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oproduction at AMBER
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P rOt O n P D F Apparatus for Meson and Baryon
Experimental Research

Momentum P of composite proton is shared
between constituent partons

PDFs measured experimentally

Well understood for proton

proton = 1 quark
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P rOt O n P D F Apparatus for Meson and Baryon
Experimental Research

Momentum P of composite proton is shared
between constituent partons

PDFs measured experimentally

Well understood for proton

proton = 1 quark proton = 3 quarks
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P rOt O n P D F Apparatus for Meson and Baryon
Experimental Research

Momentum P of composite proton is shared
between constituent partons

PDFs measured experimentally

Well understood for proton

proton = 1 quark proton = 3 quarks proton = 3 quarks + gluons

u

05/05/2026 MESON STRUCTURE STUDY VIA DRELL-YAN PRODUCTION AT AMBER - ZOE EARNSHAW - DIS2026



P rOt O n P D F Apparatus for Meson and Baryon
Experimental Research

Momentum P of composite proton is shared
between constituent partons

PDFs measured experimentally

Well understood for proton

proton = 3 valence quarks

2% + gluons
IR + sea quarks

proton = 1 quark proton = 3 quarks proton = 3 quarks + gluons

u
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Proton PDF Appapmgp

Experimental Research

f . ° h d 1-0 Ll LR | L LR | T LI R |
Momentum P O COmpOS|te prOtOn IS SNnare — HERAPDF20 NNLO y$='|OGeV2
between constituent partOnS _ ;ncerﬁtamhes.
xperimental
. 08 - Model .
PDFs measured experlmentally m Parameterization

xu,

.. HERAPDF2.0AG NNLO
Well understood for proton

proton = 3 valence quarks
Ry . + gluons
+ sea quarks

proton = 1 quark proton = 3 quarks proton = 3 quarks + gluons
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Pion PDF

Pion PDF relatively
poorly constrained

Limited data from
experiments with
heavy nuclear targets

Sea and gluon content
especially poorly
measured

S
=

Proton

1.0
08

0.6 [

— HERAPDF2.0 NNLO
uncertainties:

» Experimental
Model
m Parameterization
.. HERAPDF2.0AG NNLO

04F
| xg(x0.05)

0.2

u2=10GeV? |

xu,

1000

Apparatus for Meson and Baryon
Experimental Research

Pion
~0.5
X - — GRV (1992)
= I Gluon —— SMRS (1992)
X i
0.4 © JAM (2018)
D NAS3 fit
0.3
Valence
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Ka O n P D F Apparatus for Meson and Baryon

Experimental Research

Proton Kaon
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1000

Apparatus for Meson and Baryon
Experimental Research

Proton Pion Kaon
nt Kt

M, ~ 940 MeV/c* M, ~ 140 MeV/c? My ~ 490 MeV/c?

Small difference in quark content, significant difference in mass, nucleon mass
primarily from QCD - emergence of hadron mass

Further measurement of meson PDFs needed
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D re ‘ ‘ _Ya n Apparatus for Meson and Baryon

Experimental Research

Pion beam in Drell-Yan = able to
probe pion PDF

Kaon beam = kaon PDF

1
Onp =— Z/O dr, dTN fa(CENnUJ%‘) fb(x’ﬁ)/j’_%) O ab
a,b
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AMBER

Multipurpose
experiment at M2
beamline

~200 members

Successor to
COMPASS
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https://amber.web.cern.ch/

AMBER —timeline Apparggp

Experimental Research

Phase | includes ~280 days of Drell-Yan
data taking over two years after LS3

COMPASS++/AMBER _pE® W POPRY
proposal Pi?&‘& 0® /‘QQ P&
R ¥ @ &o o @Qx
AP\ Q> F S

xov® s T
‘&?? X g’ﬁo Q‘D‘:v A
e ] & Drell-Yan Phase-II (Drell-Yan) |’
\ LS-3 W, LS4 LS-5 ,
sl g /

Pilot run Phase 1 Phase 11
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AMBER —timeline Apparggp

Experimental Research

Phase | includes ~280 days of Drell-Yan
data taking over two years after LS3

COMPASS++/AMBER Py@ﬁ?‘.
proposal
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YT N

Pilot run Phase 1 Phase 11
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https://agenda.infn.it/event/47074/contributions/289201/
https://agenda.infn.it/event/47074/contributions/289182/
https://agenda.infn.it/event/47074/contributions/289182/

AMBER — beam structure

1000

Apparatus for Meson and Baryon
Experimental Research

--- T — T
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p —P

Positive and negative 1
hadron beam at 190 - -
S
GeV s;g 0_3“—-“_
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Q |
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__ 1000

Apparatus for Meson and Baryon

Target region varies by program — Experimental Research
e &S ,W. for Drell-Yan data taking, carbon,
|| tungsten, vertex detector

Target region

Hadron absorber

CEDARs for beam PID
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COMPASS DAQ AMBER DAQ
Detectors
o
If;-: Front-End Front-End
TrQoer e Data
Data Logic " = Concentrator
Concentrator - Custom
; Switch
Event
Builder DAQ PCs
ﬁrrd; Tﬁmporary

PC - storage

Permanent
tape storage

Permanent
tape storage

05/05/2026

1000

Apparatus for Meson and Baryon
Experimental Research

High precision spectrometer
New for AMBER: triggerless DAQ
Beam telescope - tag on kaons
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https://pos.sissa.it/414/
https://pos.sissa.it/414/

AMBER — Drell Yan projection 000

Experimental Research

—— COMPASS 2015 NH, data
------------- Comb. background

- . fé“!&i? For COMPASS Drell-Yan ~30% background
== Open-charm (MC) between 4.00 GeV and 4.36 GeV

-==== Drell-Yan (MC)

counts / (0.04 GeV/c?)
>

I IIHIHI &1 lllllll] | IIHIIII J HIII_LH’ I HIHII T TTTI
0
T

1 03 : Total MC + Comb. background
: AN |
RN 0 S N
- 6 8 10
M, (GeV/c?)

New silicon strip vertex detector improves vertex and mass reconstruction
— improved Drell-Yan statistics
— improved access to J/W and W’
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https://arxiv.org/abs/2312.17379

AMBER — Drell Yan projection 000

Experimental Research
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New silicon strip vertex detector improves vertex and mass reconstruction
— improved Drell-Yan statistics
— improved access to J/W and W’
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AMBER — pion PDF

With expected
statistics over 280
days AMBER
projected to
contribute precise
measurements to
the pion PDF

1000

Apparatus for Meson and Baryon
Experimental Research

Target type =~ Beam energy (GeV) Beamtype Beam intensity (part/sec) DY mass (GeV/cz) DY events
43-8.5 23000
190 1.7 x 10 3885 37000
100 cm C 2.0-85 170000
43-8.5 22000
190 6.8 x 10’ 38-85 34000
20-85 161000
43-85 7000
190 0.2 x 10’ 3.8-85 11000
24 cm W 20-85 51000
43-85 6000
190 1.0x 107 38-8.5 9000
2.0-85 48000
nC nC
+ - -
xtC nC nC n C
46" - -0 E =—0""4o0
sed val
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https://arxiv.org/pdf/1808.00848

AMBER — pion PDF L0000

Experimental Research

© 2.5 [ " [ ] NA3 extraction (DY n* and = data)
W|th expected > — ! ————— SMRS 10% sea contribution
. e w [ '] e SMRS 15% sea contribution
StatIStICS over 280 -""""-m 2 — L N Bty SMRS 20% sea contribution
D — \ Eesssssss JAM: DY + LN
dayS AMBER wn — ‘ ——&—— Projection for 280 days on C-target
projected to N 1.5
contribute precise - +
measurements to 1=
the pion PDF - 4.3 < M/(GeV/c) <8.5
0.1 02 03 04 05 06 07 08 09 X 1
T
nC nC
+ — + —
=4O.JZ'C_O.R'C =_O.EC+O.JIC
sed val
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AMBER — kaon PDF —1000°E

Experimental Research

DY cross section ratio of K+C over n+C >

Beam kaon component (~2%) allows kaon valance quark distribution
Ztr:ctutre measurements exceeding existing Difference between K* and K- = sea quark
atasets distribution
" Conventional beam ' D:% 0.4 .|-‘ —— 10% sea contribution
1 0 : )&** ,* q [ = = = 15% sea contribution
- 1 ®
.\\ \ = - = 20% sea contribution
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- 08' oo | v N j- puw channe
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0.6} O Badier 1980 S
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AMBER — charmonium Appaggp

Experimental Research

J/W polarisation: A parameter in angular distribution can distinguish between
production mechanisms, for gluon fusion A = 1, for quark-antiquark annihilation, A = -1

W’ without feed down = clean signal
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Conclusions Appaggp

Experimental Research

AMBER will perform Drell-Yan measurements with positive and negative hadron
beams

Largest pion-induced Drell-Yan sample within this decade, access to valence and
sea PDFS

Significant improvement to kaon PDF datasets

Separate charmonium measurements available

Thank you for listening!
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