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Lorentz-violating Standard Model Extension (SME) is motivated by string theory, quantum loop theory and
non commmutative field theory. All operators that break Lorentz symmetry are added.

1
Lsyp = _1(77“'0771/0 )F,uuF o T w( 'LLZD — me + h.c
\  Parametrize the Lorentz invariance violation

The dispersion relation is modified such as :

1 = e Contains 19 independants coefficients
— \/ — Rtr ’ ‘ * They are tensors, staying constant (not
1+ '%tr transforming) under a Lorentz transformation,
thereby breaking Lorentz invariance
2 Cases :  Only one degree of freedom describes Lorentz
Fe € (0,1) = v, <1 Cherenkov radiation violation effects that are spatially isotropic: <

fir € (—1,0) = vy > 1 Photon decay in vacuum
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Table - Photon sector,

d=4(part 1 of 7)

Existing bounds
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Table D16. Photon sector, d = 4 (part 5 of 8)

Combination

Result

(—2.3+5.4) x 10717

< 2.7 = 1022
(0.8 £0.4) x 10717
(—0.7 £ 1.6) x 10718
(0.8 £ 0.6) x 10716

(—0.31 £0.73) x 10717
(00+£1.0+0.3) %1077

(—0.1£0.6) x 10717
(=7.7£4.0) x 10718
(2.9+2.3) x 10716
(—3.1£2.5) x 1018

(—0.63 £ 0.43) x 10713

System

Rotating optical resonators
Laser interferometry
Rotating optical resonators
Sapphire cavity oscillators
Rotating microwave resonatord [152]
Rotating optical resonators

Optical, microwave resonators
Rotating microwave resonators
Rotating optical resonators
Rotating microwave resonators

Anistropic effects are well constrained with
laboratory experiment

Combination Result System Ref.

= —1.06 x 1071 Collider physics 76

< 3 x 10 0 [Astrophysics 177)*

— (R — 3c60) < 6= 1072 " 178]*
|| < 6.43 x 10718 " 179

Rir R z 180]*

Our result improves previous result from DO

Fer > —5.8 x 10712
with a factor of ~55

lsotropic effects are mainly constrained with astrophysics,

but the photon source is not controled

Earth-based laboratory experiments are less

model dependent
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In the SM, photons decaying in the vacuum is forbidden

We look at photons decaying to fermions- This process is governed by a threshold:
antifermions pairs

E" — 9m \/1_/%”

f

This process is only allowed for k¢ < 0, and we retrieve the SM limit for K¢ — 0 where the
threshold goes to infinity since this process is forbidden when the symmetry is intact
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Photon decay : differential decay width Cgl' NP3
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The created fermion energy lies within the interval :

Fermions' available energy for E'" = 2250 GeV

12000
= Jpper limit

Ef 6 [i(EfY B E)’ §<Efy + E)] = | ower limit
10000 — Er=EY (GeV)
~ [T+ Fa i 2
FE = \/1 A [E,% -+ Q(R—tr — 1)mf] ) 8000
E 6000

Allowed region for
fermions energies

The partial decay width as a function of the energy of the 4000

final fermion has been computed and is expressed as : 7000

~ ~ ~ 2 ~ 2
dl’ Oz[(l - ’%t?“)[Qﬁ;t?“Ef(E’Y - Ef) + (1 T '%t?")mf] o Kt"“E’Y] °9 2000 4000 6000 8000 10000 12000

— EY (GeV)

dE; (14 Rer)2/1 — R B2
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Photon decay : opening angle

1P _,z. IN2P3
o - Les deux infinis
If the upcoming-photon energy exceeds the threshold, Evolution of © for £,=2510.0 Gev
the surplus is used to provide a nonzero ¢ angle I2400
between fermions such as 20 -
E¢(E, — Ef) + 78— — B2+ m} - 2200
cos b = 15 A
V1B —m3(E, - Ef> —m?] R S
< -2000 O
Where E,and Erare the energies of the incoming = 107 )
photon and outgoing fermions 1800
;
As an illustration, we can look at the decay of
photons into top quarks pairs . a\ 1600
250 5(I)0 750 10I00 12I50 15I00 17I50 20I00 22I50

Eiop (GeV)

David Amram - New constraint for Isotropic Lorentz Violation— IRN Terrascale 2024



. B 2.}_ Photon decay

LES 2 INFINIS *:
LYON

To constrain K¢, we need to find the threshold
energy above which photons could decay in the
vaccum.

We suppose that photons decay to electrons.
Therefore, we analyze the number of photons as a
function of £

We reinterpret ATLAS results ofEf for the process :
pPp— 77+ X (ATLAS inclusive photon measurement)
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= 102EATLAS Data:
- 0
G qoL's=13TeV,36.1 fo! *m’ <0.6 (x10)
S 00.6 <M’ <1.37 (x10')
(o "1.56 < 0’| < 1.81 (x10?)
~ 10" o 01.81 < '] < 2.37 (x10°)
% 5 = e 0= 3
o) 10_ *g..g —io-*o"o'** 3
O {Q3F won_ o e =
B E #** - 3
1 O E e ﬁlﬁ* Ok il =
C e O -
107°F o e e E
— = 2 #ﬁﬂ#
1 O - EE- NNLOJET ==
— NNLO QCD, NNPDF3.1
1 O ((PDF and o, unc. from NLO JETPHOZ() = = 5
10 8 -+ SHERPA ==
= (ME+PS@NLO QCD, NNPDF3.0) . ==l
n =

109 &= JETPHOX
(NLO QCD, MMHT2014)
| | | | |
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—10 |
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Generate a sample of Sherpa p p — Y+ upto 3 jetsat LO
ATLAS MC sample isat NLO + up to 3 jets at LO
The eventis reweighted to match ATLAS MC sample
MCarras;
MClocal,i

¥

For each simulated event, if £y > Ei; the photon decays with
a probability of 1 — e~1® with
E7+E
dl’

L= /Ev e qm,

3

Fermion's energy is randomly chosen following ETon with
f

By € [5(E, — B), 5 (B, + B)
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—— E, = 2260 GeV
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—— E, = 2360 GeV
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Search for disappearing photon
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pp— v+ X, 0< |57 <0.6
[

104 I I I T

—¢— Data [JHEP10(2019), 203]
EIX] SM (Simulation)
! XA ®y = —5.2x 10713

* |If the photon does not decay, we add it's £ 1 A &y = —2.1x 10713

to the histogram

da/dE% [pb GeV1]
o

10
 The procedure mentioned before is apply to 1073
arange of £/;.. We clearly see the effect of 1074
the threshold on the histogram 1075 ‘\

10° \\w =

 Signature: disappearing photonin the E. 10;2 = & E

spectrum } 12 2: ~ :;

§ L1 = | I\ =

< 1k ' N

O 0.9 A =

-8 \\'\\ E

34 N\ =

103
ET [GeV]
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! 2, Correction for misidentification
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. ATLAS
- Vs=13TeV, 36.1 fb’

We introduce a photon decay uncertainty.

In the ATLAS mesurement, the photon identification

uncertainty is less than 1.5%.

We assign the value of the photon identification uncertainty

to the probability of an e+/e- to be reconstructed as a

photon.

* |f one of them is reconstructed as a photon, we add its
Et to the histogram

* |f both of them are reconstructed as photons, we add
the highest pr electron to the EJ. histogram. —0.1 = Total systematic

mm Photon energy scale

B Photon identification
- R correlation

_ | | | |||||| |
0-2=500 300 1000 2000

- <06 |

Relative uncertainty
o

T I T
; N‘
S
S

o

% T

|

Y
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The data systematic uncertainties are already given by the ATLAS mesurement. We take them from
HepData.

—— Stat
1.5 + —— Stat+Sys

They include :
e the background substraction
e the unfolding

0:5: I__'_'JI_
E—

e the pile-up g oo = ————=——
* the trigger efficiency > 0.5
e the luminosity measurement ~1.0-

* the photon energy scale and resolution

103
Energy (GeV)

Their values are added in quadrature and treated conservatively as a separate Gaussian nuisance parameter

for each bin.
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™ 2, Measurement : results
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The CLs method is used to set a limit on K¢ Bound on Rir
With q the likelihood ratio of the BSM against the ® CLs values ! o
SM hypothesis, we define : 0.40 1 Interpolation i
inf 0.35 - :
CLuss=pors = Pla > amls +0) = [ flals +b)da ; y
dobs - 0.30 - : »
|
CLb: 1—pb: 1—P(q<qobs\b) =1- f(q\b)dq |
nf 0.25 A :
7 |
B CLgtp d I /]
Cls = a1, 0.20 - |
I /]
. . . |
We use the conventional criteria CLs < 0.05 0.151 ! o
to set the limit : 0.10 i
~ —13 . 13 ad
K > —1.06 x 10 005 L Re> =1.062x107% 0 AS—
e '
Without systematics uncertainties, 0.00{6—e—e o9 l

130 -125 -120 -1.15 -1.10 -1.05 -1.00 -0.95 —0.90

the results would be : Py <10-13

R > —1.045 x 1071
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Summary :

A new calculation of the kinematics of photon decay into fermion in vacuum is provided

The case of photon decay to top quarks ilustrates the change in kinematics relative to the SM prediction
A new bound on the isotropic SME coefficient is set from LHC data as Az > —1.06 x 107
Improvement of the previous mesurement from DO by a factor of 55

This paper sets a new standard for re-interpreting collider data as constraints on Lorentz violation

Perspective :

The FCC-hh would collide 100 TeV protons. Assuming that prompt photons of = 20 TeV would be produced, the
lower bound would improve by 2 orders of magnitude
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™. féi Fermion momentum construction
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We construct the fermion momentum following : 17*
g BB B+ S B
VIEZ = m2][(E, — E.)* —mZ]
e || =+ ||D'|| cos b
2[R 7]

vz

ot

pr = ||D¥]|(Py cos a + sina(cos ¢ p| + sing p3))

¥ is randomly choosen using the uniform distribution on the 3
interval| — 7, |

i
e

D~
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Over the 19 coefficients, the 9 nonbirefringent are parameterized by

— pHIRVP 4 VTGP — VPR

<MY is a symmetric and traceless 4 x 4 matrix

A single coefficient parameterizes isotropic LV. The coefficients of the matrix are
then chosen as

3 1 1 1\wmv
R — —i%t,,adiag(l, - —)
2 3°3"3
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0.3
= Expected for SM
: Expected for LIV
E - PLIV)
0.2 = ——— Observed (in SM-MC sample)
0.15—
0.1—
0.05—
0 IE 1 1 L I L 1 1 1 1
-10 -5 0 5 10 15 20
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