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SPD local polarimetry with 𝜋"	
(𝑝𝑝 → 𝜋"𝑋)

Katherin ShtejerJINR, March 31, 2021
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ECAL endcap coverage

JINR, March 31, 2021
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ECAL endcap coverage
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Pythia settings
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SoftQCD:all
PDF:pSet

BeamRemnants:primordialKT
BeamRemnants:primordialKTsoft
BeamRemnants:primordialKThard
BeamRemnants:halfScaleForKT
BeamRemnants:halfMassForKT
BeamRemnants:reducedKTatHighY
BeamRemnants:primordialKTremnant
PhaseSpace:pTHatMinDiverge.												

=	on
=	15

=	on
=	1.1
=	1.8
=	2.0
=	4.0
=	0.7
=	0.4
=	0.5

Min.	bias

In	Pythia	this	QCD	process	selection	is	intended	to	
represent	the	total	cross	section	of	hadron	collisions

𝒑 + 𝒑 → 𝝅𝟎 + 𝑿

𝑠� = 27	𝐺𝑒𝑉, 10[ events

𝛾𝛾

𝑷𝒚𝒕𝒉𝒊𝒂	𝟖𝟐𝟒𝟒

§ Gaussian	smearing	on	𝐸f according	to	the	ECal	end-caps	
energy	resolution:

𝜎h
𝐸
=
6.58%

𝐸�
⊕
1.97%
𝐸

§ Uniform	distribution	to	smear	the	vertex	in	∆𝑍 = ±30	𝑐𝑚

§ Cut	low	energy	photons:	𝐸6:;
f = 400	𝑀𝑒𝑉
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Extraction of 𝐴m
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𝑝↑ + 𝑝 → 𝝅𝟎 + 𝑋
The	cross	section	of	hadron	production	in	
polarized	𝑝↑ + 𝑝 collisions,	is	modified	in	azimuth.

𝜙 = 2𝜋

𝑑𝜎
𝑑𝜙

=
𝑑𝜎
𝑑𝜙"

1 + 𝑃 r 𝐴s r cos𝜙

Azimuthal	cosine	
modulation

𝑁𝝅𝟎	 𝜙 = 𝐴(1 + 𝐵 cos𝜙)

𝐴m =
𝐵
𝑃

𝑁𝝅𝟎	 𝜙 :	Yield	of	𝜋"

𝑃:	Beam	polarization

𝑦

𝑥

• 8	azimuthal	bins.

• The	spin	dependent	𝜋" yields	for	each	bin	are	extracted	from	the	invariant	mass	spectra	in	different	𝑥} sub-ranges	

for	each	𝜙 bin.

• The	invariant	mass	was	fitted	with	a	polynomial function	for	the	background	and	a	normalized	Gaussian

distribution	representing	the	signal	peak.

• P ~	0.7	was	assumed
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Transverse SSA (𝐴s)
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𝒙𝐅 𝑨𝐍 stat.

0.05 -0.0023 0.0009

0.15 -0.0018 0.0012

0.25 -0.0003 0.0011

0.35 -0.0013 0.0014

0.45 -0.0048 0.0012

0.55 -0.0017 0.0028

0.65 -0.0085 0.0043

0.75 0.0136 0.0083

0.85 -0.0067 0.0177

Chi2 = 15.5394
NDf = 8
Chi2 / NDf  =     1.9424
p0          = -0.002004163 +/- 0.000489403 
p-value     =   0.049468

Assuming:

Collision	rate:	4 r 10�𝑠IJ

10[ collisions	is	equivalent	to	25	sec

Assuming	10	min	of	data	taking	the	
error	should	be	less	than	5%
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𝐴s for inclusive 𝜋" production in pp interactions
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In	the	early	70’s	was	believed that	SSA	(𝐴s)	was	nearly	
vanishing	in	the	framework	of	pQCD.

In	1991	the	E704	experiment,	with	𝒑↑	at	higher	pT values,	
extended	the	results	on	large	𝐴s.	

𝐴s nearly	independent	of	 𝑠�

𝒑↑ + 𝒑 → 𝝅 + 𝑿

𝒔� = 𝟏𝟗. 𝟒	𝐆𝐞𝐕 (𝒑𝒃𝒆𝒂𝒎 = 𝟐𝟎𝟎	𝐆𝐞𝐕/𝐜), E704

E7
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64
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99
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46
2

𝐴s =
𝜎↑ − 𝜎↓

𝜎↑ + 𝜎↓

FERMILAB-Pub-91/15-E	[E581,	E704]
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Relative error for 𝐴s
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𝑑𝐴m
𝐴m

~
𝑑𝑃
𝑃

𝛿𝐴m =
𝑑𝐴m
𝐴m

𝛿𝐴m =
𝑑𝐴m
𝐴m

E704

E704

This	work

E704

By	using	the	measured	AN from	the	E704	experiment	at	 𝑠� = 19.4	GeV,	we	can	estimate	
the	relative	error	of	𝛿Am vs x�

The	determination	of	the	polarization	is	expected	to	be	precise	for	0.4 < 𝑥� < 0.6.
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Estimation of 𝜋" yield, detected in the Ecal endcaps for 1 hour of data taking
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0.0	≤ 	 𝑥} <	0.1	:	 9.39654e+08	± 30653.8	
0.1	≤ 	 𝑥}	<	0.2	:	 1.56526e+09	± 39563.4	
0.2	≤ 	 𝑥}	<	0.3	:	 5.04026e+08	± 22450.5
0.3	≤ 	 𝑥}	<	0.4	:	 1.77998e+08	± 13341.6
0.4	≤ 	 𝑥}	<	0.5	:	 6.84376e+07	± 8272.7
0.5	≤ 	 𝑥}	<	0.6	:	 2.66409e+07	± 5161.49
0.6	≤ 	 𝑥}	<	0.7	:	 2.66409e+07	± 5161.49
0.7	≤ 	 𝑥}	<	0.8	:	 2.77713e+06	± 1666.47
0.8	≤ 	 𝑥}	<	0.9	:	 473567	± 688.162

Expected	number	of	𝜋" in	1	hour assuming	the	SPD	
reaction	rate	of	4 r 10�𝑠IJ,	calculated	from	the	
invariant	mass	spectra	(𝜋" → 𝛾𝛾)	in	0° < 𝜙 < 360°

𝑁�  = 	2.2881 r 10¡ ± 4783

~25	𝑠𝑒𝑐𝑜𝑛𝑑𝑠

𝑁�  = 3.29479 r 10¤ ± 57400

0° < 𝜙 < 360°
All	the	azimuthal	coverage

Signal	mass	windows:	
0.090	– 0.180	GeV/c2
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Estimation of 𝜋" yield, detected in the Ecal endcaps for 1 hour of data taking
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0.0	≤ 	 𝑥} <	0.1	:	 1.17536e+08	± 10841.4	
0.1	≤ 	 𝑥}	<	0.2	:	 1.95761e+08	± 13991.5	
0.2	≤ 	 𝑥}	<	0.3	:	 6.29991e+07	± 7937.21
0.3	≤ 	 𝑥}	<	0.4	:	 2.22078e+07	± 4712.51
0.4	≤ 	 𝑥}	<	0.5	:	 8.55007e+06	± 2924.05
0.5	≤ 	 𝑥}	<	0.6	:	 3.32296e+06	± 1822.	9
0.6	≤ 	 𝑥}	<	0.7	:	 3.32296e+06	± 1822.	9
0.7	≤ 	 𝑥}	<	0.8	:	 346309	± 588.48
0.8	≤ 	 𝑥}	<	0.9	:	 57600	± 240

𝑁�  = 	2.8609 r 10� ± 1691

~25	𝑠𝑒𝑐𝑜𝑛𝑑𝑠

Expected	number	of	𝜋" in	1	hour assuming	the	SPD	
reaction	rate	of	4 r 10�𝑠IJ,	calculated	from	the	
invariant	mass	spectra	(𝜋" → 𝛾𝛾)	in	 one	𝜙 bin:	
45° < 𝜙 < 90°

𝑁�  = 4.1198 r 10[ ± 20297

45° < 𝜙 < 90°
One	𝜙 bin

Signal	mass	windows:	
0.090	– 0.180	GeV/c2
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𝜋" yields
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𝜋" yields
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𝑆𝑢𝑚𝑚𝑎𝑟𝑦
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The	𝑝↑ + 𝑝 → 𝝅𝟎 + 𝑋 inclusive reaction seems to be suitable for local polarimetry 
in SPD

The	AN of	𝝅𝟎 for	polarimetry	purposes	can	be	performed	with	large	enough	statistics,	
although	this	should	be	better	evaluated	after	defining	additional	cuts.	i.e.	ECAL-Encaps
granularity.

Better	precision	of	polarization	measurements	is	expected	in	0.4 < 𝑥� < 0.6.


