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Two-photon exchange theoretically
suggested :

Interference of one- and two-
photon amplitudes

e = et = ae= —a

- Measure ratio of positron-proton
to electron-proton unpolarized
elastic scattering to 1% Precision!!
in stat.+sys.



Electrons/positrons (100mA) in multi-GeV

storage ring
DORIS at DESY, Hamburg, Germany /\

OLYMPUS prepared at DORIS/DESY since

2010. O_DfMPUS

Took full data set in 2012 with two periods. / \

Comparison of e*p and ep elastic scattering

to study the effect of “Two Photon Exchange”.

DORIS Electron/Positron Storage Ring

DORIS




Internal Hydrogen Target GEM+MWPC Telescopes

Wire Chambers %

SYMB Calorimeters

DORIS Beam Line

Time of Flight Scintillator Walls
8 Sector Toroidal Magnet 5



2 tGEM telescopes, 1.2msr, 12°, 2m
R=187/237/287cm, dR=50cm, 3 tracking planes

Forward telescopes
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PNPI - St. Petersburg

' .

MWPCS (multi wire proprotional chambers) - / ////, '
" 4

GEMs (gas electron multipliers)

Hampton University/MIT
INFN Rome, Genova
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. = “|RMSx 3054
'l'- l. .. * |RMS y 29.15
: « |Integral 0523

They are being used for beam particle trajectories.




Triple Ratio:

Run the Experiment for the 2 beam particles: e-and e*
Frequent switching between e+ and e- to reduce systematics
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Ratio of Ratio of
counts acceptances

®* Forward-angle (high-epsilon, low-Q) elastic scattering means that the effect of
two-photon exchange is minimal, hence cross sections: (0., = d,)

®* Two Telescopes: Left-right symmetry = Redundancy
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STEP 1
(Acceptance
integrated
differential
cross-sections)

STEP 2
(Luminosity)

STEP 3
(Comparing
luminosity or
accepted
cross-sections)




Cross Section (cm”2)

STEP 1
(Cross-Sections)

0 DATA and MC Cross Section
—u— DATA Positrons (e+)  |...... p0 1.465e-32 + 8.486e-36
—e— DATA Electrons (e-) o p0 1.414e-32 + 7.294e-36
—u— MC Positrons (e+) | p0 8.58e-33 * 6.652e-36
—— MC Electrons (g-) |- pQ 8.14e-33 + 4.136€-36
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Cross Section Ratio e+/e- in MC=1.73
Cross Section Ratio e+/e- in DATA=1.70

9000

9500
RUNS
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12-degree Luminosity (cm”-2)

STEP 2
0% 12-degree Luminosity Measurement
800

750 —=—— [Track_DATAJ/[Sigma_MC] Positrons (e+) |- ..............................
700 .............................. ..............................
650| ——e—— [Track_DATAJ/[Sigma_MC] Electrons (e) |- ..............................
600 f

550
500
450
400
350
300
250
200
150
100
50

6000 6500 7000 7500 8000 8500 9000 9500
RUNS 1
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Cross Section Ratio

1.06

0.95
0.9
0.85
0.8

STEP3 %
(Comparing Cross Sections)

DATA/MC Cross Section Ratio

—a— DATA/MC Positrons (e+)

—e— DATA/MC Electrons (e-)

p0  1.036 £ 0.000796

p0  1.054 £ 0.0009525

6000 6500 7000 7500

8000 8500 9000 9500
RUNS
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* Fitting 5 out of 6 elements together with MWPC chambers
* Vicinity search for the testing element within 5 “sigma” radius
if there is hit closer to track projection in the 2D areas.

“sigma” = sigma of residual [hit-track]
about 400 pm.

* Binomial Probability

- If detected (success)

- If not seen (inefficiency)
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Efficiency vs Sigma
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[hit-track] as a function of sigma |—— Data

— —— Background fit
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% 15
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[hit-track] as a function of sigma
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US GEM Error Map

E 60_
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3000
The Iterative Process: 2500
2000
* Fitting 5 out of 6 elements 1500

* Varied the “weights” for tracking oo
* Used the formula:

500

obi.
(O-resi)zz(O-i.reso)z-l_(cdtr)2

3000
2500
-2 resi = residual [hit — track] 2000
—2 i.reso = intrinsic resolution 1500
—>dtr = track uncertainty 1000
500

* The results are stable and similar

for the other GEMs and MWPCs. T

htemp

US GEM X Resolution Entries 21183

= Mean -0.006486
— RMS 0.09872
B Integral 2.116e+04
B %2 I ndf 123.1/19
[ U S G E M Constant 2881+ 24.7
- Mean -0.007215 + 0.000541
N X Sigma 0.07809 #+ 0.00040
= 78 um
L I 1 I Ll 1 1 I 11 1 1 I - Ll I 1 = I Ll 1 1 I 11 1 1 I | I I 1

2 -1.5 -1 -0.5 0 0.5 1 1.5 2

i htemp
US MWPC X Resolution Entries 21183

= Mean -0.05214
- RMS 0.358
- Integral 2.116e+04
C US MWPC 2 I ndf 77.94 /12
. Constant 2973 £26.2
L X Mean -0.04639 + 0.00186
— Sigma 0.2591+ 0.0015
— 259 um
| | | 10 ’}l | Il L L | Il | L Il |

6 -4 -2 0 2 4 6




EFFICIENCIES
(‘%" percentage)

LEFT SECTOR 96.0% +/- 0.3% 94.8% +/- 0.3% 95.8% +/- 0.4%

RIGHT SECTOR 95.5% +/- 0.3% 94.4% +/- 0.4% 96.2% +/- 0.4%

RESOLUTIONS

(‘um’ micrometer)

LEFT SECTOR 76.0 +/- 0.5 78.8+/- 0.5 73.8+/-0.4
(X Axis)

RIGHT SECTOR 78.0+/-0.4 74.4+/- 0.5 72.1+/-0.3
(X Axis)
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} 12-degree Trigger Efficiencies for Right Sector I

\
\

The Two Alternative Lumi Events:
* Lumi Trigger (Coinc. SiPM) & Opposite TOF Trigger proton
» Lead Glass Trigger & Opposite TOF Trigger

Trigger Efficiency Monitoring by Lead Glass:

- Project Tracks onto 12-degree Scintillators .
- Lumi Trigger Fired = Efficiency //electron

- If Missing Lumi Trigger = Inefficiency

SiPM Coincidence Efficiency Right Sector

O e T S S x* [ ndf 376.2/148
g 1002 p0 0.9988 + 2.917e-05
= [ : : : : : : :
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GEM (MeV)

narison Plots: GEMs

Momentum GEM vs MWPC Z Vertex GEM vs MWPC
Enties 93072 g 93072
Mean x 1767 £ -30.54
Mean y 1729 ~ -16.95
RMS x 4736 S 1214
RMS y 4n wu 118
Integral ~ 9.246¢+04 0 8.767e+04
% R 00 G0 20 &0 W0 B0 S0 40 0 A0 A0 0 1 2 W a0
MWPC (MeV) MWPC (mm)
Theta GEM vs MWPC Phi GEM vs MWPC
Entries 93072 8 Entries 93072
Mean x 12.67 0 Meanx  0.7084
Meany 1275 > Meany 03918
RMS x 1.029 J RMS x 2.748
RMSy 1.014 s RMSy 2.659
Integral ~ 8.81e+04 L Integral 9.231e+04
a

GEM (degree)

____________________________________ 0

*MWPC (deg?ee) 25
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Entries 93072
Mean -39.13
RMS 477.6
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Phi_GEM - Phi_MWPC

E_ Entries 93072
f_ Mean -0.07138
E_ RMS 0.8735
= Integral 8.185e+04
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Momentum Proton vs Electron Z Vertex Proton vs Electron

S 800 \ T T, ’é‘ Entries 2538457
: . M 14.49
v 0 Calculatio \ Mean x 1832 | 13 M:::; 3108
2 700 B — ; e Mean y 436.6 || S RMS x 109.7
S 650 " RMS x 285.7 | ..6 RMS y 110.9
= E RMSy 94.82 e Integral  2.446e+06
e 600 = Integral 2.219¢+06 | 0o
o 550
| S
= i g
450 =y e
400 F= 2
— - R
350 ; —" .....
300 i 2 : .........................
250 F R
:I 1 1 1 1 1 11 I L1 1 1 -I—T _I :vI' 1 -I 1 1 L 11 1 11 1 1 0 - - -
20800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000 400  -300 -200 -100 100 ZO(I)EI ectsroc())n ( n;‘ror?)
Electron (MeV) '
Theta Proton vs Electron Phi Proton vs Electron
D sl Entries 2538457 | AEA”‘"ES 255’8‘;37
o L Mean x 12.73 B 0538¢
(o B Mean y 70.52 Meany 04782
3 RMS x 0.9172 RMSx  2.585
= 5[ RMS y 2501 :*':"S , , 393-132
S L Integral 2.318e+06 ntegral 2.39e+
-09 - \ 9
o L
S
m L
70
65 | | /
: Calculation
60
=1 1 1 1 1 1 1 1 1 1 1 1 | 1 1 1 1 I 1 1 1 1 | 1 1 1 1 1 1 1 1 1 1 1 0 _10
9 10 11 12 13 14 16 17 -10 -8 -6 -4 -2 0 2

15 i 6 8 10
Electron (degree) Electron (degree) 28



\ SUMMARY J

v OLYMPUS collected good data in Feb 2012 and Oct 2012 - Jan
2013.

v The 12-degree GEMs and MWPCs have performed very well.

v" Optical survey was done in order to correct misalignments and
geometry issues.

v More precise field measurements were done in order to correct
magnetic field imperfections.

v'Analysis is underway with 2 alternative tracking codes.

v Olympus aims to determine two photon contribution to ep elastic
scattering with 1% precision.
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