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Overview

1) Introduction — P2 project and the weak mixing angle

2) How to measure the weak mixing angle?

4) The shift in @ due to photon radiation.

(
(
(3) Electroweak radiative corrections to Q.
(
(5) O(a?) QED corrections
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P2

MESA =
Mainz Energy-recovering Superconducting Accelerator

A small superconducting accelerator for particle and nuclear physics

Funded by PRISMA - Cluster of Excellence and @ rrisma
Collaborative Research Center 1044
German Science Foundation (DFG)

P2 (Project 2):

Parity-violating electron proton scattering

Other Projects: Search for a dark photon,
Nuclear physics program
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sin? Oy is scale dependent

sin” Oy (Q)s = #(Q)s sin® bw (Mz)ys
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— The future P2 experiment at low momentum transfer will complement other
high-precision determinations and may thus help to resolve differences between
previous measurements, or find interesting new effects.
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How to measure sin? Oy ?

— Extract QY (weak charge of the proton — the
neutral equivalent of the proton's electric charge) in
ep scattering with polarized e~ beam and
unpolarized proton target. (P2 and Qweak approach)

— Measure the very small asymmetry ~ 10~8
between cross sections for electrons with + and —
helicities to filter out the weak interaction

In the Born approximation

low @2 Gp@? 2
Apy — — e —F .
PV /3ra Qy —F(Q)
SM at tree level @, — 1 — 4sin? 0 ~ 0.07 (good canditate for New Physics search)

Why measure at low @2? — small contribution from F(Q?) (form factors) and v — Z box correction.
— Precision measurements at low-energies are sensitive to TeV-scale physics.
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Dark Z boson
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— Models with dark photons predict a small shift of the running weak
mixing angle at low mass scales, visible for P2, but not at higher energies.
(Hooman Davoudiasl, Hye-Sung Lee, and William J. Marciano 2015)
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Radiative Corrections

P2 accuracy: 52 = 1.7% — % 0.15%

— Include full treatment of radiative corrections at O(az) to match experimental precision.

GrQ"?
4/ 2ra

Apy = — @ -F(@Q?) ]

Qﬁv = (p+ A)(1 — 4k(Q?)sin? Oy (0)+Ay) + Oyww + Ozz + Oz,

Universal corrections (loop diagrams) — p=1+Ap =z 2 and k =1+ Ak ”WVQW

\%O/
Non-universal corrections (vertex corrections) — A, and Ay

Form Factors — F(Q'%) = Fup(Q'2) + Foria1(Q'?) + Fatrangeness (Q'%)

7/16



Shift in momentum transfer due to photon radiation

Shifted kinematics:

QR =—(l-1)—=Q%*=—(1—1ly—k)?

— @ can be on average much smaller than Q2.

The average shift in momentum transfer squared due to hard-photon bremsstrahlung can be defined as
ol

/ 2
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— Strong dependence on experimental prescriptions for measuring kinematic variables

— Need full Monte-Carlo treatment

— Dependence on the detector acceptance
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— Dependence on the scattering angle
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— The shift in @2 due to photon bremsstrahlung induces a shift similar in size in the asymmetry.

— A significant effect is also given by the bin size Af; of the integration over the scattering angle.

7.10°8F T E=155MeV A
~4.7% E., =45 MeV
. 6, = 35°
6.5-10°8
6-1078F
-
| ! | | |
4 5 6 7 8 9 10

A0 [degrees]

The total asymmetry with first order QED corrections compared with the leading order asymmetry.
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O(az) QED corrections

® The cross-section with O(a?) QED corrections is given by
do® = doo,

x (14600, +0(A)

+ / d4ah
JE,>A

A is the cut-off energy that makes the separation between soft- and
hard-photons.
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O(az) QED corrections

® The cross-section with O(a?) QED corrections is given by
do® = doo,

x [1 18 00p + 08000 T 0L (A)

+ / d4ah
JE,>A

A is the cut-off energy that makes the separation between soft- and
hard-photons.
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O(az) QED corrections

® The cross-section with O(a?) QED corrections is given by
do® = doo,

X (1 0 05 op 012 (A) + 02 (A)

+ / d4ah
JE,>A

A is the cut-off energy that makes the separation between soft- and
hard-photons.
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O(az) QED corrections

® The cross-section with O(a?) QED corrections is given by
do® = doo,

X (1 0 05 012 (A) 4+ 02 (8) + 01,00 (A)

+ / d40'17
JE,>A

A is the cut-off energy that makes the separation between soft- and
hard-photons.
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O(az) QED corrections

® The cross-section with O(a?) QED corrections is given by
do® = doo,

2 1 2 1
|:1 + 5§ )Ioop + 5;—)Ioop + 5( )(A) + (%W) (A) + (5§ )|00P6§W) (A)
1—loop

+/ doy, [1+5” +o02(a)
E, >A

A is the cut-off energy that makes the separation between soft- and
hard-photons.
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O(a?

) QED corrections

® The cross-section with O(a?) QED corrections is given by

doe® = doo,

2 1 2 1
(14 01+ 05 + 81 (8) 4057 (2) 487,87 ()

+/ d*oy, [1+5§ >Ioop+o<2>(A)} +/ d70,.
JE,>A JE, El>A

A is the cut-off energy that makes the separation between soft- and
hard-photons.
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O(a?

) QED corrections

® The cross-section with O(a?) QED corrections is given by

doe® = doo,

2 1 2 1
(14 01+ 05 + 81 (8) 4057 (2) 487,87 ()

+/ d*oy, [1+5§ >Ioop+o<2>(A)} +/ d70,.
JE,>A JE, El>A

A is the cut-off energy that makes the separation between soft- and
hard-photons.

® The second order soft real correction can be written as

1

53,(8) = 5 [01,(2)]*
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QED virtual corrections

+ 2-loop

+ photon emitted from on-shell line

I
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O(a?) QED corrections to the unpolarized cross section

Test: independent of A

47 T -1 SPA breaks down
3.8 :, ........................................................................................ E
360 1
34) N
32 e

3l E =155 MeV .

i fmf 2:531'?81/ """ 100 - (o — a9) /a0 1]
2.8) ‘= ==-100 - (6@ — 6g) /o0 g
= L L L L L L T L L L L L L T |

10° 10t 102

A [MeV]

— Can be used to decide which is the best value for A.

— Soft photon approximation (SPA) breaks down if the cut-off A is too big and numerical uncertainties
become too large if A is too small.
— A nice plateau can be found between 1 and 10 MeV.
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O(a?) QED corrections to the asymmetry (P2 kinematics)
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The shift in @2 is a kinematical effect included in 15 radiation — very
small O(a?) corrections to the asymmetry.
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Conclusion

It is important to include full treatment of radiative corrections at the level of the

event generator.

Anaximandros — an event generator for polarized ep scattering
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— A technical comparison between the numerical integration of the cross-section for each bin and the
weights produced by the event generator.
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Overview

e Significant O(«) QED corrections to the asymmetry were found
— need full Monte Carlo treatment

® Very small O(a?) to the asymmetry.

® A modern, flexible, easy to use event generator was developed that
will include complete O(a?) electroweak corrections.

Thank you for your attention!
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Extra Slides
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O(a?) QED loop corrections
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Richard J. Hill 2016
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Total Asymmetry
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Cross Section dependence on detector acceptance

40

30

20

—
100 - (™ — g¢) /o9
0, = 20° + 5°
E =150 MeV

1 1 1 1 1 1 1 1 1 1 1 1 1 1
0 20 40 60 80 100 120 140

E:nin [MeV]

40

30

20

10

-10

|6, = 20° + 5°
E — 150 MeV

ET* [MeV]

L 1 L 1 L 1 L 1 L 1 L 1 L 1
0 20 40 60 80 100 120 140

16/16



	Appendix

