Fluctuations and Selection Bias
IN 5 and 13 TeV p-p Collisions:
Where are the jets?

Tom Trainor
University of Washington

ISMD 2021 via ZOOM



Agenda

collectivity in small systems?

study jets in 5 and 13 TeV p-p p, spectra

two-component model of hadron production



ALICE p-p p; Spectrum Data
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13 TeV VOM: n, € [2.5,26.6] (ten event classes’) 13 TeV SPD: n., € [2.9,54. 1]

.is to investigate the importance of jets in high-multiplicity pp
collisions and their contribution to charged-particle production at low p+’

“The aim..

Eur. Phys J.C 79, 857 (2019) arxiv:1905.07208
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Two-Component Model — Fixed TCM

hadron production in p-p collisions near midrapidity

=In[(m, +p,)/m, || hadron species i Pancheri and Srivastava, 1985

charge densities: po(y,ng) = p,(¥,ng)+P,(Y,ny) soft + hard

soft component: projectile-nucleon dissociation (~PDF)
participant low-x gluons < ps  Psvsp = 0.81 log(Vs / 10 GeV)

hard component: large-angle scattered gluons — dijets

hard vs soft = |MB jet fragments: p, = ap?| a=~ 0(0.01)

S 9nc ( ,Ilc ) —
oredictive factorized; Ps(Y.>0¢) PE Yoy, @)= ~a5)p,
model po(ytay‘ps oY) |t thogyt) P;

root of quadratic equation: py(Y,,Ny) = P, T 0 P; fixed model function




TCM p, Spectrum Fixed Model

ncl)rmalized 15 years experlence _low ng,
Al 1 T g Al Al
2 4f ] s 2 4F E < T S S B
*10 1? E 10 ERgiTR ]
10 27 . 10 2— - 2
10 '3%7 7 10 -3; . 10 ?:' —
10 4% 5 10 ¢ 1 GeVlc E 10 -4; d 10 -3; _
-5F N r : o i
10 = 5TeV p-p VOM \ \E 10 '4; 5TeV§p—p VoM | 10 5? 1 10 4 -
-6 W] g PN 6 ; 1
e T m T e e ST ! 6
05 GeV/e Ye [ 0.15 Gevic 10 GeV/c Y A Yy
< R T T . 12'F
'1: B :‘"""'" "'"'""""""". """"""""" ’: 'li N -E' """"""""""""""""""""""""""" b
%10 . 20 Gevic 4 ™, L : - >10 i 1 ™10 T .
10 | . - 10 | . -
F 20 F E 2
-3f 10 = -3f 10 —
10 E E 10 = =
4 0.15GeVic Al a R
10 b S 4 1w - 10 b 4 10 .
-5 r H SF % r 5
10 & 5TeV p-pSPD 1 10 5TevppSPD ] 10 & 13TeVp-pSPD “\\ 3§ ;47 13 TeV p-p SPD ]
-6 N g : € -6f S S R
e e S mm P
b (y ) Yt 1 GeV/c Ye 1 Yt Ye
o\t L
Xy =2~ S0 xR Y= s )[x<yt> So(yy) | = Ho(v,)
- S @ @ mmemmeeeeee - —e s o ----0 *—-—>-&
data model _ data “Smodel
X(n,) = ap,



Event-Selection Bias

event selection based on
two angular acceptances: /,s
(1) O S
the same event ensemble /
partitioned in two ways g - 5 5
autocorrelations?
X./X;  VOM vs SPD
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bias relative to mean-value trends (e.g. TCM) due to fluctuations

different bias trends at lower p, and higher p,



Z scores and Significance
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TCM p; S

Variable Model
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Alternative Model: Tsallis

J. Phys. G 47, 055111 (2020), arXiv:1908.04208
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Alternative Model: Blast Wave

[p.m,] - missing factors J. Phys. G 47, 055111 (2020)
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Model Parameters vs TCM

J. Phys. G 47, 055111 (2020) (Rath. et al.)
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Tsallis as a one-component model
attempts to describe two components

Blast-wave model (hydro) attempts
to accommodate jet fragments

dramatic inconsistencies between individual applications

p-value for model with y2 ~ 10,0007



Summary

* Fixed TCM accurately separates jets from nonjet
contributions

* Selection bias: (a) VOM vs SPD mn acceptance, (b)
spherocity < azimuthal asymmetry (not shown)

e /-scores — deviation significance — model validity

* Variable TCM describes p-p spectra within their
uncertainties

* Tsallis and blast-wave models dramatically falsified

p-p collectivity?



