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Extracting Po\arzed PDFs

~ /1'

W ~J § JD_L_._ i
Different partonic cross N o=
sections have different VA
analyzing powers . C >~
* Final states in general By
correspond to multiple initial p = ,,J
states. '
' : 1 o= sh i FX )
» So: extracting polarized PDFs = _ Znsg M x Al x [d67 727 83577 | x D,
. . . qu_».
requires measuring multiple 2o gy J1 X fox [dENT2IX ] % Dy
final state asymmetries to »
disentangle. al' P = GG [ X g fifo fX
 TL/DR: Continuing analysis
begun by Pedro Montuenga: A (04 +0__)—(04_+0_1)
0 LL = .
Measure forward mo asymmetry (04 +0__ )+ (04 +0_1)

at 500GeV, help constrain AG
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PHENIX

PHENIX Detector

PC3
2 Magnet TEC, a8

,_-FC3 Central

A
;f
e /DC and BBC for -
luminosity monitoring
¢ MUOH PIStOﬂ West Beam View East -
Calorimeters (MPC) for [, com :
10 reconstruction
ZD(‘Soutb -;T ZDCNonh
14 Side View - I||N|

s 185m= 60
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Muon Piston Calorimeter

¢ 2.2X2.2X18Ccm
PbWO4 crystals

e Moliere radius
~2.0cm

¢ 3.1<n<3.9 (N)
e -3.1>n>-3.7 (S)

July 22, 2020 Spin PWG Update Run 13 Pions




10 Cuts

* Not "Good" cluster if:
lisCrystal -- cluster core has an invalid fee. Never happens.
iIsWarn -- cluster core is in the warm-tower map
l(11cm<r<19cm) -- cluster may not be fully contained
pt<1.0 -- cluster pt below our lowest ptbin
e Cluster fails pion cuts if:
mult<3 -- cluster has fewer than 3 towers
disp<be-4 -- cluster energy is extremely concentrated
chi2core>30 -- pulse shape does not look like EM shower
MEC pion yields vs runnumber raw clus. in N+S
3 good clus. in N+S
' ) o : —— goad+cuts clus. in N+S
1 P d Lﬁ ﬂ ) ﬁ Wﬁ% @FE i fthmH*IH r];ﬂiﬂ ! pr ? | MMW AM\%H
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10° BT
10° !
10
1 | 1118 L | Ll 1y i Lo ULl Ll | | |
July 22, 2020 Spin PWG Update Run 13 Pions



Asymmetry Calculation

 From pion yields, (and spin database for polarization and
scalers) generate asymmetries per-run:

P Yiuld by plhin lor B Y- Unli<e [lika) zde-nanrce luri scaler sun s Faaizaiee o B--

e By 27 [__hlctalucy g Wi Byt
— e ZEI Fan == E -1 ~ Sulvies PR
tiear TR T = Ve - dpar 0.7
13 0% IS - *dear UL
(i ] - A
_ | IS
= 1200 — E
- - - —
- I— ikl |— —_
il 18— [
= \_ L
v 2 (S T S S SN [ S SN T N S ST S N U S SR S S T S a I-
-0 14 " o€
ke 3

1 Nttt _RN*t-

Ailizster — cluster cluster
-+ -+ —
Pbpy Ncluster + RNcluster

 From per-run ALL, generated final, error-weighted average:
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Asymmetry by spinpattern

Waightod asymmatry vs pl for runs with spinpade21
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Waightod asymmatry vs pl jor runs with spinpate=22
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Waightod asymmatry vs pl lor runs with spinpate25
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Waightod asymmatry vs pi for runs with spinpate=23
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Old Bunch and Run Cuts

e Working to reproduce series of cuts for relative lumi QA:

1. remove bunches that were live for fewer than 1e6
clock pulses (this cuts short runs, and is similar to
Pedro's GL1 to starscaler cut)

2. remove bunches where livetimes were below 70%
(similar to Pedro's run-by-run cut on same)

3. remove bunches where singles-to-doubles are too
far from the main line (similar to Pedro's cut on fills
where that ratio is not linear vs rate)

4. remove runs where 20 or more xings were cut for
reasons from the previous (not all bunch xing cuts
listed here)

5. remove runs where the bunch shuffling RMS was
above 1.0
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Revised Bunch and Run Cuts

» Finalizing run QA (tracks Pedro's with a few additional

items). Cuts divided by concepit:

A. crossing cuts: Remove bunches or runs where data
from certain bunches alone implicates the bunch or

the entire run.

B. coin scaler cuts; remove bunches and runs where
behavior of scalers compared to each other suggest

something is unreliable.

C. singles scaler cuts: remove bunches where singles

nehavior deviates from the other
ivetime cuts: cut any remaining

m O

group for historical reasons)

ounches in that run

OUSY bunches.

tatters cuts: remove runs that have lost more than 20
ounches (and a cut on run outliers that is in this
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Crossing-Based Cuts

cross:fill {bbcwide} cross:fill {bbnent/bbewidecnt}
3 "
1201 |UMEAR 0 MG GASN I SRR B S ]
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fill

* Halt-empty bunches near 30 and 70
 Abort gap at 111-120
* Dead crossing near zero shifts in early fills

g 28 8 8 8 8 8
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Crossing-Based Cuts

bunch vs fill near 30 and 70
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* Half-empty bunches near
30 and 70 turn normal

(bbc>0.1) vs run for empty bunches

about halfway through ﬁ near transition

the fills. Remove by PE - - — B
requiring " |
bunch_bbcwide>0.05 sl

(this also takes care of A

most of the abort gap) ]
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Crossing-Based Cuts

bunch vs run near transition fill vs run near transition
t: g.:_’ll:l - 4
; : 1
Ry 'q,g 17200 ;_ lf3-5
P - 17208
15 I o 17207 -
3 17206 F =25
.0.5 = .
28 208 - 2
— E
2 17204 - I I i
=03 =
15 17200
- i
1 0.2 17202 :— I
4.1 17201F- . -
vl 'R IR B L1 0 FQQ-EIIIllllllllllllllllllllllllllllllllllllll
T T R T R T T %6 A0 160 120 140 180 B0 200 220 240 280
rrrrrr o0 run-1&E700

 Empty bunch jumps from crossing 2 to crossing 1
in fill 17209. Remove by requiring fill>17209 (could
recover?)
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Crossing-Based Cuts

crossing vs run after existing cuts

e 3

Ennes 119558
Mean x 1.743c.04
Mean y 55.72
AMS x 114

AMS y a2 .02

7200 17250 17500 17350 17400 17450 17500 17550 17600

* bbcwide cut removes most of the abort gap (and

some other bunches here and there). Re
abort gap entries suggest high backgrou
throughout run. Remove by explicit veto

maining
Nds

runlist (33).
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Crossing-Based Cuts

number of abort gap bunches
passing previous cuts _

Enkries 267 12 Entries 257
v 1.005e404 - Mean 0.32

abort gap bbcwide spectrum
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* bbcwide cut removes most of the abort gap (and
some other bunches here and there). Remalining
abort gap entries suggest high backgrounds
throughout run. Remove by explicit veto runlist (33).
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After Crossina-Based Cuts

24

Erass

1(!.')3—

0 17250 17300 17350 17400 17450 17500 17550 17600
fill

* removed bunches with:
* xing==1, xing>110, bbcwide<0.05
* remove runs with:
e fillc17211, fill==17443, run in loud abort gap runlist
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Commdence Sca\er Cuts
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* Run-by-run Comparlsons of star scalers to gl1 scalers
shows some variation

e As does bunch-by-bunch comparison to available gl1p
scalers.
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Coincidence Scaler Cut

* Remove gl1 to starscaler sums by requiring the

ratio

n runs

n clks

L
‘bbc ratio

.........
0 o2z 1 45 6
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Coincidence Scaler Cut
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* Apply similar cut on ratio of star scaler to glip
scalers: star/gl1=1.0+0.001

* very narrow peak with little noise nearby
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LE

After Coincidence Scaler Cuts

llll

b

* removed bunches with:
» abs(star/gl1p-1)>0.001
* remove runs with:
e star/gl1>1.015, star/gl1<0.99
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Singles Scaler Cuts

slar_zdscnslar_clastar_bbewide sla-_sdnenUstar_clk star_bbowide slar_bbscenl/star_ck.s.ar_bbowaide slar_borcoUslar_clk star_bbowide
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Subtler outliers in singles identified by rate tfar from
the trend line (both quiet and noisy) suggest
monitor may not be reliable there

SN TS f £ & f =
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Singles Scaler Cuts

slar_zdscnslar_clastar_bbewide
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o Fit with 2nd order polynomial. First pass remove
outliers abs(star_singlerate-trendline(bbcrate))>0.1
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After Singles Scaler Cuts
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 Remove runs with significant deadtime in star

star clkistar rolk

Singles Scaler Cuts

star_clistar_relk:git_clocklivergil _clockraw

(Star_clk/star_relk)/(gl1_clocklive/gll_clockraw)

18000 htemp
- Fra as ¥IR7A
lm - 16( L
i Maar .47
14000 Suifce NG
i —14c i
B - 12( i
= 10000
06 —10C B
i 8000 =
0.4} o0k
I 50 6000 i
i : |
32_ o
- i
u soc 2000 J‘J/f l
-' : [Ib\'_! J
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0 0.2 0.4 0.6 0.6 1 0.7 0.75 0.8 0.85 0.9 0.95 1
gl _clocklive/gll_clockraw (star_clkistar_relk)fglt clocklive/gll clackraw)

scalers (require star_livetime>0.70)
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Tatters Cuts

crossing:star_run Remaining Xings Per Run Remaining Xings Per Run
hXingPerRun hXingsLch
™ . w = =
; 120}- o Fmeas e Fralr s and
: i E W T T W M Mear ‘053
5 : g - sy 1 —-_I|"_'l "me SDdEe\' &337
100
100 I
i T =
BIJ - -clJ i
sol- aaf-
40 40
NI | T | | I P I 1
386 E6 EE a0 392 394 39 20 40 a0 a 100

* A few runs are hard-hit by these cuts. They likely
have issues, so just remove them. (require
n_bunches>100) (10 runs lost)

crossings
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One more Coin cut
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« Compare the zdc/bbc ratio per bunch to the run average,
remove outliers. (require abs(ratio/ave-1)<0.2 ) (~140 crossings)
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Rate eorreetron

EOC coin Wi dele camecion

Rl el e s ol ot ol o e e o e

‘ l l l l \J

Performed rate Correctron per umi paper -- two
different methods, same result.
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Nonlinearity Correction

ZDC south exclusive 1-2 ratio vs cotrected rate (Oth order)

* You probably know this, but rate correction H “F -
only holds if kn is the constant P T
representing the ratio of fundamental i :
probabilities between singles and doubles. ol

Let's assumepn meas = en (1 + Ap)p i3
hence/«LN,meas — 6N/ENS(1 + A:LL)/'LNS -

since we can insist that one of them is constant, o T s

and move the dependence into theother.

BBC south exclusive 1-2 ratio vs corrected rate (Oth order)

then kn meas = epsilony /ens(1+ Ap) — 1

g .’1.28_— |
kNmeas = epsilony fens(1 + Ap) — ens/ens = onf APy
kN meas = (epsilony (1 4+ Ap) — eng)/ens o ety
kN,meas — kN,true + AILL/GNS n.22f- :
: . 0.2
and without loss of generality i
018
k’N,meaS = kN,tfr’ue —+ BMNS u.fs:—
* Try to fit this fill-by-fill to iteratively extract the B B M A s

residual rate dependence to get better estimates
of true kn,ks and hence true bunch lumi
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Status

* Dug deep into scaler behaviors
* Applied rate and first-pass noise corrections to

remaining bunc

* Working on the
cuts.

nes (cur

ounch-s

rent

Nuff

y not converging

iINng analysis with t

right)

nese
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MPC Cluster Data

 Expected to be predominantly o,

o Cluster pulse shape analysis to distinguish photons
from two non-photonic signal types.

Normalized pulses - Channe! €8

s 1 )
.g .g C—
- B 4
Q
2 T 3
7 3
06— "~ merged n®
- 777 mergedn
- B direct y
04— | other vy
i L h+
02— | h- s
- | other AR
- 02 | ! 1 1 1 | 1 1 | 1 1 1 | 1 1 1 |
o v VA AN AA AL LN A LA AR A A A AN ALY A L LA AN A AAN AL A ~ E s 4 G B 10 N
0 1 2 3 4 5 6 7 timesample}

8 9 10
Cluster P, (GeVic)

Figure 8.1: Cluster decompasition from PYTHIA and GEANT at /3 = 500 GeV 54].
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Bootstrapping

Pulse type | Energy Range | E8/E9 range

. Photons > 50 ADC > 0.05
- .—. NP1 > 300 < 0.05
. NP2 > 300 < 0.05

Table 5.1: Initial set of cuts for each pulse type.
Figure 5.5: Ratio E8/E.

NP1 v& Photonic Chi2mdf NP7 vs Photonic Chi2indf

_ i _comp

2 T et Lt am . wo*|Erviee 156726

- o e T L. o™ e mmdNeanx  GIA ) 0
2 g i TR [ I PETY

bl - - = RMEx 12

$ ewp - ‘

1o 20 14C 160 150 2':0
Phatonic 202 O nd!

Photomc CH2 ndi

Figure 5.7: Left shows the result of x*/dof when ftting pulses in the photon seanple to both the photorn
and the N21 shape. Right shows the same plot for pulses in the NP1 sample. In both of these plots we see
that; despite most of the pulses have a good fit value when fitting to their intended pulse shape, a fraction
of them also have pood values whern fitting them to the oppasita shape.

From initial cuts, remove events from each category if they have low chi2 when fitting
using the template of the other set.

* |terate this procedure to refine the template. Use chi2 as a discriminate between samples.
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Polarization Checks
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Luminosity Asym Cross-checks
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