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Central exclusive production — data
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e CMS+TOTEM dataset (2018)
p(pa) p(p1) — about 80 M events with two scattered protons
and only two reconstructed central tracks
— part of those is double pomeron exchange (DPE),
where a central system (X) was created
— subsequently decayed to particle-antiparticle pair
h™h~, mostly m7m~or KTK™, but some pp

IPIP collider — gluon-rich initial state
Competition with ALICE, ATLAS, and LHCb




Physics analysis — from last year

4‘.7‘pb‘_1‘ (13 TeV)

e Analysis

— double pomeron exchange, charged hadron pairs, 13 TeV
— now the w7~ final state, resonance-free region

— differential cross sections in bins of (p1 1, p27)

— azimuthal angle ¢ between the surviving protons

0.35 < py 7 < 0.40 GeV

0.30 < py 1< 0.35GeV

e Results

— rich structure of nonperturbative interactions

— parabolic minimum in the distribution of ¢ (first)

— interference of the bare and the rescattered amplitudes
— model tuning: pomeron-related quantities (first)
good quality fits, choices of form factors tested

0.25 < p, 1< 0.30 GeV
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0.20 < p, 1 < 0.25 GeV

Published: Phys Rev D 109 (2024) 112013

0 ) b
0.50 < p; 1 < 0.55 GeV 0.55 < p; 1 < 0.60 GeV

Now: technical details (arXiv:2411.19749), submitted to J Inst


https://doi.org/10.1103/PhysRevD.109.112013
https://arxiv.org/abs/2411.19749

Scattered protons — roman pots

e Detalls

— two arms (in sectors 45 and 56)
— near and far stations
(at ~213 and 220 m)
— top and bottom pots
— within a pot:
5 planes in ‘u’ and
5 planes in ‘v’ directions
(usually at +45°, or 37 vs —53°)
— each plane has: 4 x 128 strips

e [wo pots per arm

— two measurements
— |location and momentum at IP




Roman pots (not to scale!)




Roman pots — close look at events (not to scale!)
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Roman pots — fraction of two-strip clusters
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About 10.5% of the clusters

are two-strip, precious position information



Roman pots — protons

Track model: u; = az; + b+ d; — how to optimally use/extract information?
We have “digital” hit information (strip number) vs usual normally-distributed uncertainties
Expected location on the ¢th plane: measured u;, slope a, intercept b, shift 9,



Roman pots — fitting tracklets (5 planes)
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Roman pots — fitting tracklets (5 planes)

Bands

clus

Y, —az; — 0; — w<b<yd“s—azi—5i+w,

Csimp = 0
N 58%?&8 (poly) Centroid
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5 e
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= j=0

Area of the polygon is A =3 ZJ O(atj Yitl — Tjt1 Yj)

Variance through the moment of inertia
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Use global y? of all tracklets to optimize relative shifts
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Roman pots — relative alignment of planes

Relative shift [pitch]
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Roman pots — strip-level efficiencies

CMS-TOTEM Vs = 13 TeV (2018, B* = 90 m)

(ereo ¢cee (’9(’((((((6(((((((((((((@(((((S0’O’((’(’((((((((((((((((((((((((((((((((((((((((’((((’(’(’(’G(’(((’(((((((((((((((((((((((((((((((((((((’("(’(’("g(((((’(((((((((((G((((((G‘(((((((0C’{i\’ (EEEEEEUEE @ (@l ((( (ﬂ(f(((f(((fekg((( EEEE@@ccccc‘“C“"C"n"EECE@EE e
O

" ||| || "l ! ll" H I III ll 1
”m Il i “| 3 es
(h | | i
&)
¢)
ol n

o
o

iciency
o
(0))

Eff
o
N

O
N

—track
1nTv, layer #1 —track
VN | | | | | | | | | | |

300 400 500

R

0 100 200 Strip number

This looks good, but




Iencies

13 TeV (2018, B* = 90 m)
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Roman pots — strip-level effic

Aousioy3

— efficiency can extracted by looking at found tracklets,

e |nefficiencies seen in data
— originates at strip-level



Roman pots — strip-level efficiencies vs run
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Roman pots — proton hit locations
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Beam optics studies — local vs global

The transverse coordinates of a particle (proton) at a path length s
2(s) = /Ba(s)e cos[po + Ap(s)] + Dx(s)Ap/p,

with betatron amplitude 3, emittance ¢, phase offset ¢y, phase advance Apu, dispersion
function D, relative momentum loss Ap/p.

The dependencies around a given location can be linearised,

1 = Vg2 + Ly 10, + D, 1Ap/p, To = Vg o™ + Ly 20 + Dy 2Ap/p,

magnification v(s) = \/3(s)/3* cos Au and effective length L(s) = \/3(s)3*sin Ap.

For elastic and central exclusive collisions |Ap/p| < 1, the above equations solved as

" = (Lyox1 — Lyix2)/|d], 0 = (v 122 — Vg 2w1)/|d],

where |d| = v, 1L, 2 — vz 2L, 1 is the distance between the near and far pots.
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Scattered protons — absolute alignment per run — x direction
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Scattered protons — absolute alighment per run
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Scattered protons — absolute alignment per run — aligned
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Scattered protons — absolute alighment, residuals — aligned
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Scattered protons — deduced displacements vs run
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Results — collision vertex
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e Reconstructed vertices

— from one arm only

— location of the primary pp
interaction in the x — y plane
at the IP

— all distributions are
well centred on (0, 0)
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Results — collision vertex
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e Reconstructed vertices

— from using both arms

— joint distribution of x* or y*
coordinates of the primary pp
Interaction
beam spot normally distributed

95 um

with precision 6 — 7 um

with size o =~
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Results — momentum resolution — 2 direction
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Results — momentum sums
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Results — momentum sums — true exclusive vs

pile-up
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Summary

e Detalls

Roman pot detectors of the TOTEM experiment
to reconstruct the transverse momentum of scattered protons
to estimate the transverse location of the primary interaction

e Results

novel method, by finding a common polygonal area in the intercept-slope plane
relative alignment of detector layers with pum precision

tag-and-probe methods to extract strip-level detection efficiencies

absolute alignment of the roman pot system system

used in the physics analysis of central exclusive production events
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