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Forward Physics at the LHC
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‘ Photon-induced Processes at Proton Collisions

» Exclusive or elastic photon production: photon is considered to be radiated from the proton and there is no proton
disintegration
» Inelastic production: there is proton disintegration. There are two types:
» Single-dissociative: One photon production is inelastic

» Double-dissociative: Both photon productions are inelastic
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‘ Missing Mass Method

» Elastic production of V+X
» Model independent search

» Takes into consideration the visible particle properties:

my = (£, — Ey)* - (Pyy — i)’

» Photon properties are derived from the proton on
each side of the forward proton detector Double proton tagged events

» Leptons are measured in the central detector




‘ Considered Signals

» The analysis strategy does not require any signal model choice. However, for results interpretation a specific signal
should be chosen
» My = Z mass; my = 400, 600, 800, 1000, 1200 GeV

» PDF: MSHT20qed_nnlo; Pythia8: version 8.245

» \/ decays into muons
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‘ Considered Signals

» The analysis strategy does not require any signal model choice. However, for results interpretation a specific signal

should be chosen

Process to be
added in MadGraph:
work in progress

» My = Z mass; my = 400, 600, 800, 1000, 1200 GeV

= PDF: MSHT20qed _nnlo; Pythia8: version 8.245 [, .\ i aip
that decays

» \/ decays into muons into leptons
P > > P
J< 14 Process Generator Events
¢ Z+X SuperChic v&.2 50 000
1 ALP
/ Z+H MadGraph v3.5.1 50 000
p > > p

Long-lived ALP
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‘ Forward PrOton Properties Protons’ fractional momentumloss: ¢ =1 — %
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‘ Di-Lepton Properties
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‘ Selection Cuts

Z+X Z+H
» Forward Proton detector cuts:
0.02 < <020 R About 32% of the About 38% of the
e 1.2 ' events are rejected events are rejected
» Central Detector cuts:
» 2 muons with opposite charge and:
About 1.5% of the About 10% of the
events are rejected events are rejected
In]<25 Almost no events are About 2.5% of the
n < 2. >
1 rejected events are rejected




Missing Mass

Events

10° E
My, = 400 GeV 2 My = 600 GeV My, = 800 GeV
—Z(ww)+H Q. —Z(uw'w) +H F —Z(ww)+H
—Z(uw) + X w —Z(pw) + X E —Z(ww) + X
0.02<&E<0.20 0.02<&<0.20 F 0.02<&E<0.20
p.()>14 GeV, i <25 1o p.()>14GeV, i <25 el p.()>14 GeV, i <25
10° E
107 =
102 E
10
10 E
1 1 r
‘2(‘)0‘ ‘ ‘40‘0‘ 600 800 ‘10‘00‘ ‘ ‘12‘00‘ ‘ 14‘00 0 ‘ZCLO ‘ ‘4(‘)0‘ ‘ ‘6(‘)0‘ ‘8(‘)0‘ ‘10‘00‘ ‘12‘00‘ ‘ ‘14‘00 ‘60‘0‘ ‘ ‘8(‘)0‘ ‘ 1‘0‘00‘ ‘ “12‘0(; ‘ “14‘06 ‘ 16‘00‘ ‘ 1806 ‘ éOBd ‘ é2‘06 ‘ é4‘()d
M,[GeV] M,[GeV] M,[GeV]
n 10°E 0 10°E
T F my,, = 1000 GeV T F my,, = 1200 GeV
e r —Z('w) +H e r —Z('w) +H
m 10'e —Z(urw) + X w10 —Z(u'w) + X
F 0.02<&<0.20 F 0.02 <E<0.20
10 pT(I) >14 GeV, Il <25 10 pT(I) >14 GeV, Il <25
102é 102é
10% 10%
| if i
E P [ IR Y R Ly P T Bl 1 P [N R T B

I | | | L [
600 800 1000 1200 1400 1600 1800 2000 2200 2400 600 800 1000 1200 1400 1600 1800 2000 2200 2400

M,[GeV] M, [GeV]



‘ Summary

Search for New Physics at the LHC using the Missing Mass Method

Maura Barros Nuno Castro Marek Tagevsky
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23279 October, 2023
Motivation
Exclusive New Physics production: two leptons + missing mass Model byusing thod
®two tagged protons
»
2 = — 2 _ — 2
my = (B, — Ep)’ = (Pyy = Pu)
—_—

Photon's properties are derived from protons measured in AFP

» Several signals were studied using both SuperChic and
MadGraph .

Signals
Z+H
+ SuperChic simplified MC model - MadGraph process generated tweaking the SM
o . + Z+H photon-induced process:
. Cross-section: ~ e

+ 2 decays into muons

» The forward proton detectors acceptance is the factor =

+ Hforced to not decay

that reduces most the number of events « deas e by

elects l

SMones

Selection Cuts: 0.02 < £ < 0.2, py(4*) > 14 GeV, | n(4*)| < 2.

X Geneted X Generated |,
Mass  Events  ° Ut Prevt med Mass  Events  © <t Prevt Ml
400 26689 26277 26277 400 34105 30293 28817
600 38158 37580 37576 600 37360 33348 32456
n N ext Ste ps. 800 50000 39844 39255 39251 800 50000 33263 29963 29415
1000 35358 34826 34826 1000 28031 25330 24980

» Generate events with the ALP model

Missing Mass Distributions Under Study: ALP hypothesis

Short-lived ALP)
that decays
into leptons

|Long-lived ALP)
that does not|
decay
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