Intro to AT Corrections



AT Detector Picture
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Four A detectors to monitor transverse (horizontal) polarization (Up/Down)



Azimuthal Angle

Vertical A, o< cos ¢ Horizontal A o¢ sin ¢

¢ 1s azimuth relative to horizontal, ¥ 1s azimuth relative to vertical

0, + sign for LHRS, - sign for RHRS
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cos (y) correlated with O " and sin(y) correlated (I)tg



Transport Coordinate System
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Acceptance

<6,,> Weighted Acceptance <cos¥)> Weighted Acceptance
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Toward negative @ g 1s beam center

Gtg up/down (Horizontal Pol), P left/right (Vertical Pol)
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Events at the top/bottom
are A_enhanced. Those
events are more sensitive
to AT compared to events
at the center of the
acceptance.

At main detector, would
like <0 tg> = (. Main
detectors not sensitive to
horizontal AT

A . detectors to accept
events at top/bottom of
acceptance.



PREX (LHRS) A_.In

6¢ at the Target
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PREX (LHRS) A, Out CREX (LHRS) A, Out

8¢ at the Target

0¢ at the Target

accept
Entries 110722

accept |
[Enties 12906
[ Meanx -0.001927
[ Meany -0.002737
| Std Dev x 0.007887

Meanx  -0.00589
Meany -0.002735
Std Dev x 0.005194

StdDevy 0.01917

| Std Devy 0.02006

_60 I"|Ill[‘llllli‘Illil1]1]]I1‘Illll'llllll‘lllll"X1O_3

—26 _15 _10 _5 0 5 10 15 20 25 30 _60_Ill\‘JIII‘JIII'\\\J'III\‘III\‘\JII'I\\\]I\\\‘IIIIX10_3
-20 -15 .10 -5 O 5 10 15 20 25 30




Definitions

Integrating Mode

Am’usl - reg_asym_usl mean

A

PVusl Am,usll B ATV,usl' ATH,usl

Same expressions for
upstream right and A
detectors as well as various
combinations

Counting Mode

A Ansatz A, = %Am /Q2

‘41’\-'.{15/ — PL"_"I)‘.(QHSI

o A A 2 '
..‘4'1"_".”51 — P\E"’l” (2HHI < (ng >

) > A A 2
Artust = PugAn\/ Q2% < 619 >

Q?, <0>, <¢> are from counting

Hatted quantities for dimensional
analysis



Vertical Transverse Polarization

Perfect spectrometer has cos(¢) =1 on LHRS and -1 on RHRS
Purely vertically polarized beam, A ~-A

usl m,usr

<p > < . .
(I)tg w1 and <btg>usr have opposite sign

-'4171.115[ — PL‘AI’V(Q?,,;[ < P\Zlf&n < (Dtg = usl +PHZKAAH < Hfg = usl

/ ek : A A A4
44172.:151' = PIJ"’{I’\'(QZ + P\'Zfln = (Dtg = usr +PH ‘Z‘An < Htg = usr

usr

We will take the average and double difference
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Vertical Transverse Polarization

2 i J“ {+62usr 2 "t (211'-1
Cusavg — 2 ’ Cusdd —

- 1” 2 A <Ptg>usi+<Prg>usr A <Otg>us+<Oig>usr
AI“,US(].L-‘_(] = PL‘AI)"".QUS(I.L’_(] + P‘ 44"‘ g u g-—u _|_ PH ‘4"‘ g-"u g--u

2 2

/ . / 2 2 < Ptg >usl —<Ptg > usr <62 >‘u.@l_<92 > usr
""lm.usd(l = P L fl[ Vv (2“_3([,;[ I P V 4"11?. = 2 - =5 P, H 4"11?. . 2 .

Term sensitive to P, is suppressed in double difference.

If Q2usl +Q? W » We must correct for it
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Vertical Transverse Polarization

. 2 2 <(,bl_q> ,ql+<¢>tg>usr <01g> _-,-l+<6tg>usr
Am ausavg — L *41 V Qu savg + P, V An . 5 = 5 H A n - 5

<(p")tg Pusl— <(;.’lg > usr
Am,usdd T .41 *Vausdd ~ P V An 2

Now we measured A_ for a purely vertically polarized beam so we have

T A <Ptg>usl+<Ptg>usr
Am,usavg = PVA"‘ = 12 - AT ; :
"'lm.usal:g _ SQtgZusl < Qtg Pusr -
T A T Suse <t
4:1‘ — P! 4 < Ptg>usl —<QPtg >usr . .
“Amusdd V4n 2 ¢ is left/right apparatus asymmetry

§
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Vertical Transverse Polarization

. 5 2 <(,:‘)l.q> ,-._('+‘<‘,bt g=usr <619> ,~.;l+<91g Zusr
*Am awsavg — L *AI’V Qu savg -+ P\ rl,, - 2 =1+ PH rl,, - 5

<(,l")lg >|151_<¢)!g>uﬁr
A m.atsdd — 4“11 'Voausdd ~2 P V 4“11?, 2

AT . \
‘Am.u.sm:g P <(Dt_q>u_v.;l+‘<(Dt_q>u.-:r — E
‘4£l.lx.€r1(i <(-‘Tl)tg>"-‘il—<(bt.q>”-"" T

§ measured in integrated mode. We cross check with counting data to show those
measurements are within error



Vertical Transverse Polarization Correction

Correction to A, due to vertical transverse polarization

‘4'1"”-“-"'”‘77’.‘} - ‘Am.usr‘ld.col‘rf_- f"m.us(l(l.corr — 44771.11.3(!(! — fll *Vousdd

Magnitude of PV given by ﬂ_ A m.,usdd.corr

> — AT

““m.,usdd

+ A

m.usl ATV,usl - APV,usl TH,usl

- +
m.usr TV,usr PV,usr TH,usr



Horizontal Transverse Polarization

Four A . detectors to monitor transverse polarization
Amatr = PLApyQluy + PvAn < b1g >ats +PrAn < 15 >am
Amatz = PLApy Qs + Py A, < Gtg >att2 +PuAn < big >ati2
Am.atr1 = PLApy Q2.1 + Py An < 19 >atr1 +PrAn < 019 >atr

"4"1.(111‘2 — PL‘A]’V(QMI-'Z + P\’f‘ln < @tg = atr2 +PH4"171 < gtg = atr2

Different combinations can suppress the vertical transverse or vice versa

Recall that <¢> opposite sign with <¢>

LHRS RHRS
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Horizontal Transverse Polarization (LHRS)

Recall that <¢> opposite sign with <¢>

LHRS RHRS

Recall that each A _isolates events at top/bottom of acceptance

<0 > ite si
<etg>at11 and Otg D have opposite signs

Consider double difference of A s on LHRS (same for RHRS) - vertical transverse suppressed

; —~ i (2;2 I -—(2;‘)' 19 A <O > 1(1—4'\'9h > atl2
‘4172.(1”([(/ o~ PL‘AI"" . 12 =+ PH ‘A” = 2 =

; — o] . A" 2
-‘4171.usl(rm'r — "4']‘12.“.5[ — ‘4'1'\ usl — PL*AI’\'CQHSI + PH ‘4’? < 9'!/ >“-”[
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Horizontal Transverse Polarization (LHRS)

o A, G Qiz —Qi 1 A <Otg>an1—<O1g>ati2
-'4171.(11.[(1(1 ~ })Lf‘]’\"t—lzt_.2 + PH ‘An — 2 —

*‘4"2.115‘[(_‘01‘1' = ‘Am.us( - "4'1'\'. usl — PL‘AI’\“’ Q;Z,.,[ T PH *‘411 < Htg > usl
Subtract Q? dependence for A double difference

A <lig>aii1 —<big>at12
An D)

-‘4"1.(l-N(l(’.(.‘Ol'l‘ — 44171.(11(([(! — 441’\*'.(11[(/(/ = PH

‘4'1'H.u,sl — PH*An < gtg > usl
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Horizontal Transverse Polarization Correction

Corrections due to transverse polarization

4 : ) = Am‘alhhl.r'm'r 4 . — M

. 1 H.”'-., £L1!l?§‘ £ 1 1"1.“.'1] fl{l!l?s
¢ _ <Og>atnn —<big>ani2 ¢ . Sbig>atr1—<big>atr2
SLHRS 2<Oig>usr 7 SRHRS 2<b1g >usr

We have two Independent measurements of horizontal transverse polarization

One for each arm



Q? Differences

‘41’\".“5[ — -Am.usl = ‘4'1'11.113[ = *4'1'\--",11,3( == PL‘AI’\*’QUS[

‘41’\7.7151' — rlm.u:;r - rl'I'H.u.-fr - ‘4'1'\-"'.?157' = PLfll’\"Qusr
Consider the average and double difference

f"ll’\f". usdd — f"‘] Vusavg Q'“)L

usavyg

Correction due to Q? difference
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