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Currently there is big interest in 3-D nucleon structure in the form of GPDs and TMDs

“Leading-Twist” TMD Quark Distributions
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The SIDIS cross section can be expressed in terms of model independent
structure functions
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(without polarized target)

Mulders, Tangerman (1995) Complete tree-level result for polarized deep-inelastic lepto-production.
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TMD and Fragmentation Functions
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TMD and Fragmentation Functions

ClwfD]| = xZeg /d2ﬁld2l_cl5(2) (ﬁl — EJ_ — ﬁhL/z) w(pL, EL)f“(x,pﬁ_)D“(z, ki)
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Beam Spin Asymmetry (BSA) measurements are a good tool for extracting
‘moments”.

dot — do— B Asm ? sin 0,
dot +do~ 14 AT ? cos & + ACOS(%) cos(2¢)

BSA =

Experimentally, they are measured by selecting your event of interest and calculating
the quantity defined below.

1 N — N~
Pe Nz+ —l_Nz—

BSA; =

It acceptance corrections don’t depend on helicity, the correction cancels.

For more on acceptance cancellations see thesis of Wes Gohn.
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Experimental Details

Run period: E1-F

Beam energy 5.5 GeV

Torus field run at 60% (2250 A)
Negatively charged particles - Inbending
Over 1B event triggers

LH_2 target, 5 cm
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All hits 1.1e+07
Identified Electrons 4.8e+06

Sector 2 @%=2.820
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A brief overview of electron identification.

® EC energy deposition cut

® /-vertex cut

® \/ertex and kinematic corrections
done after ID.

® Sampling fraction cut (momentum dependent)
® Geometrical fiducial cuts (DC, EC, CC)
® Cherenkov PMT matching cuts (theta, phi)
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A brief overview of kaon identification.

K+
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Simple binning for 4 axes of interest
The z-range is restricted in non-z axes (0.25, 0.75).
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More kinematic distributions
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Result of measurement with statistical uncertainties
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Result of measurement with statistical uncertainties
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Systematic uncertainty - Result of uncertainty in estimate of systematic effects arising from
selection bias, backgrounds, calibrations etc.

Source Cut type Source Size
Kaon ID SL Min Beam polarization 3%
CC theta match Min/Max
Kaon momentum TBD
DC R1 Fid Min
DC R3 Fid Min
Sampling frac. Min/Max
EC Edep Min In the case that none of the
parameters are correlated,
EC-U Min/Max 5
EC-V Max N Pij = Oij
EC-W Max (80)% =Y (O(8; +86:/2) — O(9; — 56;/2))°
z-vertex Min/Max =1
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X axis
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Z axis
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Momentum range of accepted kaon is varied to check impact of contamination at higher
momentum. Difference is included as systematic.
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Extraction of Moments
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Recall what we are measuring

dot —do™ A ¢ sin ¢
dot +do~ 14 AT ? cos gb + ACOS(M) cos(2¢)

BSA =

We minimize the total chi-2 (with respect to the parameters a) for each kinematic bin by
gradient descent

9 i (Aobs(¢i) — Apred(¢i7 5))2

2 2
Ostat Osys

1=1

One would be very happy to extract all 3 moments, in some cases it may be possible.

David Riser

University of Connecticut



March CLAS Collaboration

BSA

0.051

0.00

—0.05-

2 .
¢
¢
~-100 0 100
én

~100 0
o

100

BSA

0.051

0.00

—0.05

~100 0
®n

100

BSA

0.051

0.00

—0.05-

David Riser

University of Connecticut




March CLAS Collaboration

(Sine, Full)
Results almost identical.
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Points of conclusion

e Measured BSA for 4 kinematic variables on a sample of SIDIS kaons (+), statistical and

systematic uncertainty is calculated for each point.
e Most systematic uncertainty comes from kaon ID at high momentum, but it is still
reasonably small.
e An analysis of moments has been performed for each kinematic point.
e Theoretical predictions are in progress for the kinematic dependence of this
measurement based on TMD PDF/FF functions
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Thank you for your time.

Thanks to the following people for helping with this analysis:

Kyungseon Joo, Harut Avakian, Nick Markov, Andrey Kim, Nobuo Sato,
Nathan Harrison, Kemal Tezgin, Frank Cao, and Brandon Clary

For various parts of the analysis | thank previous workers:
Wes Gohn, Marco Mirazita, Nathan Harrison
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Extra Slides
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Parameter Estimation

Single fit - Minimize the chi-2 between your data points and the predictions from your model.

2 - Aobs 1 _Apred Z‘,C_L) :
Z( (¢:) (¢4, a@))

X = 9 5
i—1 Ostat + O-sys

This is done using gardient descent. The errors and correlations on/between the fit
parameters a are calculated by using the topology of the chi-2 function around the parameter
minima. More explicity the inverse Hessian matrix.

— _1 — o o
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Parameter Estimation (2)

Give a probabilistic interpretation of our measurement and give a probabilistic
interpretation to the parameters of our model for the result (using Bayes Theorem).

_ P(Aila) P(a)
P(A;)

Use Markov chain MC (MCMC) to explore the parameter space {a} (Metropolis algorithm).

P(Ai|5n+1)P(a)n+1)
P(A;lan)P(an)

P Accept —
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Max likelihood ratio method for charged hadrons

N L:h
»Ch:il;[lpi(xi;pah) Lw‘l‘»CK‘I‘[fp
Simple case of one distribution used

1 1 (B —pg(p, h) ) i
P(B;p,h) = exp (
P = froso) P2\ as(n.h)

“Significance”, use to tighten/loosen cut on beta, discard low likelihood events (positron
example).

,UJ‘|'50bs
0=1- / P(8:p, h)df
M_Bobs
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Measurement of the beam spin asymmetry is done experimentally by recording events
with different electron helicity states and counting the ratio below. Helicity flipping occurs
at high enough frequency that acceptance effects are expected to cancel.

gsing _ 1 Nt - N-
v PN+t 4+ N-

The average beam polarization was determined to be (75 +/- 3) %, and the wave-plate
position was determined as a function of run number by analyzing the sine phi moment for
positive pions.
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Treatment of systematic uncertainties

Analysis depends on some set of parameters, cut values, calibration values, etc.

0= (6,0, ...0N)

The values of these parameters impact the outcome of the measurement of your observable.
The standard formula for “error propagation” is,

Y90 90

1=1 5=1

However it is not analytically possible to find in most cases the relationship between the
parameter and the observable.

0(BSA) B
O(ECU Cut Value)
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Numerically find the derivative around the nominal parameter value

00 _ O(6; + 66;/2) — O(0; — 66, /2)
00, 50,

O

O(0; + 56,/2)

O(0; —60;/2)

0, —60,/2 60;  0;+56;/2
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00 90
00; 90"

50,60, ~ (O(60; + 50;/2) — O(6; — 50;/2))

x(O(0; +60;/2) — O(0; —00;/2)) pi;

In the case that none of the parameters are correlated, ,Oij — 5ij

(50)2 =3 (O(6; + 66;/2) — O(6; — 56/2))°

1=1
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Electron Momentum Corrections Before and After
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