RESEARCH Revista Mexicana désica67 (3) 491-494 MAY-JUNE 2021

Prediction of rms charge radius of proton using
proton-proton elastic scattering data at\/s = 2.76 TeV

S. Zahr& and B. Shafa
2Department of Physics, DSNT, University of Education, Lahore, Pakistan.
e-mail: sarwat.zahra@ue.edu.pk
bCHEP, University of the Punjab, Lahore, Pakistan.

Received 3 October 2020; accepted 18 January 2021

Using proton-proton elastic scattering data/&t = 2.76 TeV and squared four-momentum transfe36 < —t < 0.76 (GeV/cy for 13

oBeam distance and.07 < —t < 0.46 (GeV/cy for 4.3 oseam distance, the electromagnetic form factor of proton is predicted. The simplest
version of Chou-Yang model is employed to extract the form factor by fitting experimental data of differential cross section from TOTEM
experiment (for 13seamand 4.30seamdistance) to a single Gaussian. Root mean square charge radius of proton is calculated using this form
factor and is found to be equal to 0.91 fm and 0.90 fm, respectively. This result is in good agreement with experimental data and theoretically
predicted values.
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1. Introduction model two hadrons are considered to be scattering elastically
and are supposed to be translucent objects passing through
The structure of particles can be probed with the help of scateach other without attenuation. The differential cross sec-
tering experiments. The high energy scattering processes afien (do /dt) and total cross-sectiow) are the two measur-
now approachable present us with an opportunity to examing quantities involved in such processes. Let us consider two
ine the hadronic structure at higher energies [1-9]. AmonthadronsA andB, scattering elastically{+B — A+B). Let
hadrons, the proton structure has remained a topic of interegt, (t) represent the asymptotic scattering amplitude. Here
between researchers since its discovery. Proton’s radius is\@e are interested in a case, where Gaussiam)(oould be
prime problem in the study of its structure. The root-mean-sed to approximate the differential cross section. In this sit-
square (rms) radius of a proton can be experimentally measation the differential cross section is written as
sured by two methods; electron proton scattering [10] and
atomic spectroscopy technique. In hydrogen spectroscopy, do 3
two methods are adopted: one by using atomic hydrogen ar e
[11] and a second by using muonic hydrogen [12]; both of

these methods give gontradictory results, giving rise to th.e Hadron'’s radius is associated to the form factor by the re-
so-called “proton radius puzzle”. There are many theoret']ation Fa(t) = 1 — (1/6h2)t(r2). The product of both form

cal approaches to find out the rms radius of proton, includinqactors (1) andFi (1)) of two scattering hadrond and B
MIT Bag model [13], self-consistent model [14], by using is given as

Lattice QCD [15-17], etc.

The form factor also plays a dynamic role in the study
of hadronic structure. It is related to the distribution of mat-
ter inside a hadron. Theories claiming to explain the struc- = 1 a2 (1\" 8

: t/2n
ture of hadrons must be able to calculate their form factors X Z = (*) () Eeftin - (2)
from first principles. Continuous efforts of decades led the nmt T B
researchers to obtain the form factors of proton from differ-
ent calculation schemes, as discussed in [18-22]. Experimerffor details see Ref. [25]). This relation is very useful for
tally, the magnitude of the form factor is determined by thefinding out the form factor of scattering hadrons. Many form
ratio of the measured cross-section to the Mott cross-sectiofiactors of proton were suggested by researchers at lower val-
(do/dQ)exp = (do/dfpon - |F (¢?)]?. One therefore mea- ues of\/s [26-28].
sures the cross-section for a fixed beam energy at various an-
gles (and thus different values faf)) and divides by the cal-
culated Mott cross-section. )

In this work, proton-proton elastic scattering data from2- Calculations
TOTEM experiment [9] is used to calculate the proton form
factor employing the simplest version of Chou-Yang model.In this work recent data of elastic proton-proton scattering
The Chou-Yang model [23,24] is a geometrical model. In thisat/s = 2.76 TeV from TOTEM experiment [9] is used. Al-

@)

F4(t)Fp(t) = constant
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m  Experimental data
at 13c beam Distance
our fit

TABLE |. Fitted parameters for two set of data., for 13 ogeam
and 4.30geamdistance

0.6 4

j a; B, (GeV )2 Adj. R-squared

< (mb~1/GeV/c) for fit

[0)]

o 1 683.06+22829 —18.75 4 0.76886 0.96907

£ %% 2 375.62+4.09935 —17.15 % 0.06806 0.99914

S

o]

©

TABLE |I. Computed values aof,;; andb;;.

0.0 = = FOI‘ 130’Beam FOI‘ 4.30'Beam
: ‘ : . . distancej = 1 distancej = 2
0.4 0.6 0.8 i aji bji aji bji
-H{GeV?)
1 —2.898290 —18.75452 —1.742644 —17.1527
2 14.74531 —9.37726 10.93454 10.93454

FIGURE 1. Fitting of differential cross section data of proton-
proton elastic scattering gfs = 2.76 TeV ( for 13ogeamdistance)
to a single Gaussian.

TABLE Ill. Computed values af;.

though the same procedure has been adopted in [18] for find- 35
ing out form factor and rms radius of proton by using the For 130seam Distance 0.2905
data from TOTEM at,/s = 8 TeV. Here elastic proton- For 4.30mean Distance 03298

proton data of two different kinematical regions is analyzed

at /s = 2.76 TeV which would be highly beneficial for The most appropriate values of, 5, and oo, 8, are
getting precise results. The experimental setup of TOTEM Whereappﬁ gre the fitted p;;ar;eters fi)’r gifferen—
experiment is explained in Ref. [9], where one of the datatial Cross sectiolr’\ dlata at Loy distance and are for 4.3
sets of differential cross section has been obtained by plac- ) : eam T :

ing Roman Pot detectors at 13 times the transverse beam Sigéeamdlstance. These fitted paramet§r§ givenin Table g
(0Beam)- This setup allowed to measure elastic differential The measure of goodne§s of fit is determlr_le.d by 5
cross section at — 0.36 Ge\2 to 0.74 Ge\?. The second Sduare, given in Table 1. Which shows that our fit is 100%
data set was obtained by inserting Roman Pot detectors at 4%1cce_ssful n bOt_h set of data. These values (afnd_ﬂ are
times the transverse beam size and measured elastic diffe sed |n_Eq. @) _d|rectly,_ a_md a computer program is used to
ential cross section at — 0.07 GeV2 to 0.45 Ge\?. The solve this equano_n for finite values af The square of form
differential cross section data plotted againstfor 13 ogeam factors of proton is found to be equal to

and 4.3rgeamdistance, and fitted to a single Gaussian, shown 2
in Fig. 1 and 2, respectively. (Fjp(t)® =06, Y aje. 3)
i=1
= Expertimental data at Herej = 1 and 2 for differential cross section data at 13
¥ 432 beam datance oBeam and 4.30peam distance respectivelys; is the normal-
1004 ization constant. Computed values are given in Table Il and
Table Ill.
< Using electromagnetic form factor from Eq. (3) we can
3 easily compute rms charge radius of proton by using follow-
£ s ing relation(r?) = 6h2(dF(t)/dt)|,—o. We have therefore
’% computed(r,) = 0.91 fm and(r,) = 0.90 fm for 13 ogeam
i and 4.30geam distance respectively which is in good agree-
ment with the experimenritr,) = 0.84 £ 0.00039 fm [29].
04
o0 - A - o - 3. Discussion

ey The Chou Yang model is successful in its predictions for elas-
tic scattering process at higher as well as the lower values of
v/s. The proton electromagnetic form factor isobtained atlow

squared momemtm transfere.,0.36<—t<0.76 (GeV/cy

FIGURE 2. Fitting of differential cross section data of proton-
proton elastic scattering gts = 2.76 TeV (for 4.30geamdistance)
to a single Gaussian.
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FIGURE 3. Form factor of proton predicted (for 18eam distance
and 4.30geamdistance).
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and0.07 < —t < 0.46 (GeV/c}, but high centre-of-mass
energyi.e /s = 2.76 TeV. Figures 1 and 2 show the points
of the experimental data from TOTEM [9] represented by
squares, whereas our fit is drawn with a solid line. We have
obtained the most suitable fit. Figure 3 shows the compar-
ison plot of our predicted form factor for both sets of data,
where the dotted line shows the form factor fordg3am dis-
tance data and solid line shows the form factor predicted for
4.3 ogeam distance. The novel aspect of this work is that the
simplest method is employed and our calculated rms charge
radius of proton that agree well with experiment and theory.
A comparison of calculated values is given in Fig. 4.
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FIGURE 4. Comparison of calculated rms radii.
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