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The parton model

* How can one access the inner structure of the proton?
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The parton model

* How can one access the inner structure of the proton?

1.  Small projectile on proton : Deep
Inelastic Scattering (DIS)

', K
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The parton model

* How can one access the inner structure of the proton?

1. Small projectile on proton : Deep . Smash protons together (e.g. Drell-
Inelastic Scattering (DIS) Yan)

', K
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The Drell-Yan process

 Production of a lepton pair (¢ e, u* 1 7) in initial hadron-
hadron collision: gg —> Z, y* — [7]~ at leading order

(LO)

 (Cross-section computation available up to NNLO for
theoretical comparison with data

* High sensitivity to parton distribution of the colliding

hadrons

6AB—>X — dea d‘xb ][a/A(xaa Q2) f}Q/B(xba Qz) 0ab—>X(xa9 xba Q2)

)
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Parton Distribution Functions (PDFs)

* Describe momentum distribution of partons

inside hadron as function of Bjorken-x V NNPDF 3.1 NNLO Q= 2.0 GeV
0.6 - g/10

» With LHCb, Possibility of reaching very low-x with ; o

forward geometry: o
0.4 -

> Sensitivity to sea-quark and gluon PDFs 03 -
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» At LO in collinear factorisation: 0.1-
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https://arxiv.org/abs/1706.00428

The LHCb experiment in Run 3

& | HCb-TDR-12

tracking stations:
UT & SciFi

VErtex LOcator ECAL
(VELO)

HCAL

Magnet SciFi RICH?2 M2
Tracker -

T //RICHT - CTAHT N L \
704 UT \

Vertex
Locator
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https://arxiv.org/abs/2305.10515

Low Mass Drell-Yan studies at LHCDb

* Drell-Yan production in the mass range
3 < m,, <60 GeV/c” Run3 data at LHCb .

Fixed-target DIS

106 ®  Collider DIS
» Access unexplored kinematic region in the x, Q% *  FUREpu I
6 . @ Fixed-target DY
plane down to x =~ 10 _» A ColidesDV
NE 10° Jet production
* Constrain PDFs and TMDs at low-x in p-p 3 107 % Top production

* Feasibility of preequilibrium dilepton measurements o
in Pb-Pb: o

10_2.1.1’/]/... il il i :
- direct experimental access to the pre-equilibrium stage LA A L M
X

p-p would act as a reference to estimate DY background
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Low Mass Drell-Yan studies at LHCDb

* Drell-Yan production in the mass range
3 < mW < 60 (}G\/Y/C2 Run3 data at LHCDb o e e i e R i 7

Fixed-target DIS
Collider DIS
Fixed-target SIDIS
Fixed-target DY

» Access unexplored kinematic region in the x, Q<

» H <+ O

plane down to x ~ 107° o Collider DY
NE 10° AN | Jet production
* Constrain PDFs and TMDs at low-x in p-p g 10 QN ([ g8« Top production

* Feasibility of preequilibrium dilepton measurements f
in Pb-Pb: —

Challenging

> direct experimente

Weak semi-leptonic decays of charm
and beauty In this mass region

p-p would act as a
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LHCb Simulation —— Charm

Heavy-Flavour background

Drell-Yan

Arbitrary units
S

. AtM < 5 GeV/c?: Weak semileptonic decays of charm
and beauty dominate by 2 orders of magnitude the Drell-

Yan production B | |
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Heavy-Flavour background

. AtM < 5 GeV/c?: Weak semileptonic decays of charm
and beauty dominate by 2 orders of magnitude the Drell-

Yan production

* Presence of another track at vertex can help reject

these decays

Primary vertex

Arbitrary units
S

] ] ] ] I ] ]
LHCDb Simulation

—— Charm

Drell-Yan

| | 1 1 I T T T TR
o 1.2 | | |
g TR i I ' i ]
§1.0_- Einimani ke nilsabe s S5 S e il ik inks Sk dn -T-’r-r
< [ i
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Signal dileptons
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M, [MeV/c?]

Secondary vertex

Background Dilepton
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Heavy-Flavour tagging

Primary vertex

Combinatorial
association with
prompt hadron

Signal dileptons

g A. Lightbody - Pheniics fest 2026 12

*New tool SemiCharmTasg: arX1v:2604.11574

-Semileptonic tagging based on properties of the
(1+hadron) at decay vertex

-Separation based on a BDT

Primary vertex Secondary vertex

Real
secondary
vertex

Background Dilepton
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https://arxiv.org/abs/2604.11574

Anatomy of the background

----------

Background
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Anatomy of the background

Use hadron track to tag the background
muon

Benefit from displacement of the
secondary vertex (SV)

Boost at decay vertex

Harder process

Background Signal
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Discriminant variables

Impact Parameter (IP)

Displacement of track wrt to PV in background
events

IP y°
Displacement of track wrt to PV in background
events

PID K

Primary tracks: kaons suppressed compared
to pions

Pr

Tracks from Signal events come from
underlying event of p-p collision

4

Tagged track information

@ A. Lightbody - Pheniics fest 2026

Distance of Closest Approach
(DOCA)

Benefit from longitudinal boost

Direction of Flight Angle (DIRA)

Benefit from longitudinal boost at secondary
vertex

Flight Distance / Lifetime

Benefits from displacement of secondary
vertex

Invariant mass

Invariant mass at decay vertex limited by mass
of B/D

4

Secondary vertex information
(muon + tagged track)

15
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Discriminant variables
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—— Charm

— Beauty
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Performance
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Performance

» 96% signal efficiency

» 90% charm rejection
I » 80% beauty rejection
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Double-tagging strategy

» Reject dimuon candidate if at least one of the two muons is tagged as being from a semileptonic

decay — below chosen threshold

-  Benefit from independent performance on both muons

Primary vertex Secondary vertex
n'

p— K' -~
U /
) / e
— 7
V“ /
7 118
K~
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Threshold
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Charm Backgrodyind

DY Signal
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Double-tagging strategy

» Reject dimuon candidate if at least one of the two muons is tagged as being from a semileptonic
decay — below chosen threshold

-  Benefit from independent performance on both muons

= Natural limitations: branching fraction, reconstruction efficiency, acceptance...

BDT u~
A Threshold
]
Primary vertex Secondary vertex ‘—\
- DY Signal
K.
/
- ,
y e Charm Backgrodind
\"5 / e
K+
+
] 1 » BDT u
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Background rejection & templates
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Background rejection & templates

Still requires in a second step final signal
extraction using template fit method

7
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Arbitrary units
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Conclusion

Low-mass Drell-Yan is a challenging measurement that requires excellent detector
performance and proper signal extraction

-Benefit from upgraded detector and full software trigger in Run 3

*New tool will play an important role in the extraction of the signal and will significantly
reduce systematics in final fit

~Only one piece of the puzzle: template fits required, tagging can help provide data-driven
charm template

Thanks for listening!
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Single tagging

* Require strict selection on one of the two muons’ side (tagged muon)

» Extract muon properties on the probe-muon side

- Enables unbiased single-muon observable extraction while suppressing prompt muons

» Reconstruction of dimuon information based on the single muon information

BDT ™ BDT ™

Primary vertex Secondary vertex
& Tagged muon

Probed muon or

Charm sample

_|_
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Charm templates
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Double-tagging strategy
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Arbitrary units
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Tag & probe
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