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P, bin 1 P, bin 2

% Translation: Measured Asymmetries (Minjung) =557 =
are translated into 2D yields. R B T
°°°°° F== -
% Unfolding: Unfolding of the two-dimensional e I S
yields is executed. s pons
<% Extraction: Unfolded asymmetries obtained = S .
based on the unfolded yields by calculating s S
asymmetries. T I T ey==ss

(Minjung’s)
P; dependent Ay’'s = translate into 2D yields = Unfold = Get unfolded Ay’s ﬂ
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Asymmetry Weighting and Extraction - Different Functional Forms

For MC sample:
¢ Create spin up or down state (ispin 0, 1) for each event.

Create spin dependent weight according to some functional form:

<+ Polynomial (w,,) function:
Wporz =1+ (@a+bxPrp+c*Pfir+d* Pir) xcos(®Prr + spin * 1)
<+ Power function (W) :
Wpow = 1+ (a + [ * PTV’T) * COS(®p r + spin * m)
«+ Exponential function (Wy):

Wexp = 1 + (oo + 0 * (1 — exp(n * PT,T))> * COS(Pp r + spin * m)

a = constant part

b = linear part scanned over a wide range b, <b < Dby

C = quadratic part scanned over a wide range between C,;, < C < Crax

d = cubic part scanned over a wide range between d;, <d < d, .

s =spin (Tl)

Pr+is the true transverse momentum and @ 1 is the true azimuthal angle distributions.

f=a, B, ¥, w, 0,1 are parameters. '

Use these weights based on generated variables in all events and reconstructed variables, efc....
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Asymmetries and Best Parameter Scanning — Minimum Chi-Square Search

Calculate Chi-Square based on reconstructed asymmetries and experimental data
asymmetries (Minjung):

(AMi.njung _ Awgt,reco)z

Xz . N,1l N,1
min ~ 2,Minjun 2,wgt,reco
zAANi B o\ V. e

l

Best parameter is found (i.e. parameter with lowest Chi-Square for each functional form).
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Reconstructed Asymmetries and Minimum Chi-Square Search — Coarse Scanning

lin: [-1.55,-1.20] quad: [4.50,5.50] cube: [-5.50,-2.50]

< = = Green points: introduced asymmetries based on
0.02—— . . .
- reco variables without crosstalk (not required)
0_
—0.025— : .
oodf = Red points: Introduced asymmetries based on
oceh smeared reco variables.
—o.osf— . .
ot = Before unfolding, need best Chi-Square
o2k (minimum Chi-Square) .
_0_143_ _}_:ec(goodrecnosmear) ————— . . . .
_046EL ¢ v = Zoom in (coarse scanning to fine scanning) to
C L1 1 1 | L1 11 I ) N I - I L1 1 .f::"'—;::._ — " [ [
0 005 01 015 2 . 03 find best minimum one.
newopercs p, [GeV]
Reconstructed Linear Quadratic Cubic Chi-Square (best)
An's Min Max Best Min Max Best Min Max Best
Green cross -1.55 -1.20 -1.24 4.50 5.50 5.25 -5.5 -2.50 -2.65 7.70

Red cross -1.25 -1.20 -1.24 4.50 5.50 5.25 55 -2.50 -.265 9.88 p
[ )
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Asymmetries based on a 3rd order polynomial (pol3) function — Fine Scanning

lin: [-1.29,-1.27] quad: [5.90,6.00] cube: [-4.80,-4.60]

[-128P +5.93 P2 +-4.79 P2 12 1.43e400 |

]llllIlllIIIIIIIIIIIIIIIIIIIIII}-‘IIIIIIII

0.1 —'— Rec (good rec)
0.12 Minjung
014 . Minjung 2d-unfold (best parm)
unfolding uncertainty
R T T R
0 0.05 0.1 0.15 0.2 0.25 0.3

newopercs p, [GeV]

1 Fine scanning around best value based on
Pol3.

1 Shaded curve obtained from the spread of
all unfolded Ay's

(1 Red broken line is best parametrization in
range used for the unfolding (input curve).
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Fine Scanning for other Functional Forms — Power Law and Exponential

lin: [-0.09,-0.09] quad: [0.10,0.15] cube: [-4.80,-4.60] Asymptotic: [-0.06,-0.06](1- exp{ ([-110.00,-90.00] + [0.00,1.00])p_})
<Z E <Z u
002:_ | -0.091 Pﬂ'”" 12 = 2.47e+00 | 002:_ | -0.063 *(1-exp(-109.475 * P )) 1* = 1.750+00 |
= 0
~0.02F ~0.02
-0.04 L -0.04- —1
—0.06 _0.06F Nt e i
~0.08- ~0.08F
_01:_ + Rec {good rec) 0 1:_ —’— Rec (good rec)
_01 23_ @ Minjung —01 5 :_ Minjung
_0.143_ . Minjung 2d-unfold (best parm) _0.14:_ . Minjung 2d-unfold (best parm)
- unfolding uncertainty u unfolding uncertainty
-0.16- | | | | | -0.16
N Y S S S s Covvv v v b v v b vy
0 0.05 0.1 0.15 0.2 0.25 0.3 0 0.05 0.1 0.15 0.2 0.25 0.3
newopercs p; [GeV] newopercs P, [GeV]

Both functions with somewhat larger Chi-Square than polynomial function (i.e. less flexible)
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All Three Parameterizations with Coarse and Fine Scanning Ranges

Pol3 dependence Power law dependence 1-exp dependence

z C z z E
< C | 127P, +6.00P: +-4.66P] 1= 068 < < -
0.02F 0 0.02F
0_— »A_ 0__— 0.067(1-e" ) g2 077
-0.02F -0.02 -0.02
—0.04F -0.04 -0.04
—~0.06]- ~0.06 — 006 NS B
-0.08 -0.08 e -0.08
_0.1:_ —0.1:— -0.1
- 2:5:5: Uncertainty Pol3 dpmrcs = ::5:5:5: Uncertainty Pow dpmrcs C Uncertainty Exp dpmrcs
-0.12— 7] Uncertainty Pol3 pythiarcs -0.12— 7] Uncertainty Pow pythiarcs -0.12+ Uncertainty Exp pythiarcs
C ~J Uncertainty Pol3 py8rcs C ~J Uncertainty Pow py8rcs C Uncertainty Exp py8rcs
- U]ID]]]]]] Uncertainty Pol3 newopercs - [[[]]ID]D Uncertainty Pow newopercs | [T Uncertainty Exp newopercs
-0.14 [ | EE= Uncertainty Pol3 upcrcs -0.14 [T~ | E== Uncertainty Pow upcrcs -0.14 [ | E= Uncertainty Exp upcrcs
- m  Pol3 newopercs - +  Pow newopercs - Exp newopercs
-0 16‘_ &  Minjung N -0 16‘_ ¢ Minjung 0 16_— ¢  Minjung
I oI N NI N N . . CTEi el v v b e b b b 0 R I AT A A I A A A A A A AR T AT A A
0 0.05 0.1 0.15 0.2 0.25 0.3 0 0.05 0.1 0.15 0.2 0.25 0.3 0 0.05 0.1 0.15 0.2 0.25 0.3
p, [GeV] P, [GeV] P, [GeV]
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Unfolded Asymmetries — Pol3, Power & Exponential Dependendence

pd
<L -1.27P_ +6.00 P2 + -4.66 P] 7 0.68 12(
0 02 -0.091 p‘Tm‘ 2% 224
Ok 0067 (1-€" ) g2 077 10(
-0.02
—-0.04|
—0.06 S

LSS

Uncertainty Pol3 dpmrcs
77777 Uncertainty Pol3 pythiarcs

ESS Uncertainty Pol3 py8rcs
[TIIIIIIT] Uncertainty Pol3 newopercs

— E——— Uncertainty Pol3 upcrcs
—01 4 — | | Pol3 newopercs

B + Pow newopercs

— Exp newopercs

s D Minjung

0 005 01 015 02 025 0.3
p, [GeV]

0

» Unfolded asymmetries for both coarse and fine ranges.

All show reasonable y? in comparison to
measured asymmetries (Minjung).

» Pol3 Chi2=0.68:b=-1.27,c=6.00,d =-4.66
» Powr Chi2=224:b=-0.091,c=+0.134
» Expo Chi2=10.77:b=-0.067, f=-98.95

Lowest unfolded result for each parameterization
displayed as points.

RMS ranges of unfolded points shown for all the MCs -
Dpmijet, Pythia6, Pythia8, Ope & Upc for polynomial.
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Variation of Unfolded Asymmetry Results for all Monte Carlo Samples

B e e e = Distributions of unfolded asymmetries for
[l aonmsom Dpmijet, Pythia6, Pythia8, Ope and Upc

012~ | pean -0.065 RMS 0.009

0'1__ Mean -0.041 RMS 0.009 0'1__ Mean -0.065 RMS 0.009
MC samples.
0.06- 0.06]-
[ |—— dpmrcs L
0.04— |— pythiarcs 0.04—
r | —— py8rcs r
B newoper L
0.02— [—— upcrcs 0.02—

(IS NI IO et [ [ [ [
—8.18—016—014—012—01—008—006—004—002 0 002 —8.18—016—014—012—01—008—006—004—002 0 002
unfolded Asymmetry unfolded Asymmetry

= Spread of unfolded results for all MC’s

2 oo ision more prominent in higher pt bins.

0.12— | Mean -0.066 RMS 0.020

Mean -0.074 RMS 0.012

0121~ | Mean -0.074 RMS 0.013

N N ) = The width of the RMS is to be assigned
—8;8—Ol16—0|14—012—01—0108—0106—004—002 7 002 —8]8—016—014—012—01—oos—olos—:z_‘t—ooz 0 002 aS SyStematiC uncertainties - neXt Slide-
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Unfolded Inclusive Result Summary with Systematic Uncertainties

< [ [a2rp, <600 e assr g2 oss ¢+ Variation of best regularization parameter in the
0.020 M oo™ o 2o TSVD unfolding (kvec shifts=> +1, +2, +4).
OE_T 0.067(1-6 ) 42 077 4
~0.02F 3 o o
: % Addition of uncertainties due to MC statistical
—0.04K uncertainties in unfolding covariance matrix via
~0.061- GetAdetCovMatrix (MC uncertainties).
~0.08
-0.1F " . .
n % Repetition of best parametrization many times
| Uncerta!nty Pol3 dpmrecs Uncerta!nty Pol3 pythiarcs . .
—0121 | = vnaenany ras oo o posnowopores (best variation).
— OW newopercs Xp nev_fopercs
—0.14F| + lweshne $ Wecsnint
- m 22:2 ‘11 :)rgc uirgniinties
_0 1 6 __ { Best variation . . . .
RN O A R S % Systematic uncertainties show the mean and
0 0056 01 015 02 025 0.3 .
p. [GeV] Root Mean Square (RMS) for all MC repetitions.
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Summary:

o0

2

Unfolding worked reasonably well with best parametrization.
Enhancement of asymmetries has been observed.

(J

o0

L)

Systemeatic Uncertainties studied via:

¢ Variation of best regularization parameter for the unfolding.
¢ Response matrix (MC uncertainties).

/

¢ Repetition of the best parametrizations.

¢ Systematic uncertainties display the mean and RMS for all MC repetitions.

[
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Overall Unfolded Inclusive Result - Polynomial, Power & Exponential

S P ) » Overall unfolded asymmetry result
0.02:_ -0.091 p‘T”“ ¥ 224 S g

Oi— PR ——— Best Chi-Square and parameters:

~0.02F .
K » Pol3Chi2=0.68:b=-1.27,¢c=6.00,d =-4.66
-0.04F B
-006F Tt ER b > Powr Chi2=2.24 :b=-0.091, c = +0.134
_0.08F o j’j B |
o > Expo Chi2=0.77:b=-0.067, f=-98.95

—0-122— : All show reasonable y? with respect to
—0.14F Minjung’s asymmetry results.
_016:_ > !I\Eﬁ)i(r?iung o .

0005 od 0 02 028 03 MC uncertainties:

p_ [GeV] » Shown for Pol3 Dpmjet, Pythia6, Pythia8, Ope & Upc.




Algorithm

1. Create two spin states using TRandom Number Generator:
Spin up (0)
Spin down (1)

2. Create spin depended weight:

w=1+4(a+b*Ppr+cxPfr+dx*Pir)cos(pr + spin * )

the parameters are:
a = constant
b = linear
C = quadratic
d = cube
spin * pi = phase shift
spin = 0 (up)
1 (down)

Note: Other functional forms can also be scanned and tried to describe data asymmetries.



Algorithm...

3. Scan parameters for different functional forms over a wide range using chi-
square based on the reconstructed asymmetries from pp collision monte carlo
samples and run 15 pp asymmetry results (Minjung’s result) to find the best
parameter, i.e. parameter with lowest,

Mm]ung Aw,reco)2

N,1
z (AAZ Mm]ung + AAZwreco)

4. Extract the asymmetry using the best Chi-squared parameters,

Ner — Noy
Ner + Noy

AN=



