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Outline

e Standard Model Extension: an effective description of Lorentz Violating effects
e Existing experimental constraints and challenges

® The special role of deep inelastic e-p scattering (dual description in terms of
parton-model and Operator Produce Expansion)

® Expected upper bounds from HERA data (Zeus and HI) and from the planned
electron-ion collider in the JLAB (JLEIC) and Brookhaven (eRHIC) configurations

® Expected bounds from Drell-Yan at LHC
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The Standard Model Extension (SME)

® Lorentz invariance is perhaps the most tested symmetry in nature

e Consistent theories in which the Lorentz symmetry is explicitly broken are
extremely difficult to construct

® A much easier path (inspired by vacua found in superstring theories) is to
spontaneously break Lorentz invariance with the introduction of constant
background fields whose vacuum expectation values are not Lorentz invariant
(i.e. have intrinsic directions)

® |nstead of considering explicit models (in which the expectation values of
background fields are obtained explicitly from a potential) we focus on a general
parametrization of all possible effects:

the Standard Model Extension [hep-ph/9703464; Colladay, Kostelecky]
[hep-ph/9809521; Colladay, Kostelecky]

[hep-th/0312310; Kostelecky]
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The Standard Model Extension (SME)

® | et’s choose a reference frame (a set of coordinates) and consider for instance

g — ‘gSM(x’ ¢a V78 Vﬂ, gl) + a'u l/_/y'ul//

where the SM Lagrangian density is a function of scalar (¢), spinor (), vector(V¥)
fields and couplings (g:), and a#are 4 new coupling constants.

e Under a particle Lorentz transformation: x4— A%, x, (¢,4,V#) transform as usual

and (g:;,a#) are invariant. The presence of a« implies that amplitudes between
states connected by this transformation are not connected as in the SM

e Under an observer Lorentz transformation (by which we mean just a change of
coordinates), the physics obviously must be invariant. In the new frame we see a

Lagrangian which is identical in form to the original one and in which a#— 1%, av

e This implies that the principle of relativity is violated:
the lifetime of a boosted muon measured in the original frame and the lifetime of a
muon at rest in the original frame but measured in a boosted frame will differ
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The Standard Model Extension (SME)

® The fact that observer invariance is preserved implies

# Standard Quantization

# Microcausality

# Spin-Statistic Theorem

# Observer Lorentz covariance

# Hermiticity

* Positivity of the Energy

* Power counting renormalizability

% Conservation of Energy-Momentum for constant
Lorentz Violating vacuum expectations values

® For simplicity we focus on renormalizable interactions: the resulting theory is
known as minimal SME
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The QCD sector of the SME

e The SU(3)xU(1) gauge, lepton and quark sectors are (¥ =u,d,e):

1 1 1 a a, v . .
Loni = =3 FuF™ = LG, G 4 911Dy — my )
1 K 1% 1 K 1% a a I .
0LsME = _i’fF/\H FixFpuy — E’QGAM GmAGuV + ("D, — M)
1
where TH = "~ + d"V~, + el + i fFy° + —go‘ﬁ“aa[g

2

1
M = a, " + b, y°y* + §H’“’0W

D, is the standard QCD & QED covariant derivative

® The various coefficients (e.g. c#¥) have fixed values in some reference inertial frame.
Their values in the lab frame are given by a standard Lorentz transformation.

e Under observer transformations the SME Lagrangian is a scalar: for example c#¥
and I,_U}/ﬂiDyl// are both tensors

® Under particle transformations yy,iD,y is a tensor while c#” are 16 scalars

® One can include non-renormalizable interactions. For instance:

1
53(5) —_- — Ea(S)”a'Bl/_/lD(alDﬂ)l//+ *ee
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Existing Constraints

e All coefficients for Lorentz-Violation ® Experiments that focus on the
are defined with respect to a Sun- properties of stable particles
centered celestial-equatorial frame (electrons, muons, protons, neutrons,
(which is the “most” inertial frame that  photons) yield very strong constraints:
is accessible [0801.0287; Kostelecky, Russell S a9
[ Y ] Kj(lxrﬁ,uu < _10 14 _ 1032

Y on < [107T7 — 10721

electron |
U 1 n—20 —28]
CpI'OtOH < _10 _ 10 |
v 1n—13 —297
Cheutron < 10 — 10 ]

v < 107

muon

Bounds come from O(200) experiments

® Note that extreme care has to be used in interpreting these bounds.
Experiments can only place limits on “physical” combinations of coefficients.

e Coefficients in the quark sectors are almost completely unconstrained due to
the difficulty of accessing quark level transitions directly.
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Existing Constraints: the QCD sector

® The main problem is connecting coefficients in the quark sectors to observable
hadronic properties
® There are several avenues that one can pursue:

#+ Low energy processes sensitive to short distance physics
e.g.: meson-antimeson mixing [Kostelecky, Berger; Di Domenico,Van Kooten, van Tilburg]

+ Impact on hadron properties

» Connecting the effective LV coefficients of proton, neutron and pion to the
fundamental quark LV coefficients [Kamand, Altschul, Schindler]

> Impact of the quark LV coefficients on various proton PDFs

# High energy hadronic interactions where, using factorization, it is possible to
(partially) bypass non-perturbative problems and directly relate observables
to the underlying quark dynamics:

> Deep Inelastic Scattering at HERA [Kostelecky, EL, Vieira]
» Reach of DIS at the Electron lon Collider [EL, Sherrill]

» LHC phenomenology, e.g. Drell-Yan [Kostelecky, EL, Sherrill, Vieira]
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Deep Inelastic Scattering: Standard Model (factorization)

® The parton model picture emerges from an all-orders proof of factorization:

hard scattering U(k)

e The dominant region comes from almost on-shell momenta (k* ~ A%, m; )

® |t is convenient to use the y*-proton center of momentum frame (Breit frame).

¢ |n light-cone coordinates:
P! = (- P)n* = (0,0,0,) mal
. = kK =EP'+Sk = k+q=~(0,00))
q" ~(=0,00,) on shell after taking the imaginary
part of the propagator
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Deep Inelastic Scattering: Standard Model (factorization)

‘- -

¢ |n the Breit frame it can be shown that only one component of k enters the
hard scattering (i.e. the other components are small and there are no
singularities): starting from k* = EP# + ok*, the 6k — 0O limit is smooth.

® The amplitude becomes a one dimensional convolution of universal parton
distribution functions and hard scatterings.

® The parton distribution functions admit a covariant expression:

(dA . 7
fn-k,P) = 2—€_l(n'k)ﬂ<P | 1/7(/171)51//(0) | P)
) 2n

e Reparameterization invariance (rescaling of n) and covariance imply that the PDF
can only depend on the ratio é=n - k/n-P: f(n-k P*) — f(&)
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Deep Inelastic Scattering: SME (factorization)

1 s
® [n our case: & = Ec']yﬂ(g”” + c")iD g

® The quark dispersion relation is modified:
k(" + ), + ¢, )kt = Kk, = 0

e In the proof of factorization we need to take k such that k% ~ A?

e Covariance forces the choice: k* = EP* + 5k*

¢ Taking the i |mag|nary part of the internal propagator (k* =k + q)
forces k? = (k + §)*> ~

® The proof of factorization is almost identical to the SM case after transforming
to a modified Breit frame defined as the P — g center of mass frame

® The parton distribution functions become:

N (dl . - 7}
f(n-k,P* ct) = | —e AP A=y (0) | P)

—— ] 27

n-k ¢, ntP" ¢, PHPY n - P)?
: ~ , W éc n*n®, c n”n”( )

n-P n-P A? H A?
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Deep Inelastic Scattering: SME (factorization)

® The DIS cross section is do ~ L"'W,,,,, where L#*v and Wi are the leptonic and
hadronic tensors (the latter is expressed in terms of W; and W>)

. oo [, Trly*y"y"y"] _
In the SM:  7* ), — Qi cPy(cPs + )(51) 02+ ic +p e v,qg e —q)
I
Ji& ) Tr[[*THTPTY)
o - THY ~ ) > < —
In the SME: T L Q7 EP,(EPs + qp) P 1oyt ie +(u < v, q q)

where I'" = ~+* + *”~,, and WH = ImT"

# The trace in the numerator is simply expanded keeping only linear terms in c#¥

#» Ve need the imaginary part of the denominator:

1 1 o - .
I = 0+ 2P D = [5(5 x)+5(T§ Vet H, ]

Yields terms proportional to the
derivative of the PDFs
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Deep Inelastic Scattering: Standard Model (OPE)

® ¢-P DIS admits a rigorous description using the OPE and dispersion relations
e Using the optical theorem one can write (J, is the electromagnetic current):
do ~ |M(eP — eX)|* ~ Im[M(eP — eP)] ~ Im(P|TJ (2)J,(0)| P)

e We need the product of currents at small z* but the OPE is only valid at small z#

. . 2P-q 1 2P -
® The two regions (which correspond to =—>1and ? ~0) are connected

—q> X —q?
by dispersion relations (ITEP sum rules)

® The OPE reads: TJ, (2)J,(0) ~ C*1 10,

1°""Hp
p Ba [ ghaV
Cﬂyﬂf"/’ln ~ q 1... q q q — g/’”/ + ...
0> 0°\ 0°
Oy .. = Y, 1D, -++1D, g + symmetrizations — traces

(P|O,,...,.|P) =AP, P,
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Deep Inelastic Scattering: SME (OPE)

® We seek the OPE for the product of two electromagnetic currents:

e

7' = (g" + ),
0o oA\ " 3 M — Uv 2172
® Expand: — b1 > (— 24 8) +0(0%/3%) 7=0"+ My,

(10 +§)2  G*

n=0

@ is: O —av iD il izati —
Operator basis: O .. = qr, 1D, ---1D, g + symmetrizations — traces

* Why symmetric? Why are traces suppressed!?

In the SM this follows directly from the fact that the matrix elements of the
operators are functions of the sole proton momentum:
only matrix elements of symmetric operator are non-vanishing and traces are

proportional to P* = m’ < 0
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Deep Inelastic Scattering: SME (OPE)

® The perturbative evaluation of the matrix elements of the SME operators
between on-shell SME quark states with momentum k ( k> = 0) yields:

(k| gytiote---iotq | k) o kt.--k#n = totally symmetric and traceless

e For n=2: Q"2 = éyaiﬁﬁq (gamgﬂﬂz n gaﬂzgﬂ/«tl _ 2gaﬁgﬂ1ﬂ2)

— éj;alDﬂq (ga/“llgﬁﬂz + gaﬂ2gﬁ/“‘1 — Zgaﬁgl“‘llh + antisymm 1n a, ﬂ)

= Tqp the SMIg/energy-momentum tensor = (P|T 4| P) < P,P;
(P Ottt |P) = (P] T, | P) (g“”lgﬂ/"2 4 g¥aghii _ g glit2 4 antisymm in a, ,B)
X PﬂlPMZ
o All of this strongly suggests: (P| O | P) = 2A PH...PH

e The matrix elements A, are the moments of the quarks PDFs and can depend
on scalar quantities like C'WP'MPU/AZ

e Putting everything together reproduces exactly the factorization result
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Sun-centered vs lab frames

® The tensor ¢,y as it appears in our equations is related
to the corresponding tensor in the non-rotating inertial
frame by a spatial rotation:

+1 0 O cose singp O
R=| 0 0 1 —sing cose O ]
0O #1 O 0 0 1
CoOsy Coswgle cosysinwgleg —siny
X —sinwg T g COS wgTg 0 ]
siny coswgle sSinysinwgleg  COSY

where y is the colatitude of the collider (HERA, JLEIC, eRHIC), wg=27/
(23h56m) is the sidereal frequency, T is the local sidereal time, @ is the

orientation of the beams at the colliding points (usually two per collider)

U

® The C? and c?i components of the nytensor are given by CfKLRKiRLj and
T AB

chRZ-K, where ¢ (A,B=1T,X,Y,Z)is the tensor in the Sun-centered frame.

® The structure of the time dependent DIS cross section is:
0(Ty) = osm [1 + (c:JCT, C?Z, C?Z) + (C?X, C?Y, c}/z, C;(Z)(COS waTlg, sinwgTy)

+ (e oY = )Y (cos 2we T, sin 2w Ts)]
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Sun-centered vs lab frames

eRHIC

FFAG Recirculating ElectronRings . ERLCryomodules

hhhhhhh
eeeeeeeee

eeeeeeeee

x=36.4 ¥=52.90 v=49.]0
QDZEUSZZOO NoE QDJLEICJZ+47.60 NoE CDeRHICI:-78-5O NoE
(PHJ:-ZOO NoE (pJLElc]:—35.00 NoE (peRHjcz:—]6.80 NoE

e For instance, the LV part of total integrated cross section is schematically:
oLy ~ # crz sin(@) + # czz cos(2¢@) where # is of order 1.This implies that

@~90° (eRHICI) and @p~45°(JLEICI) loose sensitivity to c7z and czz,
respectively!
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Expected constraints on LV couplings: DIS

® For HERA, we consider 644 neutral current measurements performed by ZEUS
and HI [arXiv:1506.06042]

® Parameters of the two proposed EIC designs and simulated data-set that we use

Location efferson Lab Brookhaven DESY
Luminosity 1034 cm-2 s-1 1033 cm-2 s-1 ) 4x1031 cm2 s-1
Ee (GeV) [3,12] [5,20] 27.5

Es (GeV) [20,100] [50,250] 920

simulated E.=10 E.=(5,10,15,20) existing data
==y E, =(20,60,80,100) | | E, = (50,100,250) sets

\/
The expected bounds we present are calculated considering 10 years

running (which correspond to 1 ab-! for JLEIC and 100 tb-! for eRHIC)
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Expected constraints on LV couplings from DIS

® For HERA, we consider 644 neutral current measurements performed by ZEUS
and H [arXiv:1506.06042]

¢ For the two EIC configurations, we use Monte Carlo simulations corresponding to
an integrated luminosity of 100 fb-! [A.Accardi,Y. Furletova, E. Aschenauer, B. Page]

e For each measurement (i.e. each x and ()? bin):
+» We estimate how the uncertainty increases due to a sidereal binning (4 bins)
% We calculate the binned integrals of the SME DIS reduced cross section

* We generate a set of 103 possible experimental results assuming a normal
distribution and the absence of LV effects. Systematic and luminosity
uncertainties among the sidereal time bins are expected to be highly
correlated. We consider both the extreme cases of 0% (aggressive) and 100%
(conservative) correlation.

» For each set we extract the frequentist 95% C.L. upper limit using a standard
chi-squared.

» The expected upper limit is the median of the upper limits over the set
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Expected constraints on LV couplings from DIS

¢ |n the calculation of these expected constraints we have assumed very
conservatively that the total uncertainties on the cross sections measured in the
sidereal time bins are uncorrelated.

e The constraints on coefficients which induce sidereal time variation are sensitive
only to uncorrelated uncertainties:

100% correlatedé

”"CO”’e'ateC} + Note that each sidereal
+ i time bin collects several
A months worth of data

>
binl bin2 bin3 bin4

® We need to quantify the correlation of systematic uncertainties between the
various sidereal time bins

® Note that day/nights effects are diluted by the sidereal time binning if data are
taken over a long enough period
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Expected constraints on LV couplings from DIS

® Expected bounds in units of 10->

HERA HERA JLEIC JLEIC eRHIC eRHIC
Individual Global Individual Global Individual Global

clx 13. [13.] 4.0 [44] 1.3 [9.3] 057 [43] 0.17 [22.] 0.096 [9.7
13. [13.] 4.0 [44] 1.2 [85] 0.51 [3.9] 0.12 [15] 0.067 [6.6]

clY 13. [13] 4.0 [43] 1.3 [9.1] 0.55 [4.3] 0.17 [22] 0.096 [9.6]
13. [13.] 4.0 [43] 1.1 [84] 0.50 [3.9] 0.12 [15] 0.067 [6.6]

cX? 63. [66.] 20. [21.] 1.9 [13]  0.79 [6.0] 0.23 [30.]  0.13 [12.]
63. [66.] 20. [21] 2.1 [16]  0.91 [7.0] 0.53 [70.]  0.30 [28.]

cy 65. [65] 20. [21.] 1.8 [13]  0.76 [6.1] 0.22 [30.]  0.13 [12.]
65. [65.] 20. [21] 2.1 [16]  0.90 [7.1] 0.53 [70.]  0.30 [28.]

XY | 31. [33.] 9.8 [10] 6.9 [50. 2.8 [23.] 0.61 [82]  0.35 [32.]
31. [33.] 9.8 [10.] 3.2 [23] 1.3 [10.]  0.26 [34.]  0.15 [13.]

XX — XY 98, [100.]  31. [33.] 5.9 [43)] 2.4 [19.] 1.8 [240.] 1.0 [92.]
98. [100.] 31. [33.] 6.3 [45.] 2.6 [20.] 1.2 [170.]  0.72 [65.]

¢ For each coefficient and collider we show bounds corresponding to the two
experiments. In square bracket we show the uncorrelated bounds.

® Bounds in the down sector are an order of magnitude weaker (electric charge,
PDFs)
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Expected constraints on LV couplings from DIS

® The best bounds tend to come from small x, large y and moderate Q2

| E. =27.5GeV
E, =920 GeV °

-_—

0.01}

X upper limit

104 it R EEMAL o g
O 10°¢
J| Ee=5Gev
.*é E, = 100 GeV
E | JLEIC o , .
s 0.01’ ”.:o .'. : . . s oot ‘.
coo008 ....03500 H [ s [ ] ! H ‘.': L °
> g EENERE e
-4 H | $ : : o ®°
= 10 o ':g; ! : :
S s
O 106
,| Ee=20Gev
= E, = 100 GeV ) . )
E eRHIC BEESE UL R )
h 0.01’ 05;5'222 ;E 1 . : . E ; : s ! : ° : ° 1B .o..."-:. ;: o:'. oo .o
<P c3 il s ° ° . ¢ 8 8 :
= it :
-4 - B
= 10 .i'
H
1
S s
O 106
10 105 104 0.001 0.010 0.100 1 1 10 100 1000 0.001 0.010 0.100 1
x 0’[GeV?] y
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Drell-Yan: SME

® Factorization for Drell-Yan in the SME is achieved following the same steps as in
the DIS case. In particular, the PDF’s are identical to those obtained for DIS.

® The cross section is particularly simple:

& 50" 2. [(1 — 0+ ) / T @) + 1/ f)
) : = D) e+ ] (@i + /a1 @)
Tl 2t (= 3) @ e8| (@ + s @)

® Using Drell-Yan data from CMS for Q2 < 60 GeV?, we obtain (in units of 10-):

Individual Global

cX? 7.3 [19] 6.1 [15]
lcX 4] 7.1 [19] 6.1 [15]
XY 2.7 [7.0] 2.3 [5.7]
XX —clY 15 [39] 12.9 [32]
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Conclusions

® The Standard Model Extension is a generic extension of the SM that
incorporates particle Lorentz Violation while preserving Lorentz covariance

e Coefficients in the photon, electron, muon, proton and neutron sectors are
strongly constrained.

® The quark sector is much harder to constraint because of the nature of QCD

® We focused on electron-proton Deep Inelastic Scattering and Drell-Yan for
which high statistics measurements exist (and are possible in the future) and

found that bounds in the 10-56 range are attainable using existing HERA/LHC
and future EIC data.

® Analysis of a subset of Zeus data is undergoing

e Future studies include
> Impact on PDFs (standard and polarization dependent)

> Inclusion of weak effects (Z-pole observables, ...)
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Symmetry Transformations: Parity
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Symmetry Transformations: Parity

Observer transformation
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Symmetry Transformations: Parity

Observer transformation
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Particle transformation
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Using ypr to connect LV in quarks and hadrons

[Kamand, Altschul, Schindler; 1608.06503]
® The SME terms we are considering, can be written as:

0LsvE = iQrCY v, D,Qr +iQrC% v,D,Qr

y Curyr Y _
where ¢* = { /R } and /¥ = (c}V +cl”) /2

L/R ™ p q dR
/ 0 Cdy

® Strong Isospin invariance (QL—L Qr, Qr—R QRr) can be restored by assigning:
cr — LCY LT, C¥ — RCYR!
® One can then use these spurions to add LV terms to the Chiral Lagrangian:

2 . .
D2 (\Cryy + 1Cr) TH(40)! g pions:U= expli Spua )

LLO _ 6
T 4
_ S
LEY = {a(l)\lf[(uT SO u + u tC¥u") (v,iD, + 7,iD,)]¥

+a® (1CR + 1C¥) V(v,iD,, +7,iD,)|¥
+aPU[(ul *)OF'u — u O ul) (1A °iD, + 7,7%i D) | W
+aW (1CR - 'CE) ¥(3,~%iD, + ’YW573DV)‘I’}7
where u2 = U, 'C;"; and *C}"; are the trace and traceless parts of C}/"; and
transform as tow s low 3o s L3CH LT
o s lowr . 3O — RACHR!

Enrico Lunghi 29/24

nucleon doublet



Using ypr to connect LV in quarks and hadrons

[Kamand, Altschul, Schindler; 1608.06503]
¢ Relevant two and four pion interactions (no three pion vertices):

(1)
cro2e P v w6 66,

/6(1) v 14 vV 174
L0 = (e + ey + ey + ¢ ) ($a0r0uPaOu bt — G1080 a0y ba)
® The proton free Lagrangian becomes

0LsmE = iﬁp [(UW + CZV)WuiDu - mp} Vp
with

1 1 y y
e = [5(1(1) + 04(2)] (cy +cr)+ [—504(1) + a(z)] (cy, +¢i)

® The a(/2) and (1) coefficients are non-perturbative and expected to be O(1)

e |f this is accurate the bounds on these coefficients are of order O(10-2°+10-29)

® There are questions related to the role of LV in the gluon sector: it is possible to

m

move cY (g=u or d) into a k%,. It is not clear how to assign spurion
q q U

Potential
proble

transformation properties to the latter.
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Physical coefficients

® Not all coefficients introduced above are physical

e Some coefficients can be eliminated via a field redefinitions like:
Y(x) = e ()
U(z) = [1+v(z) -Thp(x) with T'=~%, 7%, o’

=> in this way a, and the antisymmetric part of ¢, can be eliminated

® Some parts of the coefficients are not LV. For instance, even after removing its

antisymmetric part we have: ¢y = [Cuv [iraceless & symmerric + O 1w
L.V. L.I.

e Some coefficients can be eliminated via a choice of coordinates:

1 _
L=—- ('%K)\'LW T UKMUAV)FKAFW + (77”” T Cuy)¢7uiDu¢

4
1 1%
at — at — -k
2
M 1 j18% j1% j13% 1 o n .
L= _ZF F, + (77 + " + ik Mow)wfy“szw

We can choose one sector of the SME to define the scales of the four coordinates
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LV in the quark sector: our setup

® We will focus on Deep Inelastic electron-proton Scattering: we are affected by
. . Qv PV nv
coefﬁaer;%sughat appear in the electron (c. " ), photon (x "), quark (¢, ;) and
gluon (K ") sectors.

% We adopt coordinates in which the photon does not show any spin-independent
Lorentz violation (KF "~ o, = 0)

+ All coefficients in the electron sector are strongly constrained and do not contribute
appreciably to electron-proton DIS
* We set the gluon coefficients to zero and focus on the quarks

e Assuming spontaneous Lorentz violation at scales of order Mpjunck, We expect
“natural” size for most coefficients to be given by the ratio of some low energy
mass to Mpinck. Nevertheless the need to perform direct experimental searches
should not be understated.

® Note that the quark coefficients contribute via divergent loops to LV in the
photon and electron sector. This does not change our fundamental set up but
might rise issues of fine tuning/naturalness in the electron sector.Ve leave a
detailed investigation of this point to a forthcoming analysis.
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LV in the quark sector: general considerations

1
® In our case: £ =¢q 5%(9“'/ + c‘“’)z’ﬁy> —m|q
® The quark dispersion relation is modified:

0= p"pp —m* = pu (" + ) (ur + cor)p™ —m?

* Velocity (7 = V,E(p)) and momentum are not parallel anymore
% Sums and averages over quark spins are affected
# The cross section flux factor is also affected (must use velocities of colliding particles!)

% In our case the relevant flux factor involves the electron and proton, both of which
receive negligible Lorentz violating effects (given the kind of constraints that we will be
able to achieve)

® We treat the traceless tensor c,, as a small perturbation resulting in a standard
Feynman diagram expansion

® The modified dispersion relation (momentum and velocity are not parallel
anymore) creates difficulties for a straightforward parton model implementation:
one reason for focusing on DIS is the dual parton model and OPE approach
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Planned HERA analysis

® We (Nathan Sherrill and I) proposed to re-analyze ZEUS data to place bounds
on Lorentz Violating coefficients and have been allowed to join the collaboration

e This entails binning all data in sidereal time and to perform independent
measurements in each bin

® The main obstacle is understanding the time-dependence of systematic
uncertainties. E.g. at HERA we have a measurement of the average instantaneous
luminosity but it is difficult to estimate the induced uncorrelated uncertainties in
the various sidereal time bins

* The main idea is to use the fact that different (x,Q) bins have very different
dependence on LV coefficients. By considering the following double ratio

(i indexes the sidereal time bin, the reference point has poor sensitivity on the LV
coefficients):
- * i/] ratios eliminates point-to-point
ox; (377 Q) / oy (377 Q) systematic uncertainties
— N * Normalization to reference point eliminates
O1\T O1\L . .
1( ’ Q) 1( ’ Q> luminosity uncertainties
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