (2011)] )
New measurements with
CODATA A —— - Mobr et al. [Rev. Mod. Phys. 84 1527 (2012)] i
up spectroscopy CREMA - [ Antognini et al., CREMA coll. [Science 330 417 (2013)] SPCCU’ 0scopy lower systematics /
CODATA A — - Mok et al. [Rev. Mod. Phys. 88 035009 (2016)] new transitions
€p Spectroscopy - C—— - Beyeret al. [Science 358 6359 (2017)) :
£p SpeCroscopy - o L Reurbaey et al. [PRL.120 183001 (2018)] New measurements with
CODATA 4 - | CODATA (2018) lower systematics No data yet.
ep scattering MAMI - . | Mihovolovic et al. [arXiv:1905.11182 (2019)] . reaching lower Q2
ep spectroscopy{ ——e—— - Bezginov et al. [Science 365 1007 (2019)] Scattel‘lng ProRAD, ULCLZ, MUSE at PSI coming soon
ep scattering JLab { ———&——— - Hayan Gaoet al. [Nature (201?)] ISR @ MESA, PRad :_AIJBER"—
up scattering AMBER - —_— [ Proposal AMBER [SPSC-P-360 (2019)] Dl
0I82' ' 'OI&‘I' ' 0'86 ) '0l88' ' '0I90
rp (fm)
e h:::: ::: E IM:Im fit, fnrclld r,AT"l:"}A,‘B:l’nl:lfgv; Z:_—_»-: IT|'|Ii pvn;ﬁ;‘a’ﬁn;nﬁgk‘ki?hofgg }_—-_—<L dG (Q2)
L1 - g <rp2>=_6h2.—E
Loos rp=0.831 fm dQ?
- I PRad -0
1 -
Fome |5 do"P=#  4zq? B -t (s—m?) 2
s | RS enRlLC TR i 2 R R(€G§+TGA24) €=— T= Qz
Pl R oj.c RGeS . } i do ) Py -7 (s - 2mX(1 +'r)) (4mp)
0.985 F-t _I . K
» - 14 « Suppress magnetic form factor G2
" [ comPASs++/AMBER gl — Requires 7 — 0
oo eI T T T T o= 0879 rp=0.841 fm o 1 — Measurement at low-Q2 values of 6(<10-2)
"o oo o o .“:12“. o ots s o o « Measurement at high-energy 6(10 - 100 GeV)
— Results in e — 1
f et P Cross-section directly proportional to Gg2
statistical precision of the proposed measurement, down - HEE .
to Q2 = 0,001 GeV?2/c?, Cross section is normalised to the
17

Gp - dipole form factor



@\ Proton-charge Radius Measurement at AMBER

) (confinement, EHM)
Preten R B I eeoe L o A number of experiments are on the way in different laboratories
OtOI‘I o There is a synergy between PRES at MAMI (E, = 720 MeV) and AMBER (Ex = 100 GeV/):
|us o The same type of active target (hydrogen filled TPC) will be used for both

experiment
o The same Q?range will be covered (10-3- 4x10-2 GeV?)
o Mutual calibration of the transferred momentum

|MES£« o Significant advantage of the AMBER measurement is much lower radiative corrections:
ooy for soft bremsstrahlung photon energy Ey/E,..m ~ 0.01 QED corrections amount to ~15-
20% for electrons and to ~1.5% for muons (AMBER will be able to make a control
PAUL SCHERRER INSTITUT . . .
—ty— measurement with Electromagnetic Calorimeters).
n LJ__ '
i TE———_E @-meer

If compared to the another muon scattering experiment at PSI MUSE:
* Much cleaner experimental conditions (pure muon beam with less
than 10°® admixture of hadrons)

MUSE

Uncertainty on G g

*  Much higher beam momentum, thus contribution from magnetic - ULz
form factor is suppressed (100-200 MeV/c vs 100 GeV/c) : N
* Small statistical errors achievable with the proposed running time ! ™ - T

18



@\ AMBER - New EHM-related ideas:

) PDA and meson radii
. e C.R.: Precise measurements of pion and
I /°:§‘;'“ kaon radii will reveal the compositeness (confinement)
|. scale for (near) Nambu-Goldstone bosons.
__________________________________ | 8
AT _ﬁ g Very few data on mesons radii:
;ﬁﬁgﬂ?ﬁ?m ro=oaromm ¥ 1 {1 - ~ S. R. Amendolia, et al., A Measurement of the Space - Like Pion
o Electromagnetic Form-Factor, Nucl. Phys. B 277 (1986) 168.
|. M. Gough Eschrich, et al., Measurement of the Sigma- Charge
statistical precision of the proposed measurement, down Radius by Sigma- Electron Elastic
to Q2 = 0,001 GeV?/c?, Cross section is normalised to the Scattering, Phys. Lett. B 522 (2001) 233
Gy - dipole form factor S. Amendolia, et al., A Measurement of the Kaon Charge

Radius, Phys. Lett. B 178 (1986) 435.

oK We are studying know the
g feasibility of such an experiments
using AMBER'’s high
intensity pion and kaon beams

07/06/21 Oleg Denisov 19



20 B.,"‘ %, | Higgs Mass

Emergent Mass |

0 02 04 06 08 1
X
Where x is a fraction of hadron’s
longitudinal momentum carried
by the quark in the imf.

AMBER - New EHM-related ideas:
PDA and meson radii

C.R.: Pion and kaon distribution amplitudes (DAs) nearest thing
in quantum field theory to a Schredinger wave function;
consequently, fundamental to understanding = and K structure.
Modern theory predicts that EHM is expressed in the x-
dependence of pion and kaon DAs.

A solid (green) emergent mass generation is
dominant (pion);

B dot-dashed (blue) curve: Higgs mechanism is
the primary source of mass generation (C-
meson);

Fermilab E791 the only experimental data C solid (thin, purple) curve (asymptotic prole,
In di-jets production by 500 GeV n~beam 6x(1 - X);

AMBER case:

Because of the relatively small beam energy we can obtain information on meson DAs via

di-meson final states:

- Only first Melin momentums of Das
- Two additional LFWFs (diagram at the right):

- Additional k—ls suppression to the cross section

t

- Integration over the loop means pointwise information on x-dependence il lost
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AMBER — Phase - 1
Running plan

We will start AMBER Phase-1 program with proton radius measurement, then antimatter

production cross-section and Drell-Yan:
PRM: 2022-2023

AMP: 2023-2024

Drell-Yan: starting 2024

2021

2022

Title 2023 2024
v 1) Jlab 12 ¥
 1.1) Sullivan process

» 1.2) Barions

2030

2031 2032

2025 2026 2027 2028 2029

v 2) AMBER v
» 2.1) AMBER Phase-1
 2.2) Long Shutdown 3
» 2.3) AMBER Phase-1 (cont)
» 2.4) Long Shutdown 4
+ 2.5) RF-separated beam available
» 2.6) AMBER Phase-2

Phase-1

Long Shutdown 3

Phase-1
Long Shutdown
FR-separated

- 3) EIC
- 4) EicC
- 5) GSI (PANDA)

07/06/21
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@\ EHM through experimental studies
7

Title 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 (
v 1) Jlab 12 r
» 1.1) Sullivan process
+ 1.2) Barions T
v 2) AMBER v

» 2.1) AMBER Phase-1

» 2.2) Long Shutdown 3

» 2.3) AMBER Phase-1 (cont)

* 2.4) Long Shutdown 4

+ 2.5) RF-separated beam available

Long Shutdown 3
Phase-1
Long Shutdown 4

FR-separated beam

» 2.6) AMBER Phase-2 Phase-2
*3) EIC I
- 4) EicC .
* 5) GSI (PANDA) [
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Summary: AMBER at CERN-SPS

A wide and extremely competitive physics program brought together, strong interest
in the hadron physics community

Main bearing column of the AMBER is Emergence of the Hadron Mass phenomenon

Our knowledge on pion structure will be much improved after AMBER Phase-1
measurements

Radio-frequency separated high intensity kaon beam is unique instrument for kaon
structure/spectroscopy study at AMBER Phase-2
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