COMPASS++/AMBER COMPA

A New QCD Facility at CERN SPS a

CFMS, tele-conference, Workshop on Pion and Kaon Structure Functions at the EIC, 2020/06/02

27/05/2020 Oleg Denisov 1



Outline

1. Intro/Lol COMPASS++/AMBER

2. COMPASS++/AMBER Physics case:
Emergence of the hadronic mass (meson structure)
. Proton spin structure

3. Emergence of the Hadronic Mass and not only:
 Drell-Yan =>» Vincent Andrieux
e  Charmonia production = Charles-Joseph Naim
*  Prompt photons =» Charles-Joseph Naim
*  Primakoff and Spectroscopy = Andrei Maltsev
e  Search for dark matter
*  Proton radius

4. Proton spin structure

* DVCS
 Drell-Yan
5. Upgrades
6. COMPASS++/AMBER Phase-1/2 project status

7. Summary

27/05/2020 Oleg Denisov



@\ COMPASS++/AMBER COMPASS++
) approximately 10 years-long effort, Lol is submitted in Jan. 2019 AMEBER

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, 7
for detail see COMPASS++/AMBER web page: CERN-SPSC-2019-003
. Januasrgs.,"g_liﬁig
https://ngf-m2.web.cern.ch/ http://arxiv.org/abs/1808.00848
Apparatus for Meson and Baryon Experimental Research
&« C s © & https//ngf-m2.web.cern.ch o > 270 authors
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2\ line of the CERN SPS
(_liﬁi A New QCD facility at the M2 beam line of the CERN SPS™
ORCANISETION = yor COMPASS++ /AMBER*
L
Welcome 53

B. Adams"”’ ]1, C.A. Aidala', R. Akhunzyam;w”’, G.D. A]ex_e_ev”, MG. Ale:g&_sev“, A. Amoroso’"*,
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http://arxiv.org/abs/1808.00848

COMPASS++/AMBER

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] | [s7'] | [kHz] duration
muon-proton Precision high- active TPC,
elastic proton-radius 100 4-10° 100 p,i pressure 2022 SciFi trigger,
scaftering measurement H2 1 year silicon veto,
Hard recoil silicon,
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 liquid helium
Matter Search | cross section LHe 1 month target
target spectrometer:
T-induced Heavy quark 12,20 | 5-107 25 T LH2 2022 tracking,
spectroscopy exotics 2 years calorimetry
Drell-Yan Pion PDFs 190 7-107 25 T ow 2022
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
(RF) life time 1 year
Prompt non-exclusive
Photons Meson gluon | =100 | 5-10° | 10-100 - LH2, 2026 hodoscope
(RF) PDFs T 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=, 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.
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COMPASS++/AMBER PHASE-1 COMPASS++

AMEER
Physics Beam Beam | Trigger | Beam Earliest Hardware
Program Goals Energy | Intensity | Rate Type Target | start time, additions
[GeV] [s7'] [kHz] duration
muon-proton Precision high- active TPC, P H AS E 1
elastic proton-radius 100 4-10° 100 p,i pressure 2022 SciFi trigger,
scaftering measurement H2 1 year silicon veto,
Fard , . . recoll sticon, Conventional hadron and
exclusive GPD E 160 2-10 10 L NH; 2022 modified polarised
reactions _ 2 years target magnet muon b eams
Input for Dark | P production | 20-280 | 5-10 25 P LH2, 2022 liquid helium
Matter Search | cross section LHe 1 month target
target spectrometer:
Peinduced | Heavyquark | 12,20 | 5-107 | 25 7 | um 2022 tracking, 2022 =» 2025 and beyond
spectroscopy exotics 2 years calorimetry
Drell-Yan Pion PDFs 190 7-107 25 T oW 2022
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 PHASE 2
(RF) life time 1 year
Prompt non-exclusive
6 i .
Photons Meson gluon | =100 | 5-10 10-100 K’_ LI-]_E, 2026 hodoscope Convent|0na| and RF_
(RF) PDFs T Ni 1-2 years
K-induced High-precision se p a rate d
Spectroscopy | strange-meson | 50-100 | 5- 10° 25 K~ LH2 2026 recoil TOF,
(RF) spectrum 1 year forward PID H a d ro n/H a d ron
Spin Density
Vector mesons | Matrix | 50-100 | 5-10° | 10-100 | €, %% | fromH | 2026 and muon beam
(RF) Elements to Pb 1 year
Table 2: Requirements for future programmes at the M2 beam line after 2021. Muon beams are in blue,
e T 2026 and beyond
conventional hadron beams in green, and RF-separated hadron beams in red.
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Two bearing columns of the COMPASS++/AMBER VUBER :

There are two bearing columns of the facility:

Pi K
1. The issue of the emergence of the hadron mass P Haon

2. Proton spin (largely addressed by COMPASS) @ @

FIRST, EHM: o M, ~ 140MeV o Mk ~ 490MeV o M, ~ 940MeV

How does the all visible matter in the universe come about @ Spin 0 ® Spin 0 e Spin 1/2

and what defines its mass scale? o 2 light valence o 1light and 1 “heavy” o 3 light valence
quarks valence quarks quarks

Unfortunately, the Higgs-boson discovery (even if extremely
important) does NOT help to answer this 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

Higgs generated masses of the valence quarks:
Miueq) ™ 7 MeV Mg ~ 100 MeV Mg ~ 10 MeV

u+s u+u+d

As Higgs mechanism produces a few percent of visible mass, thus the mass
scale is defined by QCD mechanisms

27/05/2020 Oleg Denisov 6



@ EHM COMPASS++
) (mass budget in proton, different QCD mechanism for Nambu-Goldstone AMBER
K bosons)

Dressed-quark mass function M(p)

';' ! | ! | ! [
@ Rapid acquisition of mass is —
=) 0.4 eﬂﬁr:t of glur.-n cloud
o + I
= 03- —m =70 MeV .
—m = 30 Mel i
—m = 0 (Chiral limit}
0.2 _

W ]
0.1 m

p[GeV]

One of the possible proton mass
decomposition (calculation on lattice)

Yi-Bo Yong et al.,
Phys.Rev.Lett. 121 (2018) no.21, 212001

27/05/2020

The proton mass in the chiral limit is close to its nominal mass,
as quark «gain» a mass evolving in to constituent one as its momentum
became smaller.

Higgs mechanism vs spontaneous

symmetry breaking mechanism

It is very different for pion and kaon (lightest
Nambu-Goldstone modes) as they are massles
in the chiral limit by definition.

Does this mean that their gluon content is equally small and different
from the proton once? =» Must Study PDFs

quark mass

quark energy

‘ Relativistic motion ‘ B-.;antum fluctuation |
|

[ VT [
ss: M=E;+E;+xm,+T,

I_’-l; Quark Energy K’Gluon Energy . wTQuark Mass | Trace Anomaly
Qcb

trace anomaly _.glue energy
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COMPASS++/AMBER physics program

the issue of the emergence of the hadronic mass (EHM)

Questions to be answered:
« Mass difference pion/proton/kaon
« Mass generation mechanism (emergent mass .vs. Higgs)

» Gluon content, especially important pion/kaon striking difference
Methods:

Drell-Yan: Prompt photon production:
o— X ”

' Wt

P ———mwr— X i

e 90's: NA3, NA10, E615
e 10's: COMPASS-II e 90's: NA24, W70

e 20's: COMPASS++ e 20's: COMPASS++

As well Charmonia production, pi/K diffractive scattering, pion/kaon polarizability

Drell-Yan: Vincent Andrieux (Tuesday)
Charmonia&Prompt Photons: Charles-Joseph Naim (Thursday)
Primakoff: Andrei Maltsev (Friday)
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N

do/dx,, (nb)

EHM COMPASS+
COMPASS++/AMBER (pion induced DY) (Vincent) AMBER

02 . @ Yy =0" ¢ —0o™ € only valence-valence
[l NA3-like experiment _
[ = 190 GeV | I — ® Ys=40" € — o™ € no valence-valence
015 [ } : } Plon structure In @ Collect at least a factor 10 more statistics
C i h I ilabl
L 3 E F ]J N - than presenty dvallable
r & e . .
o1k 3 l i . plon Ind uce DY @ Minimize nuclear effects on target side
T { { [ [1 { EXpected accuracy o Projection for 2 x 140 days of
C 1* £ {- Drell-Yan data taking
005 el as compared to NA3 o 7 to 7~ 10:1 time sharing
C ]‘ ] o 190 GeV beams on Carbon target
C . F (1.9A7,
{] L 1 L 1 L 1 L | ' L L - .
0 02 04 06 08 1 o Improvement of shielding to double
Xp the intensity is under investigation
Experiment Target type Beam energy (GeV)  Beam type  Beam intensity (part/sec) DY mass [Gn:\-’-"c“"r Y events
+ 7
s 25F FA extraction (DY =~ and # Gata] E615 20em W 152 i 176210, 405 -8.55 2000
= C — SMRS 10% sea contribution 4 18.6:x 10 30000
s e T T B SMRS 15% sea contribution -
\§ 2F e SMRS 20% sea contribution 30cm H 200 " 2.0% 10 41-85 40
o4 C ——=—— Projection for 280 days on C-target NA3 ’ : B n 3.0% 107 o 121
1.5 : 7 .
c } 6em Pt 200 T 205107 42-8.5 ol
E r 3.0%10 4961
1_
- 286 - . 42-835 7800
E 4.3<M/(GeV/c)<85 . . . . . . 120cm D, 140 4 65 10 435-85 3200
010203 04 05 08 07 08 095 1 HAl0 196 42-8.5 49600
12em W 194 ' 65 % 107 407 -85 155000
25 140 43583 29300
| V[
> C COMPASS 2015 _ ; 35000
-‘:.'J.h 2: coMPass 2015 1 0em NH; 190 T T 1388 52000
@ - [ ) ; 43-85 (21700
W sF 190 u 1.7 % 100 40-83 31000
= 5 43-85 67000
= This exp 190 4 8.5x10 40-85 91100
1= 3.8¢<M/(GeV/c)<8.5 43—
N 1 1 1 1 1 1 1 1 1 lgt} T I (J-4 * 1“7 : E]; —i i Isl:‘;':txjj
0.1 0.2 0.3 0.4 0.5 0.6 0.7y 08 0.9 1 [2em W - -
Xz 90 - L6x 107 43-85 24100
L") : 40-85 {32100 J
Isoscalar target 4+ Both positive and negative beams -+ High statistics
27/05/2020 9
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@ First ever DY measurements that could lead to kaon PDFs

@ Achievable statistics depends on beam energy and on kaon beam purity. Momertum

COMPASS++/AMBER (kaon induced DY) (Vincent) e

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

I RF1 RF2

—/ 1\ <X

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

AD = 2m (L / ¢) (Bt - By2) with Byt - By = (m2-m,2)/2p?

o 25 kevents (K™ ) and 3 kevents (K*) @ 80 GeV

Experiment Target Beam  Beam intensity  Beamenergy DY mass DY evenis
. . . . - - + - + -
Projected statistical errors after 140 days of running, e ke (pavseo) (V) GV) wum et
— —
compared to NA3 stat. errors MAS femPt K 200 #2783 T “
a0 Y 40-85 12000 [ 5000)
= 14r 70 40-85 18000 | 10900
O K™ 21%107 80 40-85 25000 | 13700
= 121 100 40-85 40000 | 17700
¥ r _
3 | — . 120 40-85 54000 K207
g : 60 : 40-85 1,000 = 600 E
0 8‘ 70 40-85 1,800 D00
s K™ 21 %10 8O 40-85 2800 | 1.300
C 100 40-85 5200 | 2000
”-ﬁ:_ == This: pr channel L 120 ) 40-85 a0 | 2400)
0.4 | This:e'e channel 60 40-E5 31,000 20,500
S ; 70 40-85 S0E00 25400
ool v o1 T I BT This exp. 00ecmC  x 4EX] 80 40-85 65500 29700
% 0.2 04 0.6 0.8 o 100 40-85 95500 36,000
120 40-85 133,600 39,800
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COMPASS++/AMBER
Charmonium (Charles)

%)
o

. . . L JAp 4 2C 190 GeV
Collected simultaneously with DY data, with large 03~ =
counting rates o
Physics objectives: N e
 Study of the J/1 (charmonia) production o
mechanisms (gg—fusion vs qq—annihilation), e ea oe 08
Compa rison Of CEM and NRQCD Experiment Target type  Beam energy (GeV) Beamtype /i events
* Probe gluon and quark PDFs of pion - . 20 e siow
. 200 ni 131000
e WY(2S) signal study, free of feed-down effect _ A
E789 [129,130] Au 0
from and x4 X, B " T
E866[131] 113: 800 p 3000000
Cu
Be 124700
NAS50 [132] ([;11 450 P 1(3)82%
Ag 132100
Method: Model depended separation of contributions ¥ i
. NAS51[133] P 450 .lmnn
from two competent processes using data collected — o
with both positive and negative beams COMPASS20IS 110y 109 - oo
75em C 190 Zi :é%%
This exp p 1500000
12cm W 190 77:’ ;%%
p 700000
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COMPASS++/AMBER (Prompt Photons) (Charles)

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)

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.

Possibilities to identify signal and reject background were tested. Some
optimization of the setup from point of the material budget was tested.

dolo
o 10"

s Kk—pm
b

y

L

-
S W' o

-

T IIIIH‘“IIII\IrIIII\:‘IHII‘”HHI;H\IIIHIH

background before and after
e n? reconstruction

ECAL2

-

0.9 : .4;"

0.8F
COMPASS

0.7 ] : NA3
0.6 A70 ‘

0.5
0.4

[ GeVic

[ Il]llllllllllIlllllllllll[lllllll




Search for Dark Matter COMEASS 4
Absolute cross section measurement p+He--> pbar+X AMBER

COMPOSITION OF THE COSMOS -New AMS(2) data — the antiparticle flux is well known now (few % pres.)

= - (http://dx.doi.org/10.1103/PhysRevL ett.117.091103)
- Two type of processes contribute — SM interactions (proton on the ISM wit
the production for example antiprotons in the f.s.) and contribution from
dark particle — antiparticle annihilation;
- In order to detect a possible excess in the antiparticles flux a good
knowledge of inclusive cross sections of p-He interaction with antiparticles in
the f.s. is a must, currently the typical precision is of 30-50%.

COMPASS++ from a few tens of GeV/c up to 250 GeV/c, in the pseudorapidity range 2.4 <h < 5.6.

We performed simulation with TGEANT (GEANT4 based COMPASS MC), using FLUKA generator or the internal
TGEANT generator: " . o

2009 COMPASS hadron setup, 190 GeV beam. o502 erp. ety — Astrophysics:

Italian contributors (new to COMPASS): - sy

AMS: P. Zuccon, F. Nozzoli (UniTN, TIFPA and INFN),
N. Masi, L. Quadrani, A. Contin (UniBO and INFN),
Theoretical Physicist: F. Donato, M. Kosmeier (UniTO

e INFN)

Goal is to measure the double differential (momentum
and pseudorapidity) anti-p cross production from p+p s}
and p+He at different proton momenta (50, 100, 190, , , , ,
250 GEV/C) 1 5 10 50 100 500

Rigidity (GV)
27/05/2020 13
Oleg Denisov
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http://dx.doi.org/10.1103/PhysRevLett.117.091103

source term contribution

COMPASS++/AMBER COMPASS++
antimatter production x-section AMBER

We show 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 as
constrained by our cross-section measurements p-p, p-He and He-p channels, compared to NA61 (p-p)
and LHCb (p-He) measurements

100-190 GeV/c

p-p channel, in three 50-190 GeV/c COMPASS++/AMBER
different energy ranges e e LHCb

COMPASS++/AMBER
NA61 (20-158 GeV/c)

100:....

e
=]

100 T T T T T T T T T T T T T 1E""I | o

JF=100—190GaV  ——-- COMPASS, pho, J= 50 —250 G&¥ o [ —— COMPASS Hop (F = 100—1900eV  ---- COMPASS, Hop, (F= 50 —250 GaV
S0-190GeV  —— NGO, g, vF= 100120 GOV [ —— COMPASS Hop (F=50—1900eV  —— LW, Hep vE= 100— 130 GeV

._.
2
-
2

107k

1071 '

—
=3
3
T
I

= =
(=] (=]
T T
\ )/
] 1
source term contribution

107 |

source term centribution

10-2

ol 1o L
10° 10! 10?2 10?

T;[GeV] T [GeV]

https://indico.cern.ch/event/820869/

T5[GeV]



https://indico.cern.ch/event/820869/
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Proton Radius Puzzle

- Barnaver et 2l Al coll. [FRL 105 2430001 (2010)]
| Pobl et al., CREMA coll. [Nature 466 213 (2010)]
- Zhan et al. [PLR 705 59 (2011)]

| Mokr et al. [Rev. Mod. Phys. 84 1527 (2012)]

- Antognini ef al., CREMA coll [Science 330 417 (2013))
| Mok et al. [Rev. Mod. Phys. 88 035000 (2016)]
- Beyeret al. [Science 358 6359 (2017)]

| Reurbasy et al [PRL 120 183001 (2018)]

- CODATA (201E)

- Mihovolovic et al. [arXiv:1905.1 1182 (2019))

| Bezginov et al. [Science 165 1007 (2019)]

- Hayan Gaoel al. [Mature (2019)]

| Proposal AMBER [SPSC-P-360 (2019)]

ep scattering MAMI - —
pp speciroscopy CREMA, -
Al ep scatiering data, no BAMI —
CODATA ——
pp spectroscopy CREMA 4
CODATA 4 —
£ SpeCITosCopYy —
gp speciroscopy —_—
CODATA 1-
ep scatbering MAMI - -
£p speciroscopy 1 ——— %
gp scatiering JLab ——&——
pp scaitering AMBER e
052 084 036 038 090
I {fm}

* Recent data points of spectroscopy and scattering experiments added
* Some trending towards the small-radius (0.84 fm) scenario

* Electron scattering analysis has determined a larger radius (0.88 fm), but newly
published PRad data shows the smaller one — to be cross-checked by other

experiments

* Precision measurement of the proton form factors, especially at lower Q2 are

urgently needed

cp

up

Spectroscopy

New measurements with
lower systematics
new transitions

v

Scattering

New measurements with
lower systematics
reaching lower Q?

ProRAD, ULQ?2,

ISR @ MESA, PRad

No data yet.

MUSE at PSI coming soon
AMBER

1.01

1.005

pole

0.995

0.99

Gr/Gsd. a

0.985

0.98

0.975

PRad data 1——i ‘ ‘
PRad fit ——
Mainz data +———

X Mainz‘fit -——-
Mainz fit, forced 7, = 0.841 fm
Arrington 07

S SRR SR R I IR

T T
. Alarcon 19, 7, = 0.841 fm  —-—--
This proposal, projected stat. errors +——

0 0.01 0.02 0.03

0.04 0.05 0.06 0.07
@ [(Gev/e)?]

15

0.08



COMPASS++

AMIBER

Proton Radius Puzzle
(Set-up and Simulations)

{only redeeant parts shown|

0.965

om 25m 30m
— N - L e L -
Incident m. / = ... Scafteredmuon )
Racoll peoton | I B
§ E = E z &
-

& 18

BN scntitating-fiber yacker TN Siicon Yackee High-p Irydrogen feve-proj ychamber | Haliumivacuum beam pips =

0995 — uncertalnty bands:  AG_ only
E ...... AG. added linearly
0.99 — e

2022. PRM SETUP =
0.985 —
0.98—

Scintilating-fiver tracker —

—— GEMs / Picol-GEMs =
B Emclromagnetcc caorrmete 0.975 —

Hodostops =

BN Magnet —
BN Concrote I 0.97 E

COMPASS spectrometer I

I
| I | Sl " | ll ll [ ‘| || | 1‘
] O.QB L 1 1 1 1 1 1 1 1 1 1 1 1 1 1 i

I 107° 1072 107!
>
s
£ ~ -

5 3 S, = e 2 ]
£3 5 2 ED £

Q° [GeV?ic?)

ag o
8E 2 5
ie @ @

statistical precision of the proposed

’ o measurement, down to Q2 = 0,001 GeV?/c?,
Cross section is normalised to the G, - dipole
form factor

16



Proton spin structure AMBER

Huge progress has been done by COMPASS on resolving spin crisis and to study 3D structure

of the nucleon in SIDIS, unpolarised DVCS and pion induced Polarised DY. The final year of the
SIDIS running with transversely polarised deuteron target is approved BY SPSC and scheduled

to 2021. This will finalise our data set to TMDs in SIDIS process.

Still new, unigue measurements can be done to access:

* Orbital momentum of quarks and gluons via polarised DVCS process
* TMDs, in particular Sivers and Boer-Mulders functions in a clean, nearly
Model independent way via antiproton induced DY

Methods: "
Drell-Yan

Ha(Fa) . — F -:FMF
g ( L (ks o
N | &
i}/ uk)
= L | &
Hy( Py, S)

I
L
b
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COMPASS++/AMBER

TMDs in antiproton induced DY AMEER
F290r . * Antiproton-induced polarised DY makes TMD’s extraction model
CRRa Pp independent
Eﬂﬂ:_ s Tp * Allows to profit from good knowledge of proton PDFs (from SIDIS)
- . and as alternative probe
150r . * permits to test TMDs universality
mu:— . . . * New data on all TMDs induced asymmetries in both High Mass and
i . J/¥ regions:
5!]:— § 1. Model independent Boer-Mulders (quark-spin — quark-k;
) correl.) extraction (CPT equiv.)
u: WIS SRS S SRS S 2. Model independent Transversity extraction
Beam eneray (GeV) 3. Lam-Tung relation for antiprotons (QCD effects)
@ cross-sections for p induced-DY at 120 GeV ~ + olvers asymmgtry (nucIeon—spm —quark—kT
) correlations) with no uncertainty from pion PDFs
m~ induced-DY at 190 GeV 5. Sivers function for gluons (J/¥ regions)
o Combined statistics from p* = and eTe™ 6.  Flavour separated TMDs extraction
channels ~ 2 years of COMPASS-II data taking 7.  EMC effects & flavour dependent EMC effects
e i
100 40-85 28,000 21,000
This exp. 110cm NHs  p 3.5 x 107 120 40-85 40,000 27,300
140 40-85 52,000 32500
27/05/2020 Oleg Denisov 18
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COMPASS++/AMBER General Upgrades

Major part of the spectrometer on floor since 2001,
substantial upgrade is required

New front-end electronics (FEE) and trigger logics that are compatible with triggerless readout,
which include an FPGA -based TDC with time resolution down to 100 ps and a digital trigger that
is capable of rates up to 100-200 kHz (Sec. 5.2.1).

New large-size Pixel GEMs as replacement and spares for existing large-area GEMs (Sec. 5.2.2).

New large-area micro-pattern gaseous detectors (MPGD) based on GEMs or Micromegas technol-
ogy to replace existing MWPCs (Sec. 5.2.3).

High-rate-capable CEDARSs (Sec. 5.2.4) for all hadron-beam programmes to identify the desired
beam particle.

The existing RICH-1 will be required by the spectroscopy programmes (Secs. 3.2 and 4.2), the
anti-matter cross section measurement (Sec 3.3), and the Primakoff programme (Sec. 4.5). A new,

high-aperture RICH-0 would be desirable for these programmes in order to identify hadrons at
lower momenta (Sec. 5.2.5).

Oleg Denisov



COMPASS++/AMBER Specific Upgrades

— muon-proton elastic scattering (more in Sec. 5.3.2): high-pressure active TPC target (similar to A2
at MAMI) or hydrogen tube surrounded by SciFis; SciFi trigger system on scattered muon; silicon
trackers to veto on straight tracks (kink trigger).

— Hard exclusive reactions (more in Sec. 5.3.3): 3-layer silicon detector inside the existing but mod-
ified transversely polarised NH; target, which operates at very low temperature, for tracking of the
recoil proton produced in DVCS, as well as for PID via dE/dx. Alternatively: SciFis.

— Input for DMS: liquid helium target.

— P-induced spectroscopy (more in Sec. 5.3.4): target spectrometer (tracking, barrel calorimeter)
similar to WASA at COSY [199]; target: LH2, foil, wire.

— Drell Yan: high-purity and high-efficiency dimuon trigger; dedicated precise luminosity measure-
ment; dedicated vertex-detection system; beam trackers; targets: ®LiD 1, and C/W.

— Drell-Yan (RF) (see also Sec. 5.3.5): due to the lower beam energy, a wide aperture will be needed
(up to £300 mrad): a "magnetised spectrometer” (active absorber) is under consideration. It could
possibly be similar to Baby MIND at JParc [200] ("3-in-1" detector, spectrometer magnet, ab-
sorber).

— Prompt Photons (RF): 20-30 cm steel absorber upstream of the target; new hodoscope upstream
of the existing electromagnetic calonmeter ECALD; transparent setup with as little material as
necessary.

— K-induced spectroscopy (RF): uniform acceptance; existing electromagnetic calorimeters; recoil
TOF detector (see Fig. 21, called “RPD" there).
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COMPASS++/AMBER — Proposal Phase-1
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@\ COMPASS++/AMBER — Phase - 1 COMPASS
2 Interactions with SPSC | AMEBER

SPSC stays for “SPS and PS Experiments Committee”

The committee was created at the end of 1989 to replace the SPSC and PSCC Committees. The mandate of the committee is to
referee the requests from the experimental teams on the basis of their physics interest and of the availability of the
accelerators. It meets 4 times a year. The SPSC recommendations are sent to the Research Board, which takes the decisions.

The Phase-1 Proposal was submitted to the SPSC in the end of September 2019, it was discussed at the SPSC
meetings in October 2019, January and April 2020.

We had two session of questions-answers with our SPSC referees, which results in ~100 page long document.
The review process is till ongoing, we still have to address few question circulated to us after April 2020 meeting
of SPSC.

VERY IMPORTANT: we receive for the first time very positive statement from the April SPSC meeting:
The physics potential of 150d mu-p elastic scattering and of a hadron-beam program for measuring the

anti-p production cross-section in p-He collision as well as for pion-induced Drell-Yan and charmonium
production have been recognized.
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http://user.web.cern.ch/User/AcceleratorServices/Machines/Machines.html
http://cern.ch/committees/rb/welcome.html
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@\ COMPASS++/AMBER — Phase - 1 COAM p_ff:ﬁ.
2 Interactions with SPSC I AMEBER

The Committee is presently not in a position of giving a recommendation for 2022 and in particular 2023++, also in
view of the impact the ESPP update and COVID-19 will have on the NA programs (more specifically in this respect
the M2 beam line programs). (ESPP — European Strategy in Particle Physics update initiative, All new proposal
have to wait till this document will became public, now classified for CERN RB internal use only).

Our expectations after several interactions with SPSC members and CERN Research Director Eckhard Elsen:

- ESPP recommendations will became public at the June 2020 Meeting of the CERN RB

-  We expect COMPASS++/AMBER Phase-1 Proposal to be recommended by SPSC in Sep. 2020

- In case of SPSC recommendation COMPASS++/AMBER Phase-1 Proposal will be approved by Research
Board in December 2020
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@\ COMPASS++/AMBER — Phase - 2 Coiw ASS+
2 input from the CERN authorities (RD E.Elsen) AMBER

In May we had a first very positive input on COMPASS++/AMBER Phase-2 (physics with RF separated
kaon/antiproton beams mostly) from CERN Authorities (RD E.Elsen)

- The idea of new (i.e. RF separated) hadron beams found a support and interest in the SPSC

- The proposal is not competing or in any case might not be conditioned by the decision on new BeamDump
facility construction in the North Area (SHIP experiment etc.)

- We were encouraged to go ahead with our plans and submit Phase-2 Proposal in a shortest possible time
(according to our plans we will submit is in the end of 2020, beginning of 2021)

Thus we will proceed in full swing with a preparation of the AMBER Phase-2 Proposal, major
part of it dedicated to the pion/kaon structure study
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Summary AMBER

* Pion and Kaon structure and Emergence of Hadron Mass study is a major goal of the
whole COMPASS++/AMBER enterprise

* We expect Phase-1 Proposal (conventional hadron/muon beams) to be approved by
the end of 2020

* We are going in full swing with preparation of the Phase-2 proposal to be submitted at
the end of 2020/beginning of 2021.
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RF separated antiproton/kaon beam — COMPASS++
.. . . . . . . ANIRIER
a missing ingredient in the spin/mass crises resolving AMEER
I RF1 RF2
/N~ —
| L
Momentum
selection Choose e.g. AD,,

“Normal” h- beam composition:

A® = 2m (L7 c) (B = P with B - By = (mt-mg®)/2p* ~97% (1) ~2.5%(K) ~0.5% (pbar)

Assumptions:

— 8 x 107 antiprotons for 10%3 ppp (10 seconds) (optimistic estimate by Lau Gatignon);

— we assume here 4 x 10%3 protons.

Antiprotons RF separated beam: 3.2 x 107 /s - Gain is a factor of 50 compared to the standard h-

beam for Drell-Yan experiment (~¥1% of h- beam 6x107 /s dominated by )

Using the same assumption for RF separated kaon beam, possible kaon beam intensity is 8 x 10°
/s - Gain is a factor of 80 compared to to the standard “spectroscopy” h- beam
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High intensity RF separated beam will provide unique opportunities for
Hadron Spectroscopy, Drell-Yan physics, Prompt Photon production etc.
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