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Elastic proton-praton scattering at the LHC

Precision measurements of differential cross section by the TOTEM experiment at the LHC at 2.76, 7, 8, and 13
TeV ( Eur. Phys. J. C80 (2020) 91, EPL 95 (2011) no. 41004; Nucl. Phys. B 899 (2015) 527; Eur. Phys. J. C79 (2019) 10,
861), and now more recently by ATLAS arXiv:2207.12246
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Quality factor (OF) method to test scaling hypaotheses

(V,'+1 k= V,')2 X AVH—l X AV,'
(U,'_|_1 = U,')2 T €2

QF = |X;
where the Av, are the uncertainties on v, and € is a small constant to regularize divergences when u+1 = u (v, and

u. are the scaling variables under consideration).

QF measures the degree to which a set of data points can belong to a single continuous function, without any
assumptions about such a functional form.

Scaling = smallest QF

Method previously used to examine scaling properties in DIS

(C. Marquet and L. Schoeffel, PLB 639 (2006) 471; F. Gelis, R. B. Peschanski, G. Soyez, L. Schoeffel, PLB 647 (2007)
376; G. Beuf, R. Peschanski, C. Royon, and D. Salek, PRD 78 (2008) 074004)
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Saling ansatz

do/dt* scaleswith & = t*/SB t* = (S/\t\)A X |t

inspired on geometric scaling expected

additional power of s is from saturation models

needed to describe
translations of dip and bump

with s in the fit (as observed in particle spectra

measurements e.g. L. McLerran and M.
Praszalowicz PLB, 741 (2015) 246, M.
Praszalowicz and A. Francuz, PRD 92

. _ (2015) 074036 )
A and B are scaling constants to be fit to data.

Cristian Baldenegro (LLR) 2022 LHC Forward group meeting



W/ quality factor method, A = 0.2 and B = 0.215
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Strong correlation between A and B constants
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Staling ansatz can be further simplified

do do dt do AA—1.065 ,do
= = — A f L) - f
g = drdr  a XS o XA =) )
. . o —A(A—1.065
flt7") carries the dependenceont™ and « = (1_A )

If do/dt* scales with s, then s*do/dt must scale with s too.
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One-parameter scan quality factor

We pick the absolute minimum A = 0.28

. . | — 2.76, 7, 8, 13 TeV data
as a working point. -

"noise" is due to Moiré pattern effect
(smooth variations of fit constants yield :
different overlaps between the data
sets).
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TOTEM data in (s,t)-space TOTEM data mapped to
scaling variables
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We find a = 0.305
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i — fit to all data

Fit to all data™
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of the cross section (six free >
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% 10-4 4
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t** = (s/1TeVv?)0-965(|t|/1GeV?)072
where Ni(s) = N9(s/1 TeV2)*/2, Ny(s) = N9(s/1 TeV?)*/2, Bi(s) = BY(s/1 TeV?)/?
and By(s) = BY(s/1 TeV?)7/2
*assumed uncorrelated uncertainties for fits
a =0.305 and y = y(«) = 0.09 are fixed by scaling #*R_]. N. Phillips and V. D. Barger, PLB, 46 (1973) 412
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“Predictions” for do/d |t| based on fits to all data in
scaling plane
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Profile function

Use scaling to predict A(s, t) at any
Vs, calculate real part of profile
function to explore implications in
parameter space dependence.
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Power exponent in impact parameter space

B 1 0 Rer(Sl,b)
A= In(51/52) l (Rer(SQ,b))

Quadratic dependence on b.
Power-exponent is (weakly)
dependent on reference energies.

As b — 0, A =A\a) = 0.06; the
power exponent is fixed by
scaling, no dependence on double
exponential fit parameters.

Would be interesting to see if
physics models expect such
behavior.
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Possible refinements for future studies

- Explore other unassuming optimization methods.

- Explore other scaling variables, preferably based on physics grounds.

- Simultaneous fit together with total cross section.

- Use full covariance matrices for all data sets to account for bin-to-bin
correlations in the fits when public.

- Include recent do/d|t| measurement by ATLAS at 13 TeV, try to conceal also with
lower Vs .
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What about lower Vs data?
Study by T. Csorgo, T. Novak, R. Pasechnik, A. Ster, |. Szanyi, Eur. Phys. J. C (2021) 81: 180

Scaling found at lower Vs Same scaling breaks down at higher Vs
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Summary and outlook

e Precision measurements by TOTEM at the

LHC exhibit a smooth evolution with collision - t 13 TeV
energy. t 8TeV
} 7 Tev
e An (approximate) scaling law is found in 10° b 2.76 TeV

elastic pp scattering at LHC energies, namely:

50395 do/d | t| scales with t™= 50065072

do/d|t| - (s/1TeVv?)~0:30>

e Scaling violations present at low-t and high-t,

room for improved studies. .
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