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1) Photon EPA fluxes
i) Proton and nuclear cases
ii) Effect on UPC dynamics and ttbar production

2) Large rapidity gap pA interactions (semiexclusive)
i) pomeron-A and angantyr
ii) CMS probe with pPb data

3) Toponium probes
i) EFT and NRQCD 7, models phenomenologies
ii) Spin correlation observables
iii) ttbar background rejection analysis

4) Summary



Photo-induced processes and non-dissociating hadrons
Equivalent Photon Approximation (EPA) and UPC’s
Proton PDFs
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Photo-induced processes and non-dissociating hadrons pp — p'f’y p—p'X

e Equivalent photon approximation (EPA) and UPC’s
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Forward detectors

» Zero Degree (ZDC) and Hadronic Forward (HF) calorimeters for Pb and protons respectively

» CMS Particle Flow energies to constrain activity as a function of 7

» CT-PPS spectrometer for pp runs
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Photoinduced vs central production features
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Neural network training for top-antitop quarks productions
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At least 4.7fb™" of low pile up pp

data for observation

Alternative scenario for HL-LHC
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Exclusive vector meson photoproduction within pPb and angular modulations
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Pomeron neutral fluxes

Proton pomeron fluxes , PyrHias ___ ppVE=13TeV
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Pomeron-Nucleus interaction and Angantyr model .

P + Pb — X within pPb collisions
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Large rapidity gap pA interactions
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Observation of a pseudoscalar excess at the top quark pair production threshold

Extreme top quark properties; reduced lifetime < hadronization timescale

Bound states with top flavor, not previously considered
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Observation of a pseudoscalar excess at the top quark pair production threshold

e A simplified EFT toponium model: 1; — tt decays
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Observation of a pseudoscalar excess at the top quark pair production threshold

/ - Generator Level Vs =13 TeV /s =13 TeV
NRQCD toponium model.  fememlorbevel . peetiSied | Genemorbevel  po »elfed Cenerator Level e ts TV
ol&07F boowsomn - Smomeentt o LEUSE L g ons . ST = e T
X sla F - p=1.20, - 1 _g % i W= =047 D 058" 4 CwsDan .. Simplified full m
Nt — ZH and Jt — ZV\’ W decays T 06F — Pl s Simplified n, restrict | | § 150 — PP Simplified ; restrict 3 3 i 1= -0,0001, 0=05693
~lo F Pty o0l p=121,0-081 1 |o 1=009, 6=061 p=049, 0=047 8 086/~ i~ 00008, o-05694 i@g‘ﬁ&mﬁ%ﬂ?ﬁgs 4
L 110, F E =00007, o=
e Scalar and vector mesons G o 1 =8 omf E
i i 04f- = 1.00f . P
NO tt In ﬂnal State F ._._lﬁ: sz I { ]
+ Lo 03 e 4 0.75F ] 0.50—F— . L '—l—l
same bl Tyl b topolo e e | Tt I
l l p gy (077~ e | e— ] 0.50f——— — E 0.48)- l B
| 2 025 E OB E
0.0k ] L M IR RS | ooob 1 0.44'::J:vllll:l‘v‘l::*:v:*v::‘":*V‘V‘H‘
o F——T T O e T e T e T T T T T T T
= 1 =29 1 S . ]
82 g — 5 F Pp———— ¥
© © o . o [
a a T S
s i |
L [ [ R PR P SN BRI AU VSRR AP lorms s .00 70‘75 ro‘so 025 o‘oo 0‘25 0‘50 075  1.00
L o E
0.0 05 1.0 34 2.0 25 3.0 -1.00 -0.75 -0.50 -0.25 0.00 0.25 0.50 0.75 1.00 Cos(e};)
[Ade Cos diap

arXiv:2504.12634v1 [hep-ph]

P-even, CP-even symmetry

g Generator Level pp Vs =13 TeV
o 5 o T
L7 i D 1.6~ Simplified n, full =
5 % g | ¢ CMSDaa " p=-0.113, 0=0331 ]
SN ”"< r pp -t s i 1
S e , oL 14F—0u Simplified n, restrict
H ser” % 3l Tk { = -0.040, 0=0.347 [=-0.112, 0-0.332 :
u'\< i R 3
17 O - .
- 2 — i
~lo 1.0  —— -
Generator Level PR VE=18TeV. | O I e e A e g e ety S 0.8~ —
o= T T T T T il -
% Qq'.' iy = i‘r:wmg';d;':nas == EF:TaJéi o-0s3 | 0.6 = .
S , 3 ppoti 1 A — E
— 0.4 ; h =1$1, 02099 ~* |.235 5-098 I ]
1z 0.4 — g
0.3 - 0.2 | =
: ,—._l E
0.0 Lo o by by b b b ey
0.2 8 s, E
1 Sr ——]
< F 7
0.1 02 — =
o i gLy [ o el pgap ] g g L5 wqueln 5 i
f00 075 -050 -025 000 025 050 075 1.00
el | L 1 PE—— | L ’ . . . .
0.0y 1 > 3 4 5 Cota Rodriguez, A., V. Corral, A. Paredes, J.A. & Murillo Quijada, J.A. Toponium decays spin cos 9‘1‘003 95

6
ARy correlations and deep learning performance for background rejection , in submission


https://arxiv.org/abs/2504.12634v1

.. Detector Level pp Vs =13TeV " Detector Level pp Vs =13TeV Detector Level pp Vs =13TeV
Neural network training 2 = Ry Ty O ETo g T Il ‘ @ T T P T T T
) U=12634, G=7457 " p=51.97, 0-27.16 o 3.0 1#=070,0-018 " u=054,0-019 =} 5 - 17239 02083 "~ p-127, 0-081
1D 1072 Simplified n, o EFTY, . o Simplified n, o EFTS o 0.8f- SEpliledn; o EFTy, =
— -53.72, 0=22.99 u=72.14, 0=35.19 82-5 p=048, 0=021 W=055 0=019 5 = =132, 0-067 p=176, 0=081
2 107 £ Nogl- -
© g 2.0 ©
pp Vs =13TeV E S £
a +‘ T T T ] T 2 10 Z 15 S 0ak ]
—_ tt Trai
% 10 PR » an N 10 1.0
st + =  pp - ttTest g 02l N
S — simplified n; Train 1 e m 05
g 8- = Simplified n, Test | ! 0.0 . .
= o F parem o opupgpan s s -t SR g e B L e R PA s 0y
1| 5 10k Ymoeida 15 [t gt 5 |- fecnciebel
e 1% F E 10 b g T oot
| a 3 . o
10 iy l S e S L N
1o® TR 05 0 0.0 02 0.4 0.6 0.8 10 1025
my [GeV] B ARy
pp Vs =13TeV
" ——— —T —T—
o F o P 2
Neural network training identifying 5 | 138 -1 pp - tf
> 10° L 5+45% o
t d oo t b bl [0 Nexp=9.21 x 10° I535
maost aiscriminating observables o [ i ]
o™ J EEEE L 2 - Simplified n; - tt 1
0.0 0.2 0.4 0.6 0.8 1.0 @ Nexp =7.29 x 104 *138% 1
NN score / Ldt=137fb"" pp Vs = 13TeV o3 exp * Y -1s8% |
— 20000 F ' ' ' N w 7z, stat. @ syst.
/s =13TeV e Total uncertainty :
& 10 bp Ve ‘ 3 — i=1.000 10
5 g o 17500 [130.360 He[0.984,1.016] 7
|
3
> Stat only 4
= i 15000 5 1,000
g 1 €[0.990, 1.010]
) 12500 1
F 0.6 4 Otoponium = 8.0 pb
10000 il
04 . 7500 /
0.0 02 g
Simplified n; vs pp - tt 5000 1 ’\<|( :|—§— Asimov signif¥cance Zp ‘ ‘ ‘ ]
0.2 Train AUC =0.9284 | 60 ]
—-- Validation AUC = 0.9138 2500 2 F 1
— Test AUC = 0.9186 S 40 .
0 ] I | | L E r ]
B0 0.2 0.4 0.6 0.8 1.0 % 1.0 15 20 2 20 -
Feloe Posiive Rate Signal strength p e ]
] B ] ) [ 0.0 02 0.4 06 08 1.0
Cota Rodriguez, A., V. Corral, A. Paredes, J.A. & Murillo Quijada, J.A. Toponium decays spin Improved senS|t|V|ty NN score threshold

correlations and deep learning performance for background rejection , in submission



Summary and Outlook

e Ongoing efforts to investigate y / pomeron induced events

o yp — top + antitop process with large pile up contribution in standard pp collisions

m Paralel probes with low pile up pp data

o Vector meson production used to investigate origin of azimuthal modulations and for nuclear/hadron structure probing

m Investigating modulation in pA case with A as photon source

o Pomeron-Nucleus interactions are investigated using Angantyr method and pomeron data driven PDFs

m Studies can be extended to other lighter nuclei
m Predictions from MC reference still would need some investigation at high Ntrk

e Data excess at near to ttbar invariant mass threshold

o NRQCD and simplified EFT models phenomenologies has been studied
o  Spin correlation features have been proposed as a way to characterize data excess
o Improved isolation of toponium events can be achieved by using neural network tagger
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