Search for contact interactions in inclusive ep
scattering at HERA: the effective quark «radius»
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Predictions of the SM are well confirmed.

However at Q%> 104 GeV? may exist BSM effects.:

cross sections can be affected by new kinds of interactions
(new particles, a finite quark radius ...)
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>100 years ago (Rutherford, 1911): a+ Au

Rutherford: Scattering charged point-like particles w/o spin.
Mott: + account relativ., recoil effects + incident particle spin (1/2)

N (dcr) _(ZlZQI“Q)Q 1 _(dcr)
dQ/r 4T ) sin'0/2  \dQ/ Mo

_, 2
2 Fimin Zl ZZ =
tan(—) = =

) 20 207

|

!

Rutherford formula describes well a+ Au scattering. Therefore,

b ~ Rau < 5°107"?°cm=50 fm
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Form factor

A form factor is a function describing the effect of the particle spatial extent
on its interaction with other particles and fields.
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F(q) = [Om p(r)sin(gr)rdr
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The HERA collider
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« During 1992-2007,
mainly E, = 27.5 GeV, E, = 920 GeV

giving Vs ~ 320 GeV:

Data are collected with ZEUS
and H1 detectors: ~1 fb ™ !
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During 100 years the theory evolved significantly,
QED, QCD, EW — Standard Model (SM)
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One hundred years later,
when we again raise the question of the size
of the smallest object under study (quark),
we return to the original formula.
d?o d2oM (R2) 12« the dipole form of FF
dag;d()? " da d()? | [1 6 « }
Bt B Rq provides the effective scale
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Before to start: Estimations based on the uncertainty principle
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At a point from the comb. data set

Q2 =50000 GeV?, xz=0.65 Axr = 0.41 * 107> fm
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Reduced cross sections
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In this analysis BSM contributions
( [?? ) and the QCD evolution
are ~ fitted simultaneously.

R 3 was treated as a test statistic
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Eur. Phys. J. C 75 (2015) 580
Combined (H1+ZEUS) reduced NC cross sections (small fraction)

-

o XB;j f-":'_\;[ Ostat Ouncor Ocar Orel ff;]rp Ohad 01 a2 &3 04 (tot
GeV? % % % % % % % % % % %
35 0406x10° 0806 614 417 118 109 -025 —046 -004 -075 —001 —015 765
35  0432x10% 0881 308 28 331 070 -407 056 -262 -018 -001 -005 726
3.5 0.460 x 10~ 0.965 3.05 29 110 03 -021 -041 -005 -015 -001 -022 445
35 0512x10% 0940 216 225 153 052 -161 005 -116 -007 001 001 404
3.5 0.531x 10~*  0.880 3.10 24 091 048 -020 -030 -003 -001 -001 -D21 422
35  0800x10% 0952 125 155 088 043 -026 -009 -008 -009 001 003 224
35 0.130x 10 0918 0.66 086 030 045 -013 -028 0.18 0.00 0.02 0.06 1.46
35 020010 0854 068 08 081 044 009 -022 026 000 001 008 146
35  0320x10° 0791 072 08 08 050 -021 -001 011 000 001 007 153
or «surface» in (x,Q?)-space with > 10° points
2
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115, is the measured cross-section value at the pn::nint i
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Limits setting with Monte Carlo replicas

O, Limits are derived in a classical (frequentist)
approach using the technique of Monte Carlo replicas
o) of the cross-section measurements for some value of
]?é Irue (5000 replicas for each)
H G +-AG

Next each Monte Carlo replica is fitted for the

Qno R? True nharameter simultaneously with PDFs.

______________ 200000 fits
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If RﬁF "> R? Data 1 959% replicas, then excluded at the 95% C.L.
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The solid circles correspond
to the results obtained from
the simultaneous fit of 7.
and PDF parameters
(PDF+Rq).

The open circles represent
the dependence obtained
when fixing the PDF
parameters to the ZRqPDF
values (Rg-only).
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The effective quark radius limits
Phys. Lett. B757 (2016) 468, arXiv:1604.01280
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For comparison

QCD string model: Proton as a quark-diquark (q,qq9)

rp = 0.251m

PDG
rp, = 0.875 (7) fm

Present analysis (ZEUS): effective quark «size»

e =/ |(R2)] < 0.43 107" fin Rutherford, (1911)

1012 m=
2.9 GeV2<Q2<105 GeV?2 Rau < 5¢107"?cm=50 fm
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Summary

- A new approach to the BSM analysis of the inclusive ep data is
presented; simultaneous fits of parton distribution functions
together with contributions of “new physics” processes were
performed.

- Results are presented considering a finite radius of quarks within
the quark form-factor model.

-The resulting 95% C.L. upper limit on the effective quark radius is
4.3-10-17 cm (4.3-10-% fm) .

-The term “quark radius” is only one possible interpretation of BSM
effects parameterised as form factors.
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