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noncommutative field theory: realized on Minkowski spacetime by
replacing the product between fields with the

Moyal-Weyl x-product

300100 = )28 535 0,0.0% ) 0

— non-vanishig commutator

[REERY] = 0" = A

parametrization

0 Ex E E
Ex 0 -B, By
—E, B, 0 —By
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or
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Gauge Theory and the Seiberg-Witten-Maps
problem: local Lie Algebra not closed w.r.t. Moyal-Weyl-commutator
N N 1., R 1., .
[AOOTEA00T] = 5 {A0C) /00 [T Ti] + 5 [0 14091 {Ti, Ty}
solution: choose gauge generators and gauge field from the

enveloping associative algebra
caveat: in general: additional degrees of freedom in the gauge field!
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The noncommutative Standard Model — a reminder Gauge Theory and the Seiberg-Witten-Maps

problem: local Lie Algebra not closed w.r.t. Moyal-Weyl-commutator

AOOT: £ 40T = 5 {300 1400} [T T + 5 [0 £ 460] (T, 7))

solution: choose gauge generators and gauge field from the

enveloping associative algebra
caveat: in general: additional degrees of freedom in the gauge field!

Seiberg-Witten-Map
Replace gauge parameter and gauge field with maps

T—7FAT) , Af— A“(A)

from Lie Algebra to enveloping algebra such that

Ar SV Ak(A)

lr k(T,A)

A
Az

V.
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The noncommutative Standard Model — a reminder The Noncommutative Standard Model

Expand «-product, SWM and a similar map ¥(w, A) for the matter
fields in orders of A and insert them into the Standard Model
lagrangian — Noncommutative Standard Model

@ invariance under “ordinary” gauge transformations order by order
in A

@ corrections to Standard Model vertices

@ new vertices not allowed in the Standard Model

@ dependence of the gauge sector on the choice of representation;
in the scenario under discussion parametrized by a new parameter

1
- < < —

@ additional ambiguities due to the SWM being not unique
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W production at the parton level Feynman diagrams

NCSM Feynman diagrams contributing to qg — W ™W ~ at first order
in \:

i

Expansion of | M|?:

IMP? = [Mof? + 2ARMME + O(A?)

possible caveat: negative cross section as a consequence of the
truncation of the expansion
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W production at the parton level Feynman diagrams

NCSM Feynman diagrams contributing to qq — W W ~ at first order
in A

i

Expansion of | M|?:
IMJ? = [Mg|? + 2ARMoM + O(X?)

possible caveat: negative cross section as a consequence of the
truncation of the expansion
possible effects on do:

@ azimuthal harmonic oscillation proportional to E, and B |
@ corrections proportional to EII and I§|| independent of ¢
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W production at the parton level Partonic cross section

analytic calculation via FORM, numerical calculations using a modified
version of the “optimizing matrix element generator” O’'Mega
— observed effects on the cross section for dd — W+W ~—:

@ cross sections for different combinations of helicities form a strong
hierarchy

@ effects o« ko negligible
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W production at the parton level Partonic cross section

analytic calculation via FORM, numerical calculations using a modified
version of the “optimizing matrix element generator” O'Mega
— observed effects on the cross section for dd — W+W ~—:

@ cross sections for different combinations of helicities form a strong
hierarchy
@ effects o« ko negligible
actual corrections proportional to

= azimuthal oscillation for most combinations of helicities; partial
cancellation

B, | azimuthal oscillations only for suppressed helicities

= | extremely small corrections for all combinations of helicities
depending on I'z; negligible

B, | very small corrections only for suppressed helicites
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W production at the parton level Partonic cross section

integrated cross section for different helicities:
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W production at the LHC Tools

@ Monte-Carlo simulation using the “generator-generator” WHiZard /
O’'Mega

@ caveat: very small negative cross section in some regions of
phase-space — regularization by the replacement

do — max{do,0}

@ events binned w.r.t. helicities taken from Monte-Carlo data
@ cut200GeV < /s < 1TeV
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W production at the LHC Tools

@ Monte-Carlo simulation using the “generator-generator” WHiZard /
O’'Mega

@ caveat: very small negative cross section in some regions of
phase-space — regularization by the replacement

do — max{do,0}

@ events binned w.r.t. helicities taken from Monte-Carlo data
@ cut200GeV < /s < 1TeV

boost from lab frame into parton CMS mixes up transverse
components of E and B

A A
E1 — 7v(E1 — 5By) B1 — 7(B1 + SE3)
A A
E> — ~v(E2 + 5By1) B> — (B2 — BE1)

— influence of B greatly enhanced in the hadronic process!
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Azimuthal oscillation for (—, +) and (+, —) proportional to B, but:

cancellation

of the oszillation « E; between events with g from negative x3
direction and those with g from positive direction

possible cuts:

0°< (A" +67)<180° or 180°< (A" +67) < 360°
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W production at the LHC Independent measurement of E]_ and §J_

differences between distributions for the two different polar cuts
@ x E,: azimuthal distribution shifted by 7
@ x B, : nothing changes

independent measurement of Ii

© obtain azimuthal distributions for the complementary polar cuts
@ add them shifted by =

— oscillation < B, cancels out!
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Helicity Reconstruction W decay

Consider cascade-type diagrams for W production and subsequent
decay (just like LEP2)

— decomposition of the cross section into sum over helicities:

do do B )
d3k, d3k_dd, da_ Z T és?’k r (cosfy) Ps (cosf_)

with angular distributions

F1+x)? r=1
Pr(x)=43(1-x)2 ,r=-1
1—x2 r=0
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Helicity Reconstruction W decay

Consider cascade-type diagrams for W production and subsequent
decay (just like LEP2)

— decomposition of the cross section into sum over helicities:

E d3I?_Ud 7, do_ Z d3kiaés3k r (cosf) Ps (cosh-)
with angular distributions and projectors
F1+x)? r=1 —s+x+3x% s=1
Prx)=¢2(1-x)?2 ;r=-1  Qs(x)=<{-2-x+3x* ,s=-1
1—x2 r=0 2 — 5x2 ,s=0

polynomials Qs are orthogonal to the P,

1 1
/ dx Qs(X)Ps(x) = 5rs/ dx Py (x)2
1 -1
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Helicity Reconstruction W decay

— reconstruction of the polarized production cross section by folding

the unpolarized cross section with the Qs.

caveats
@ fermion charge neccesary to discrimi

nate between transverse

polarizations; very hard in the case of hadronic decay

@ neutrino momentum must be reconstructed in the case of leptonic
decay — pair production with semileptonic decay is favourable

@ statistical error signisficantly larger v'N

T T T T T
Ny =700GeV, E=0,B =(1,0,0k, = 0.5, polarizatiorf+,-)

e direct production, 1.40° events

T T T T T
Ay =700GeV, E=0,B = (100K, =0.5, polarizatior+,-) -
reconstruction from decay events.7:10" events

AN/N
AN/N
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Helicity Reconstruction Reconstruction of the neutrino momentum

Reconstruction of the neutrino momentum:

transverse components p?, p? from momentum conservation, mass
shell condition defines an hyperbola in the p°-p® plane

2 2
P> —p* —lpf=0
mass shell condition of the intermediary W — straight line
(p+0)* =2 (p%a° — p%a® — F1d. ) = m},

— in general two points of intersection corresponding to “valid”
momenta
choice: select the momentum that minimizes cos (64 — 6_)
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Helicity Reconstruction Event generation for pp — 12,qq

@ diagrams decompose into two gauge equivalence classes;
implementation of the class containing the cascade diagrams

@ additional cut 70 GeV < m_ < 90 GeV and acceptance cuts
5° < 9 < 175° (not on neutrino momentum)

@ integrated luminosity [ dt £ = 400 fb™*, sum over 3 fermion
flavours and 2 quark generations

T. Ohl, R. Riickl, C. Speckner (Uni Wii.) W production at the LHC LHC-D — SUSY and BSM II 15/25



Helicity Reconstruction Event generation for pp — 12,qq

@ diagrams decompose into two gauge equivalence classes;
implementation of the class containing the cascade diagrams

@ additional cut 70 GeV < m_ < 90 GeV and acceptance cuts
5° < 9 < 175° (not on neutrino momentum)

@ integrated luminosity [ dt £ = 400 fo~t, sum over 3 fermion
flavours and 2 quark generations
data analysis
© reconstruct the neutrino momentum

@ weight events with the Qs and bin them to obtain the helicity
distributions

© add (—,+) and (+, +) to obtain (F, +); similarily for (£, —)
Q add (F,+) and (£, —) with a phase of =

© no polar cuts — B -analysis; shift and add complementary polar
cuts for E | -analysis
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Helicity Reconstruction Event generation for pp — 12,qq

results:
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@ oscillation phase contains information how E; and B, are aligned
in the x;,-Xo-plane

@ magnitude of the oscillations contains information about the
absolute value
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Conclusions

@ very distinct signal (azimuthal oscillation) due to breaking of
lorentz invariance

@ sensitivity limit somewhere around 1 TeV — not ideal for initial
probing of the NCSM, but:

@ observables allowing for the independent measurement of E, and
B.
@ no bounds on x, or E and B
experimental challenges:

@ reconstruction of the helicity distributions produces large error
bars — statistics is critical

@ ambiguity in the determination of the neutrino momentum —
better criterion for choosing between solutions?
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Appendix Seiberg-Witten-Maps & Feynman rules

Seiberg-Witten-Maps to first order in A
. A 2
#(r,A) =71+ —9“ {0,7, AL} + O(X7)
AH(A) = Ae

V(W,A) =V + AT (IALAV —2A,0,V) + O()?)

{A,, 0,A" +F 1"} + O(N\?)

Feynman rules:

f

f

- A
Ai = ETipqu (9””70 + Q1Y _’_oucr,y,u,)
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Appendix Seiberg-Witten-Maps & Feynman rules

f A A
| > (P77 [0, Tj] +

P «t = (K107 +p077” +q0%") T} +
2 (K207 + p0°77 +06°7") TjTi +
./ d A (K167~ + k26°%) {Ti, T;})
B8
A
K
AX 2 = ATigky O3 ((ke, @), (k2. 8), (K3, 7))
Ky ks
A

with the group factor

1
Tighy =TT T {1, T} = 3 > T T

Perm.
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Appendix Plots for the partonic process

deviation Standard Model vs. NCSM, summed over helicities
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Appendix Plots for the partonic process
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Appendix Plots for the partonic process

azimuthal oscillation oc B 1
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Appendix Background diagrams
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Appendix Background diagrams
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Appendix Neutrino momentum reconstruction

asymptotes (quark mass shell):
Po==1
slope (W mass shell):

3 02 _ 42
R

a-
qO

— two points of intersection

00— q%? (m& +2p.q.) £g°A D3, — 293p.q. A
1/2 — 1/2 —
/ 2q0 <q02 . q32) / 2 <q02 . q32)

A= qo\/(m\%\/ + 2<Lr3¢)2 +4)q,[? <q32 - q°2>
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