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Introduction - the Sivers function
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® genuine TMD distribution

® express correlation between proton transverse polarization and parton intrinsic R |
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e extracted from SIDIS azimuthal asymmetries: ~ ASn % 9s) = FUTFT = C[}[Iszq]}
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* modified universality/process dependence: #q[DY] (x, k%) = fﬁq[S'D'S](x, k%)

® in the GPM, Sivers effect generates single spin asymmetries (SSAs) in pTp — jet X
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Introduction - formalism

U. D'Alesio, F. Murgia PRD 70 (2004) 074009; M. Anselmino et al., PRD 73 (2006) 014020;
L. Gamberg, Z.-B. Kang, PLB 696 (2011) 109; U. D'Alesio et al., PRD 96 (2017) 036011....

® Inclusive jet production in p'p collisions can be described in the GPM, where a factorized
formulation in terms of TMDs is assumed as a starting point

Sivers reweig|

2/8



Introduction - formalism

U. D'Alesio, F. Murgia PRD 70 (2004) 074009; M. Anselmino et al., PRD 73 (2006) 014020;
L. Gamberg, Z.-B. Kang, PLB 696 (2011) 109; U. D'Alesio et al., PRD 96 (2017) 036011....

® Inclusive jet production in p'p collisions can be described in the GPM, where a factorized
formulation in terms of TMDs is assumed as a starting point

® a color gauge invariant formulation of GPM (CGI-GPM) was developed, with inclusion of
initial and final state interaction; process dependence is recovered

Sivers reweighting, DIS 2021
2/8




Introduction - formalism

U. D'Alesio, F. Murgia PRD 70 (2004) 074009; M. Anselmino et al., PRD 73 (2006) 014020;
L. Gamberg, Z.-B. Kang, PLB 696 (2011) 109; U. D’Alesio et al., PRD 96 (2017) 036011 ...
® Inclusive jet production in p'p collisions can be described in the GPM, where a factorized
formulation in terms of TMDs is assumed as a starting point
® a color gauge invariant formulation of GPM (CGI-GPM) was developed, with inclusion of
initial and final state interaction; process dependence is recovered
® Ayinp'p —jet X:
_ doT —dot dAc

Ay = 0 —do _ dAg
V= doT 1 do? 2do
with
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The reweighting method

W.T. Giele, S. Keller PRD 58 (1998) 094023; R.D. Ball et al., NPB 849 (2011) 112;
N. Sato, J. Owens, H. Prosper, PRD 89 (2014) 114020; H. Paukkunen, P. Zurita, JHEP 12 (2014) 100

® Reweighting is a well established technique in the context of collinear PDFs fits
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The reweighting method

W.T. Giele, S. Keller PRD 58 (1998) 094023; R.D. Ball et al., NPB 849 (2011) 112;
N. Sato, J. Owens, H. Prosper, PRD 89 (2014) 114020; H. Paukkunen, P. Zurita, JHEP 12 (2014) 100

® Reweighting is a well established technique in the context of collinear PDFs fits

® it allows to assess the impact of new data sets on existing PDFs extractions,
avoiding a new global fit

e ysed both in the Bayesian framework and in the Hessian approach

e applied to TMDs only for projections for future experiments.

Never applied to a fit with actual data...
...up to now!
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The reweighting method for TMDs

M. Boglione, U. D'Alesio, CF, J.0. L nandez, F. Murgia, A. in, PLB 815 (2021) 136135
BAYESIAN REWEIGHTING:
® consider a model for a TMD dependingona = {ay,- -, a,} parameters with prior

probability distribution 7z(a)
[if no prior knowledge exists, 7t(a) is flat]
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BAYESIAN REWEIGHTING:

® consider a model for a TMD dependingona = {ay,- -, a,} parameters with prior
probability distribution 7z(a)
[if no prior knowledge exists, 7t(a) is flat]

e forasetofdatay =y, -, Yny,, x? is defined as

Ngat
Xlayl =Y (vila] - v) C,-f (yilal —y;)
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M. Boglione, U. D'Alesio, CF, J.0. L nandez, F. Murgia, A. in, PLB 815 (2021) 136135
BAYESIAN REWEIGHTING:
® consider a model for a TMD dependingona = {ay,- -, a,} parameters with prior

probability distribution 7z(a)
[if no prior knowledge exists, 7t(a) is flat]

e forasetofdatay =y, -, Yny,, x? is defined as

Ngat
Xlayl =Y (vila] —vi) ¢ (vjla] - y)
ij=1
. .. Ndat
[if only uncorrelated uncertainties: x?[a,y] = g (vila] —y;)? /0?1
® best fit ap with associated x3; uncertainty represented by aj, parameter sets
(R=1,-+,Nset) with x2 € [x3, x5 + Ax?] given by
) Ndat 1
Xklar vl = 3 (vilar] — i) C; ' (vjlar] - y))
ij=1

e parameter sets a,, produced using Monte Carlo (MC) procedures
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The reweighting method for TMDs

M. Boglione, U. D'Alesio, CF, J.0. L nandez, F. Murgia, A. in, PLB 815 (2021) 136135
BAYESIAN REWEIGHTING (continued):
® Posterior density through Bayes theorem:
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* we take L£(y|a)dy as probability to find new data confined in a differential volume dy
around y; weights are then defined as

]
Wi (Xh) = exp {—5 Xﬁ[amy]} /ZWi
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® Posterior density through Bayes theorem:
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* we take L£(y|a)dy as probability to find new data confined in a differential volume dy
around y; weights are then defined as

1
Wi (Xh) = exp {—5 xi[ak,y]} /Y w;
i
e expectation value and variance for an observable (symmetric)

E[O] ~ ;Wk O(ayp) Ewk - E[0])?

® asymmetric errors calculated using rv_discrete function of Python SciPy;
median as central value, uncertainties at 2¢ CL
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M. Boglione, U. D'Alesio, CF, J.0. L nandez, F. Murgia, A. in, PLB 815 (2021) 136135
BAYESIAN REWEIGHTING (continued):
® Posterior density through Bayes theorem:

plaly) = L010) (@

* we take L£(y|a)dy as probability to find new data confined in a differential volume dy
around y; weights are then defined as

]
Wi (Xh) = exp {—5 Xﬁ[amy]} /ZWi

e expectation value and variance for an observable (symmetric)

E[O] ~ ;Wk O(ayp) Ewk - E[0])?

® asymmetric errors calculated using rv_discrete function of Python SciPy;
median as central value, uncertainties at 2¢ CL

® new data ynew Will change the weights wj, — wi®" = wj (x% + Xnew ) and so the P(aly)

Let's reweight the Sivers function with STAR data!
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Reweighting the Sivers function (1)

M. Boglione, U. D'Alesio, CF, J.0. Gonzalez-Hernandez, JHEP 07 (2018) 148
e quark Sivers function parametrization:

WMok, et /()5

s Mol O,

Aqu/pT(X/ kL) =
where g = u, d, and where A’\’féyw (x) is the Sivers first k| -moment:

Af) a/pt X /dzkllr TR asp (0 RL) = _f1lT<1)q(X)
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Reweighting the Sivers function (1)

M. Boglione, U. D'Alesio, CF, J.0. Gonzalez-Hernandez, JHEP 07 (2018) 148
e quark Sivers function parametrization:

WMok, et /()5

s Mol O,

Aqu/pT(X/ kL) =
where g = u, d, and where A’\’féyw (x) is the Sivers first k| -moment:

Af) a/pt X /dzkllr TR asp (0 RL) = _f1lT<1)q(X)
=Ng (1 —x)lg'q
® 220 data points from SIDIS data, up to x < 0.3
e we adopt Ax? for 5 params at 20 CL, i.e. Ax? = 11.31

® 2.10°a, sets produced adopting Markov Chain MC with Metropolis-Hastings
algorithm
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Reweighting the Sivers function (1)

M. Boglione, U. D'Alesio, CF, J.0. nandez, F. Murgia, A.

STAR Coll., arXiv:2012.11428

STAR, p'p — jet X
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STAR Coll., arXiv:2012.11428
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® STAR data is for electromagnetic jets; n, > 2 not contaminated by single photon and
isolated 7r° production; wide x; coverage (0.1 < x¢ < 0.6), complementary to SIDIS




Reweighting the Sivers function (1)

M. Boglione, U. D'Alesio, CF, J.0. nandez, F. Murgia, A. in, PLB 815 (2021) 136135;
STAR Coll., arXiv:2012.11428
STAR, p'p — jet X STAR, p'p — jet X
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® STAR data is for electromagnetic jets; n, > 2 not contaminated by single photon and
isolated 7r° production; wide x; coverage (0.1 < x¢ < 0.6), complementary to SIDIS

® SIDIS based predictions in the GPM (left) and in the CGI-GPM (right) describe the data
within errors




Reweighting the Sivers function (1)

M. Boglione, U. D'Alesio, CF, J.0. nandez, F. Murgia, A. in, PLB 815 (2021) 136135;
STAR Coll., arXiv:2012.11428

STAR, p'p — jet X STAR, p'p — jet X
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® STAR data is for electromagnetic jets; n, > 2 not contaminated by single photon and
isolated 7r° production; wide x; coverage (0.1 < x¢ < 0.6), complementary to SIDIS

® SIDIS based predictions in the GPM (left) and in the CGI-GPM (right) describe the data
within errors

® reweighted curves show reduced uncertainties




Reweighting the Sivers function (l1)

M. Boglione, U. D'Alesio, CF, J.0. 1 nandez, F. Murgia, A. in, PLB 815 (2021) 136135
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Reweighting the Sivers function (l1)

M. Boglione, U. D'Alesio, CF, J.0. 1 nandez, F. Murgia, A. in, PLB 815 (2021) 136135
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0.4 W SIDIS+jet, GPM
B SIDIS+jet, CGL-GPM

* (K2 )s Gaussian width does not
vary much
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normalized yield
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T

T
SIDIS

0.4 W SIDIS+jet, GPM
B SIDIS+jet, CGL-GPM

* (K2 )s Gaussian width does not
vary much

L4 ,Bq parameters Change ina
30 0.35 (}\}u 045 05 —08 N —0.6 —04 diﬁ:erent way When applylng GPM
or CGI-GPM formalisms

i = =

normalized yield

1.0 L1 1.2 1

A () = V900 = Ng (1=x)f (9= u,d)

Sivers reweighting, DIS 2021

6/8



Reweighting the Sivers function (l1)
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* (K2 )s Gaussian width does not
vary much

® Bq parameters change in a
different way when applying GPM
or CGI-GPM formalisms

2 L
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® while Ny changes slightly, N4
smaller in size in the CGI-GPM, but
fﬁd less suppressed in the large-x
region
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vary much

® Bq parameters change in a
different way when applying GPM
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® while Ny changes slightly, N4
smaller in size in the CGI-GPM, but
fﬁd less suppressed in the large-x
region

08T T L T
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ot 1 GPM approach
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Reweighting the Sivers function (llI)
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Conclusions and outlook

e We applied for the first time a reweighting procedure to a TMD density, the
quark Sivers function

Bayesian reweighting extended to the case of asymmetric uncertainties
e STAR data allows to improve and extend the knowledge on the Sivers function
at large x
Complementarity of SIDIS and jet data
e Natural extension of this exploratory study will be a global analysis including
also Ay for inclusive pion production
Simultaneous reweighting of Sivers, transversity and Collins functions

® Forthcoming measurements from COMPASS, JLab and the EIC will play a crucial
role in unravelling the nucleon structure in its full complexity
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Reweighting the Sivers function - parameters
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Reweighting the Sivers function - relative errors
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