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Use Bethe-Heitler pairs to measure linear photon polarization.
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Use Bethe-Heitler pairs to measure linear photon polarization.

Bakmaev et al, Physics Letters B 660 (2008) 494-500

1+P 1-P Modern Vectorized Approach
do = 5 do) + ', do |
- [do+doy D do| —doy TT = Pi + P2 = P + P2
5 + 5 pr+m?2  pi+m? ;G
T T pi,» P, are the lepton's transverse momenta
dO'O d0'1
Unpolarized Polarized

do; ~ P,| J7|>cos(2¢; )

Bakmaev’s formulation is really only valid at very large t
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Vectorizing the Classic Bethe-Heitler Formulation

. '/42 et P‘}p _dELdg24.d$2_. (8 p 4.)2(q2 — 4E-2)

137 4x2 k3q* (E.—p,. cosf,)?
(e-p.)*(¢*—4E,*)  2(e-py)(e-p-)(¢*+4E,E.)
(E_—p_cosb.)* (E,—p,cosl,)(E_—p_cosl.)

kY p.2 sin®f,+ p_? sin0_+2p4 p_ siné, sinf_ cos(¢, — qp..)]}
(E,—p, cosf,)(E_—p_ cosf.) '

do T.H. Berlin and L. Madansky, Phys. Rev. 78, 623 (1950)

-

4-

€ is a unit vector in the direction of polarization of the incident
photon.
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Vectorizing the Classic Bethe-Heitler Formulation

do=2 & p+p-dE,dQdQ {(c-pk)z(q2—4[§_2)
137 4x2 kgt (E.—p4 cosh,)?
2E 2E (e-p.)*(¢*—4E,?)  2(e-py)(&-p)(¢*+4E.E.)
Nl — 2 Fye 1 e + (E_.—p_cosb.)* (E,—p.cosl)(E_—p_cos.)
Jr Pyt DPag
El — P1 COS 91 E2 — P> COS 92 +ﬂ_—_p_t"_§i_n?0++g_2 sin%0_+2p4 p_ sinf,. sinf_ COS(qp.,.-—p_)J}
(Ey—p, cosh,)(E_— p_ cosf.) )
q2 qz € is a unit vector in the direction of polarization of the incident
= N —_ photon.
KT = -

El — P1 COS 91 plT E2 — P> COS 92 p2T

Then: do = doy + P,do

2
do, + do 2 2 ‘171}"‘175 ‘
2 (E; — py cos 6)) (E, — py cos 0,)
— |2 2 2
do) = ‘KT‘ cos2¢; ‘JT‘ > ‘KT‘
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MC with BH Cross-Section

7' ¢ p.pdE.dQ.de. [ p,)@—4E?)

2
do = doj + P,do, do) = ~ ‘ JT‘ cos 2¢;

do= 137 4x? k’ | (B, — P cosb,)?
L& )% —4E) 2(@-p,)(e-p)(¢*+4E,E )
(E.—p_cos8.)* (E,—p.cosl,)(E_—p_cosb.)
k’[p‘ sin*0,+ p_? sin®0_+2p, p_ siné,, sinf_ cos(¢, — ¢ )]}
P 1 (E, —p. cosf,)(E_—p_ cos6.) '
Y — 1. Generate e+e- 4 vectors using this
phi Thrown .
45000 E— Entries 4999964 Cross section
= Mean  -0.05548
40000 — Std Dev 98 68
35000 — 2. Plot ¢, from the 4 vectors
30000 f—
25000 |- 3. Measuring ¢, allows you to
20000 - infer the beam polarization
15000 f—
10000 E
5000 E—
0 : L I L L L 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 l 1 1
-150 -100 -50 0 50 100 150
degrees
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2018-01, 2018-08 GlueX data
vp — ete”(p) Reaction Filter

Neural Net Cuts:

Neural Net Classification Cuts (NN1, NN2 > 0.8)

Fiducial Cuts:
8.2GeV < Ey < 8.8GeV

0.25GeV < W,, < 0.621 GeV
Both tracks have hits in the TOF

0,6, > 1.5deg

Vertex cut (Window free): 52 <z <78 cm
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eTe™ Invariant Mass
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Full 2018-08 GlueX data,
(All pol orientations)
Acc. Subtracted

Simulation
run 41451, BKG = random:/41451
RECON = recon-2018_08-ver02_16.xml
\ ANALYSIS = analysis-2018_08-ver03.xml

2 l 2 2 2 l 2 2 2 l 2 2 2 l 2 2
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yp — eTe (p) 2018-01 GlueX data, w/ fiducial+N.N. cuts + pion subtraction
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Y af Y
l(cb)—V” 12 2 cos2¢p(P, + P))

T 2+ Zcos2¢(P, - P))

v+ Ly )
|
N
2018-01 GlueX data (pion subtracted), yp — e+e_(p)

Yield Asymmetry
0/90 runs 45/135 runs

LI
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N,
Y (p)——Y(¢)
19 N, | % cos 2¢(P, + P)) Assume P, % P

YL+%YH(¢) " 2+ Xcos 2¢(P, — P)) And allow for phase
2018-01 GlueX data (pion subtracted), yp — e*te (p)
0/90 runs Yield Asymmetry 45/135 runs
A ! T | |
) A [ pin L
°';J , LT W ) 1 i
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NJ_
Y () ——Y(¢)

N” Z(PJ_ + P”)COS 2(¢ + a) Assume PJ_ ~ P”
N - 2 And allow for phase
Y +—==Y ()
N
2018-01 GlueX data (pion subtracted), yp — e¢e (p)
Yield Asymmetry
0/90 runs 45/135 runs

AT
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Y, () — Y (d)
Y, + Y ()

= 2 COS 2¢

Simulated Yield Asymmetry
> = 0.596 = 0.0030

1 1 I 1 1
150
Degrees
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2018-01 Spring GlueX data, Average Polarization

0 and 90 45 and 135
PP P+ P
TPOL expected average polarization: =0.341+£0.004 TPOL expected average polarization: = 0.344 + 0.004
BH average polarization: 5 = 0.342 £ 0.009 BH average polarization: 5 = 0.336 £ 0.009
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2018-08 Fall GlueX data, Average Polarization

0 and 90 45 and 135
L P+ P e P+ P
TPOL expected average polarization: = 0.345 £ 0.005 TPOL expected average polarization: = 0.342 £ 0.005
P+ P
. [ P+ P
BH average polarization: 5 =0.337x£0.011 BH average polarization: - 5 L 0.332 +£0.013
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e-/1m- MLP response from training samples

m- have low
MLP response
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MLP response
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e- have
high MLP
response

A fraction

of pions from the
training sample
will look like
electrons in
calorimeters due
to charge exchange
reaction, and
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Two neural nets, one for classifying the positive track, one for the negative track

e-/1- MLP response from training e+/m+ MLP response from training

pY = 7z~ 2018-01 Data pY = 72~ 2018-01 Data

"/ Bethe Heitler Simulation '8 Bethe Heitler Simulation
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Two neural nets, one for classifying the positive track, one for the negative track

e-/1- MLP response from training

pY = 7z~ 2018-01 Data
Bethe Heitler Simulation
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MLP response

Obviously, real

Negative Track

2018-08 e+e- data
E/p > 0.4 Precut
(To allow for pions)
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e+/m+ MLP response from training

pY = 72~ 2018-01 Data

10 Bethe Heitler Simulation

10"

10°

0
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0.4 0.6

o'BMLP response1

data isn’t c@lor coded.

10°

Positive Track

2018-08 e+e- data
E/p > 0.4 Precut
(To allow for pions)
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MLP_responsePIP
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Two neural nets, one for classifying the positive track, one for the negative track

e-/1- MLP response from training e+/m+ MLP response from training
F
pY = ntn~, 2018-01 D )1 Data
"/ Bethe Heitler Simulatior ation
o
1 = |
107"
102
oe o'BMLP response1
0°
Negative Tra  Can combine MLP responses from + and - ive Track
” 2018-08 eve- ¢ Lracks to create a 2D histogram 08 ere- data
E/p > 0.4 Precu 0.4 Precut
(To allow for pic .ow for pions)
035— H
o—...OTZ...O;,..Of6...of8...l L.

1
MLP_responsePIM

University of

Massachusetts A. Schick, September 24 2021
Ambherst




Two neural nets, one for classifying the positive track, one for the negative track

e-/1- MLP response from training e+/m+ MLP response from training
1 =
pY = ntn~, 2018-01 D )1 Data N
10 ) ) ) 2018-08 e+e- data, E/p > 0.4 Precut )
Bethe Heitler Simulatior MLP+ VS MLP- ation
. Both tracks look
! like electrons
107"
102
0 0.1 0.2 0.3 04 0.5 0.6 O'BMLP response'
- Both tracks look
.|l_like pions
Negative Tra  Can combine MLP responses from + and - ive Track
ol 2018-08 eve- ¢ Lracks to create a 2D histogram 08 ere- data
- E/p > 0.4 Precu 0.4 Precut
[~ (To allow for pic .ow for pions)
035—
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What Box Plots look like for pure samples

— 0 + -
Q(782) — a7~ 7", 2018-01 GlueX Data, - —>ye'e, 201%-01 GlueX Data,
Cut on 9(782) peak 1 cut on 7~ peak
ol 2.75% £ 0.00% - . 0.09%|+ 0.02% = ogf 0.026%
= F - (8 events)
0.8}~ 0.8
o.7%~' 0.7
2
0.6 0.6
0.5§— 0.5
0.45‘- 0.4
o.aE— 03
0.2%—' L 0.2
s . . : 0 (o)
b 91% . 2.52%/x 0.09% oaf- 0% 0%
RPN IR R TN e AP P NP (PP PP IR IR IS Ll
°0 o1""},2'""65“5‘{”5'5'”56 07 08 09“‘”1 0 01 02 03 04 05 06 07 08 09 1
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p — ntx~ 2018-01 GlueX Data e e (p) Bethe Heltler Simulation
& ] A ke
'151 = 0.9F0. 0022/: + 0. 0006%
0.82—
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0.3
0.2f
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What Box Plots look like for pure samples

0 +,-
Q(782) — ntx~ 70, 2018-01 GlueX Data, 7° — yeTe , 2018-01 GlueX Data,
Cut on 9(782) peak 1 cut on 7° peak
ol 2.75%0.00% . 0.09%|+ 0.02% = 0o} 0-026%
= F (8 events)
0.8}~ 0.8
o.7%~' 0.7
.
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What Box Plots look like for pure samples

Q(782) —» n*nx°, 2018-01 GlueX Data, 7% — yeTe™, 2018-01 GlueX Data,
Cut on 9(782) peak . cut on ﬂopeak

1 — — o 1

0of-2. 75% + 0. 09%

0.8

MLP PIP

2018-08 e+e- data, E/p > 0.4 Precut
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2018-08 e+e-(p) data, E/p > 0.4 Precut 2018-08 m+n- data, E/p > 0.4 Precut

MLP+ VS MLP- MLP+ VS MLP-
; :
MLP PIM
N MLP_. _ > 0.8
k= Coﬁ(clt:/}iil) ﬂz 0.4) ) = 007317 NeorreciedMLP 1 > 0.8) = N(MLP . - > 0.8) — N JoHsim Fpomete-
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2018-08 e+e-(p) data, E/p > 0.4 Precut
MLP+ VS MLP-

MLP PIP

N, OI'I'GCth(MLPIZ'+JZ'_ > 08)

R=— = 0.07317

N(MLP < 0.4)

ntm—
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SUMMARY
2018-01 Spring GlueX data, Average Polarization

0 and 90 45 and 135
N T
TPOL expected average polarization: =0.341+£0.004 TPOL expected average polarization: = 0.344 + 0.004
P+ P P+ P
BH average polarization: 5 = 0.342 £ 0.009 BH average polarization: 5 = 0.336 £ 0.009
2018-08 Fall GlueX data, Average Polarization
0 and 90 45 and 135
.. P+ P e P+ P
TPOL expected average polarization: = 0.345 = 0.005 TPOL expected average polarization: = 0.342 = 0.005
P +P P+ P
BH average polarization: > L =0337+0011 BH average polarization: - > L 033240013

In-depth systematics study in progress: expect at next BWG meeting
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Backups
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1511050.9

University of

Massachusetts

RhoO File.

700 MeV < W < 770 MeV
Theta > 1.5 Deg
FCALE>O0

TOF dEdx > 0

N,

C

OI'I'CCth(MLPﬂ+JT_

N, = 1597963 = # of z"z~ pairs
W/ Electron Cuts (E/p > 0.4)

NMLP_. > 0.8)

=709

NMLP,_, - <0.4) = 8680

f BHsim — 9795
I = 0.00005

pO—ete

> 0.8) = N(MLP_,__ > 0.8)
MLP_. > 0.8
Corrected( ) —0.07317
N(MLP,. < 0.4)

A. Schick, September 24 2021

_Npo fBH Fp0—>€+€_ == 635

472 £0.05x 107

= 0.0000472
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INVARIANT MASS
2018-01 GlueX Data Set, yp — ete™(p)

MC Scaled to Data Maximum

MC Scaled to bin 67
/

2000 M2ekin _ M2ekin
- ; Entries 296177 2400— Entries 296177
— Mean 0.3827 - Mean 0.3827
1800 ,MWM StdDev 0.09306 |  2200) |"’I'i,| Std Dev__0.09306
1600— I} || 'J{ 2000|— I I
- oy SIMULATION g rm SIMULATION
1400/ th{ 2018-01 0 pol DATA 18001 h ;}T-, 2018-01 0 pol DATA
- Wl Pion Sub’d 0 pol DATA 1600 f Pion Sub’d 0 pol DATA
1200 Wi = |
- , -'{{ 1400 |
800 " "ﬂﬂi} 1000{— i
- f W 800 : Wy
- Wy 600 g
400— W - e,
| " 400 - %
200 = § 200(— '
0 I L 1 I 1 1 L I L 1 L I L 1 L I L 1 1 I 1 1 1 0 : 1 L 1 | 1 1 1 | L 1 1 | L 1 1 | 1 1 1 | 1 1 I 1 1 1
0 0.2 0.4 0.6 0.8 1 12 1.4 0 0.2 0.4 0.6 0.8 1 12 1.4
M, Kin (GeV/c?) M,.; Kin (GeV/c?)
: S I Wfﬁbd” o
Pion contamination =1 — = 0.054 5.4% contamination
j WBH dpn

University of

Massachusetts

A. Schick, September 24 2021
Ambherst




University of

Analyzing Power 2018-01 and Analyzing Power 2018-08

@® Analyzing Power 2018-01 @ Analyzing Power 2018-08
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: ; : .
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Invariant Mass (GeV/c*2)
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Want to take the ratio of Pion Sub ratio

Three 0-polarization orientation runs

po exclusive channel
FCAL Energy > 0

TOF dE/dx > 0

52cm < Vertex Z < 78 cm
Lab theta > 1.5 deg

E
700 MeV < W < 770 MeV  ErcaL FCAL
Lpcar > 0.7 —2 505 —>04
Pmeas Prmeas Prmeas
o 1 PR = = o o 1
= T.iond —ss O ; !
31 0.95— = s 3' s —300
0.8/ -
- = 25 —250
0.7 a
- —2
06 3 events - - 1200
05; :
e
0.3; i c _.. 5 .-.
0_2:_ O events I-§I96._ever]t‘ls ...- - 5o
OE...l|....i....|....|....|....|....|....|....11..-a ol e F i gl o % 0.1 02 03 0. 05 06 07 08 0.1 0
0 01 02 03 04 05 06 07 08 09 1 o0 01 02 03 04 05 06 07 08 09 1 MLP PIM

MLP PIM MLP PIM
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-XT PARAMETER STEP FIRST
NO. NAME VALUE ERROR SIZE DERIVATIVE
1 po 7.06493e-01 4.41436e-02 2.28822e-04 -8.47289e-04
2 pl 4,58822e+01 1.78427e+00 9.24932e-03 -9.67490e-05
3 p2 -6.32289e-02 8.62203e-03 4.,46909e-05 -1.36587e-02
A+ DAcT+N+w )l Ll Tmdr TEA+DAaral+

- | f L

0:— { } } / } * ! {
4,.;_H
. .1 1 1 ] ] ] 1

-50 0 50 150
Jr-6 (deg)
EXT PARAMETER STEP FIRST
NO. NAME VALUE ERROR SIZE DERIVATIVE
1 po 6.58293e-01 3.12650e-02 1.33580e-04 -3.43770e-03
2 pl 4,29888e+01 1.34371e+00 5.73949e-03 6.81372e-05
3 p2 -7.33637e-02 6.77238e-03 2.89356e-85 -6.93483e-03
il i
0
-0.1
-0.2
-o.af— J }
s } }
-0.5':—| 1 PR | 1 | 1 | 1

-50 0 50

University of

Massachusetts

45 and 135 BINS

NAME

NO. VALUE ERROR SIZE DERIVATIVE
1 pe 6.06210e-01  3.20520e-02 1.34768e-04 -5.69979e-04
2 p1 4.20410e+01  1.48886e+00 6.26029e-03 -2.32251e-05
3 p2 -7.76774e-02  6.72543e-03  2.82787e-85 5.68403e-03
02— {{
0.1 } * +
0 {
-0.1 } } } * }k}
oo\ k | 1
-03— k {
-0.4— {
IR TSR ST RS ST S RS STSN A NS SN SRR R R
-150 -100 -50 0 50 100 150
il | |
EUM=/ .030485€—-0Y DQIKAIELY= L EKKU MAIKLA AUUUKAIL
EXT PARAMETER STEP FIRST
o NO.  NAME VALUE ERROR SIZE DERIVATIVE
" 1 pe 6.64818e-01  4.77430e-02  2.02997e-04 -1.12271e-03
2 p1 4.04081le+01 2.07640e+00 8.82509e-03 -1.55602e-05
3 p2 -7.43435e-02  1.03725e-02  4.40843e-05 1.01964e-02
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Integrated Result

0.34413550 0.0091802500
0 and 90 2018-01 runs
0.2
0.1
0.1 J[
-0.2|— J[ Wl J[ ][
-0.3— + 1[ |
- | J[ l
8 EXT PARAMETER STEP FIRST
8 NO. NAME VALUE ERROR SIZE DERIVATIVE
8 1 p@ 6.88271e-01 1.83605e-02 8.15359e-05 2.91234e-05
g8 2 pl -3.02838e+00 7.58773e-01 3.37016e-83 1.51305e-06
8 3 p2 -1.17371e-01 3.77422e-03 1.67607e-85 2.58969e-03
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-1so e 0 L0, 0,009, e
EXT PARAMETER STEP
NO. NAME VALUE ERROR SIZE
1 po@ 7.41500e-01 4,.24776e-02 2.12873e-04
2 pl -3.21404e+00 1.65344e+00 8.28635e-03
3 p2 -1.12854e-01 8.34054e-03 4,18008e-05

(TEi+Rocu1+Dt+r) enullntry TEitRoacul+s

FIRST

DERIVATIVE
1.50536e-02
4.86453e-05
4.35007e-02

EXT PARAMETER STEP
0. NO. NAME VALUE ERROR SIZE
1 p@ 6.51302e-01 3.02142e-02 1.15405e-04
2 pl -8.47376e-01 1.30422e+00 4.98434e-03
-0 3 p2 6.52371e-03 2.49181e-05

-1.14192e-01

V

n l I:UM=1.L‘|);4J.OL':EJL/ l bllKAII:l:'Y= 1 I:KKH‘J; ATKLX AUUUF

FIRST
DERIVATIVE
4.50766e-03
-4.09018e-04
-1.01079e-02
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150ll
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EXT PARAMETER STEP FIRST
NO. NAME VALUE ERROR SIZE DERIVATIVE
1 pe@ 6.47099e-01 3.07853e-02 1.47195e-04 5.03840e-03
2 pl -5.55138e+00 1.3428%9e+00 6.42197e-03 6.72952e-05
3 p2 -9.76948e-02 6.46838e-03 3.09276e-05 -6.88202e-03
0.3
0.2 k l
wlliloo o W s
EXT PARAMETER STEP FIRST
NO.  NAME VALUE ERROR SIZE DERIVATIVE
1 pe 6.41787e-01  4.64740e-02  1.93869e-04  5.79268e-04
2 pl -1.58603e+00  2.11244e+00  8.81191e-83  2.82142e-05
3 p2 -1.11943e-081 1.01399e-82  4.22976e—-05  9.99227e-04
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