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e AMBER is the successor to the successful COMPASS
experiment

» Officially approved as NA66 experiment in
December 2020

e Consists of ~200 physicists from 34 institutes

* QOperates at the M2 beamline at SPS with muon
and hadron beams 60 — 250 GeV

* Inherited, extends and modernizes the 2-stage
spectrometer of the COMPASS experiment
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AMBER experiment timeline and physics program

Phase-1: 2023 - 2031
* Approved by CERN RB in 2020
* pbar production cross section for dark

2018: Letter of Intent arXiv:1808.00848
2020: AMBER Phase-l Proposal recommended by SPSC

2021 - 2022: F|rSt p||0t run matter searches
2023: Data taking started * Proton radius measurement with high-
2026: energy U-p elastic scattering
* Meson structure measurement through
v Drell-Yan process
2021 2022 2023 2024 2025 .,.?026 2027 2028 2029
[T
Run 3 [ LongShutdownS(LSS)J Phase-Z.‘ 2031 and beyond
T T . Proposal in drafting stage

* High-intensity/purity kaon/pbar beam

2030 2031 2032 2033 2034 2035 2036 2037 2038
JFMAMJJASONDJFMAM]JASJIONDJ FIMAM 1|J|ASIONID} FMAM]JASONDJFMAMJJASOEDJiMAMJJASONDJFMAM]JASONDJ FMAMJJJASONDJ FMAMJ|J|AISON|D| under investigation
FF%FFA - Lk  Dedicated Kaon-induced Drell-Yan
measurement
2039 2040 2041 2
J|FMAM|J[J|A|SOND ] FIMAM J|J|ASOND{] FMAIM 1| J ASION . C Dlrect photon measurement
rres . * Kaon-induced spectroscopy
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AMBER beamline and apparatus
utorpmt Kt Target M2 beamline (EHN2)
‘\ Trotpr o k. © * Mostversatile beamline at CERN
* High-intensity beams of p*, ni#, K&, p
O p*: 90-180 GeV, up to 5E7/s

[No Title]
5 \\ O h*: 60-250 GeV, up to 1E9/s with
400 Gev Be o
. absorber
p beam pr' K N \ (Hadron absorber) . L. . .
fomsps | s K- \ * Intensity limited by radioprotection
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Beam: p, u, m, K, (e) Target region: program-specific Spectrometer: common for all measurements
Versatile target area for Redundant high-precision tracking

different physics program with muon identification
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Importance of the meson structure measurement

Proton
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Current status of pion structure

Chang et al., Chin. Phys. Lett. 38 (2021) 081101
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e Limited and decades-old data mostly with heavy nuclear targets: M.
E615, NA3, NA1O, etc. S e U
* Measurements convoluted with nuclear effects - 102} >y
= Cui 2020
8 :
* Valence quarks PDFs are poorly constrained I i j:”“;‘ezfozlgzo \
« \
e Sea and gluon content are essentially unknown W GRS 1995 A
0.2 0.4 0.6 0.8 1

New measurement with higher statistics are urgently needed



Beam composition

Experimental setup for Drell-Yan program
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Wide range of beam energy — currently  e.n B . geam
planning 190 GeV Beam PID
Beam intensity up to 1x10%/spill limited
by the radiation protection T

Time sharing between h*/h-=3:1
Pions and protons dominate, but kaon

accounts for ~2%
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Accessing pion structure at AMBER
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Pion gluon PDF through parallel
J/w production

* Much larger cross section leads 20x more statistics accessing
both gluon and quark content of the pion
O Largest pion-induced J/¢ sample on a light isoscalar
target, meaningful statistics shortly after data-taking
starts in 2029

* The polarization of J/i, i.e. the A parameter in the angular
distribution 1 + Acos?6, provide an independent constraint
on the relative contribution from the qgbar and gg process
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Q For ggbar, A=-1
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Kaon structure using conventional meson beam
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Small kaon “contamination” (~2%) in the convention meson
beam already gives us access to the kaon structure within
the approved beam time in AMBER Phase-|

DY cross section radio of K+C over ni+C provides the
measurement of the valance quark distribution in the kaon.
Difference between K* and K™ probes the sea quark
distribution.

One years of data-taking with conventional beam yields
data sample 3x larger than existing NA3 data
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Kaon-induced J/y production
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* Large amount of statistics collected in parallel with kaon-induced DY process
* NA3 measurement of K/m ratio showed similar behavior at higher xF, indicating softer u-valance quark distribution in kaon
At AMBER energy, production is dominated by the gg process, allowing model-dependent access to gluon distribution in kaons

* With one year of data taking at high intensity, AMBER expects to collect 25000 K- events and 32000 K* events
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Addltlonal prObe through ql prOdUCtlon NRQCD calculation from Wen-Chen
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Experimental challenges: radioprotection

To push for higher intensity, careful design

Thzm optimization of the target bunker shielding to:
e S * Contain the radiation
| « Minimize the environmental impact
* Comply with rad safety regulations

A e

Il 1.6 32m ~23m Prompt dose rate inside and next to EHN2

1 * 10° t~/spill and 240 spills/h on target Color scale according to area classification
D, e ‘[No Title]|

7
1500 10

* Simulation assuming 1E9 mt/spill, 240 spills/h on
target showed additional shielding allowed
significant improvement of the dose rates in the
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Experimental challenges: beam PID

lense /vapour-deposit mirror quartz window diaphragm light path lense vessel
. s SRR
quartz windows condenser/diaphragm |\ \ L
B |

=

photomultipliers B miai oo

pressure vessel

corrector
alignment table

passive voltage divider

condenser corrector helium vapour-deposit mirror

4000 8<0.1 (mrad) .. . . .
- * To harness the limited kaon statistics from the conventional
§ hadron beam, efficient beam PID is key
3000}~ Pions Kaons .
B max at * Two CEDAR detectors for beam PID are completely refurbished by
- 70000 CERN and will be tested again in 2026
B _ * COMPASS developed likelihood method to beam divergence to
s E’;F;ﬁd;rtgi; improve the beam PID efficiency
i  AMBER took additional test data to verify the detector and
d L analysis method works at high intensity
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Experimental challenges: mass/vertex resolution

* A new silicon strip vertex detector right after the - T COMPASS 2015 NH, da E A e e e oo
. . s| e Comb. background 10° B2 i S j:'mb.ba:kg d
last carbon target to improve the vertex and mass Y oy o My i) 2 e
. 8 ]04 i_..‘._L :.. :- :- Of:n-cl;.;rm (MC) 10% = ._:" seeeeees Drell-Y:
reconStrUCtlon . ér ]03 _':- . ?o(-il] ;’f[C -E-Mc‘ignb hackground» 3; \
* Prototype detector just completed beam test at SO : R
Z 107 e I 107 %\Fomq“-.%m
CERN, and full detector planed for the long run gL P i »
10} ENN i sl
after LS3 AN B R T N
‘, 4 6 8 10
M, (GeV/c) e

Preliminary simulation shows that the addition of vertex
= _ ' i e B detector improves the mass resolution from ~200 MeV down
: 2 His 1| to 100-150 MeV, the vertex resolution from ~12 cm down to

<3cm

* Allows a lower mass cut for DY (4.3 GeV -> 4 GeV)

* Suppresses the combinatorial background through tighter
vertex cut

* Might even allow us to access low-mass DY events

* Enables clean access to ¢’



Summary and outlook

AMBER’s DY program in the approved Phase-I will provide the
largest pion-induced DY and charmonia data sample within
this decade.

O Simultaneous access to the valance, sea and gluon content inside
the pion

0 Complementary to and constrains the EIC measurements in the
next decade

With conventional meson beam, kaon-induced data collected
in parallel to the pion remains competitive (6x larger than NA3
data set after 2 years)

Tremendous ongoing effort by CERN and AMBER collaboration
to improve the beam intensity and spectrometer capabilities —
expect 2-3x more statistics when we start the 2-yr production
running after long shutdown
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News » News : Topic: Physics

Voir en frangais

Meet AMBER

The next-generation successor of the COMPASS experiment will measure
fundamental properties of the proton and its relatives

8 MARCH, 2021 | ByAna Lopes

https://amber.web.cern.ch/
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