First Test of Lorentz Violation
with a Reactor-based
Antineutrino Experiment
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® Spontaneous Lorentz violation (SLSB), Standard Model Extension (SME)
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Spontaneous Lorentz Symmetry Breaking (SLSB)

® Lorentz violationZ 7% % /X < BXICE A —Spontaneous Symmetry
Breaking (SSB)Z N\—X

Spontaneous Symmetry Breaking (SSB)

Electromagnetic field

- - S By 1 (2 32
VEBY  VIEB) =3 (B +B) g e ag
L BB E=0

Vacuum

— ~E B
E B=0
Higgle field (Higgs scalar ®) XX AHAYN\Y NBIRFYI YL
V()4 V($) = (¢ — A2)? — BREIXIIE DN
[ ] B ZEHRFE<d>=+A (scalar)
. vacuum
($)=A2
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Spontaneous Lorentz Symmetry Breaking (SLSB)

o JTVURT—ILTIE. ANTF—FTHL, NI KNIFZBITEKET S
MTV vl Bl 0BBRIZRAT—TRREL, RY NUEHSER)

N v<c> <6 s

> . XZ = )\2 (Constant)

(O)=21

SpaceTime dependent Scalar D : XA AT —Z|EXZE DTS

- Varying coupling E(x), scalar field ¢ and @
small scalar  _ | agrangian contains “€(x)0*@oud”

. large scalar _’(_LB MRS \) 045 ()P0, P”

ARTTDEZ (KB =HENDAM
RFDNZDANZ -5 EMEFRT 5%
CDARICEENFITINTEDL>TLS

(EBRDOEFHFEHDMNDILE)TIE. SLSB - SSB DIEETEIS50L W)

125F1089H A EEH



Spontaneous Lorentz Symmetry Breaking (SLSB)

o FHZMmICIEZENRY NLiGERTF(SM particle) DIBEERZF v ¥
b = itpy, 0" + mapp + (97,0 Hbyu " O -+

o YEEBRASEDOMIRDBEAMICH T DKTFHEZHAND

o HIEKEEREER = (82 K[ (Sidereal time)/AEA = 23h56m4.1s (<24h)
Scientific American (Sept. 2004)

Axis of rotation ——

1) B5(AM 6:00) & ¥ 75 (+ 6:00)(ZHITE U 7=
(BREER)EEB: R T OBHIHELE)
MERZ>TWBEDH LN,

— FHOIEMAE. Lorentz violationlC ZEM S

BZEXY MU
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Lorentz trans. under vacuum vector field
o FHODEZEICIBRIMENH S & Lorentz transformationld & D 7R 5 H

(1) *ﬂ_jrﬁ’x‘?ﬁ&(Particle Lorentz trans.)

- ~N 7 I\ ) I/ i%— & DFER
] “:;”{ X — Partl CIe
Lorentz violation

(2) BORIE DR %Z Z 1 (Observer Lorentz trans.)

~N =
Background ‘ 78I ED
7%, 8

SM particle

Observer (Mmoving)
y

vector field (in BRI (AR
fixed coordinate) 5 Lorentz
symmetry
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Standard Model Extension

e Standard ModellCEZE"R Y N )Li5” & DI A EF (Particle Lorentz
violation) DIEEJIEZEM L IcH D

Za—~MYU/YEBICET BR/INEDSMEZ T VI 7 YV

1. - AN - A,B : Majorana basis
L= §Z¢AFZXB Dy g —aMapyp + h.c. flavor s;)ace (6%6)

% . =|~Y6 v - pU 1 AV
A =|V"0aB| gV + dapYsT + €4p + ifApYs + 99AB TAn

Map =|maB +im5A375 + aAB/yM + b'uB + ZHMBO-IUJ/'

Nonzero term in SM Additional SME term

SME coefficient (a,b,c,d,e,f,g) symmetry
- CPT-odd & Lorentz-violation : a, b, e, f, g (vector)
- CPT-even & Lorentz-violation : c,d, H (tensor)

DI T, —AXBYIC“CPT violationh¥d % & . Lorentz violationh\fC Z % (CPT
violation & Lorentz violation D173 5514)” (O.W. Greenberg) & FJE L 7% L)
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Lmi

Lorentz violation& —1— K Y /¥R
e Lorentz violationlC X U THWREDEREMNEAFTEZ S
ELRTIMNZa2— NI /iIREZ_EAYY MNDTFHELTERS

2 _ S, Za—hUJERBTIL——HZDbS
i @ a1 . OEEZERUYROFHORRE LT
ve) BRI 3

‘ TR DVUDVI EV2DOTHEEH, A5 H
KR AUw b F g 7 i THRan, f

i DHEEERVI EV2OEBEE M ZE1L)IC £
A= W L A PTEDDLALWES DRAVES

HIKD BEIEIC K > TEZENY MNUIZDREHNEHDL DD T,

EEBBICL>T. Z2— MU /IREOMUEHLIZEDLZ (HECIBEEDENT
FIRE R 2 Y)

(iI#HZ ~ Am?2 / Energy ~ le-21 GeV (@1GeV neutrino)
= TSV RT—I)LDYIBICERESH D |
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Lorentz violation il 7E: K& 7|‘J%
o [HIEXR . KIGHIDEZER (I DEFRTIE—AXEY)

3y 78 HER 0D B B

N e E AT

s \Yal EEREBIEIC 3 & S IR

- y ¢ EERY MUSEABRA T ERE
solstice EEEE:
Autumn equinox E\D'D A j] 7 _i"zz;— iiﬂ?&-ﬁ? :E) ﬁa)ET :E) Z—X

(EDORFEANZX L)

SEZEXRY NUVGEBREIEETEH—&EW-STH
BEMHL L 7EW

Neutrino beam line is described in
Sun-centered coordinate

MiniBooNE beamllnew
1210A9H A EH
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Lmit

. . Q — — — ==
Lorentz violationBITE: =1 — M U / IRE]
® Effective Hamiltonian for va—Vvb w/ SME coefficient (at, cv)
1 0) L((W)ab 0 ) - P : momentum
p| (m?)%,

h 5 _ o- .
(het)ap= 1P| Oa 0 1 0 (For anti-neutrino,

CPT-odd a. — -a1)

Lorentz violation

1

[(ar)"p = (cL)*" P up)ab —iV2p (), [(8"p, HW)CJab)
Pl iN2p (e )E[(g" p,+HM)CLE, [ —(ap) pu—(c)*"pup,1%,

® “Neutrino oscillation” probability (ex:shot-baseline = neutrino mass term negligible)

L? . A~C :a(, cL. combination
2 | <C>eu —i_((As)eu’Sln W@TEB + (Ac>e,u COS W@T@ e R
(€)e CcO)., + E(CY),,

PI/H—>V6 ~ 1
v (Cen = ( .

: 2 v (Aen = (AD)ep + BE(AD)ey '

B sin 2wg T, B cos 2wa T |“. Ao = - -

( S)GILL @ EB —|_ < C)G,LL @ @ | : (Ac)eu (A(O)) +E(A(1)) :

(B = BB, :

sidereal frequency g, = 21 Solar time :24h 00m 0.0s i B = BB ;
@ . . ! ) !

23h56m4.1s | Sidereal time : 23h 56m 4.1s | - @i s wr 1 :

. . . VW)=~ (5 NZN?)(er )il +2N%(er)d? + S(1=3N?N)(er)Z7
sidereal time T, — 3m55.9s diff. b A = 0, 2 :
b (Ao = 2N () [ 2N ()Y 4 287 N )~ 2NN (e

. . . . 1 (A = —N (), +NY( O '
“Sidereal time independent param.” & “time b D)o =2 ) ) 28 )
1 (B, =NXNY(( Lol = (e ) = (WENY = NYNY)(en)d)r 1

= bosay X X YY) (en ix7 - Z“Y ZONXNY (e 5;1' :

dependent param.” D§F52%Z 71y LTk S L S

2
KERICITEBERENDI P, ., ~ L—|(C)eu + (Ag)ep sinwg T + (Ac)ep coswg T

(he)?
:I:E
INTGA=T DHEBES — Assuming nature only has CPT-odd SME coefficients
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LOND experiment Sl

LSND is a short-baseline neutrino oscillation experiment at Los Alamos.

v oscillation >1 + p —_— e"‘ +n
u e

n+p—=>d+y

LSND saw the 3.80 excess of electron antineutrinos from muon antineutrino beam; since this
excess is not understood by neutrino Standard Model, it might be new physics

800 MeV proton beam from

L ANSCE accelerator L/E~30m/30MeV~1
Water target
er beamstop
- LSND Detector

*h

125F1089H A EEH
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LSND experiment

LSND collaboration,
PRD72(2005)076004

LSND is a short-baseline neutrino oscillation experiment at Los Alamos.

— oscillation

14
U

LSND saw the 3.8c excess of electron antineutrinos from muon antineutrino beam; since this

>V +p—>e +n

n+p—=d+y

excess is not understood by neutrino Standard Model, it might be new physics

Data is consistent with flat solution, but sidereal time solution is not excluded.

LSND oscillation candidate sidereal time distribution

;{; - L L 1 I L L L I L L} I L 1 I [_
o
p = —
—@— data 5 ¢ o o X :
. o= - . -
flat solution T 0 i )| ' 1 11 I
------ 3-parameter fit % i _ | |
— - . = 5-parameter fit £ ) ® "," ® B
-:__ __?______ - ———— el 4] _'_“.___..___ — e ee e o -l =l _,.;'_—
SHEe ‘ E [ —
Small Lorentz violation could be the i i
solution of LSND excess 5 1 1 1 P
0 1 1 1 1 1 1 1 1 1 1 1 1 1
0 20000 40000 60000 S0000

sidereal time (secs)
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MiniBooNE collaboration,
M INI BOO N E ArXiv:1109.3480

Short base line neutrino oscillation experiment @ Fermi lab (2002-2012)
® Primary goal : vy — Ve appearance search

® Change Horn current direction — Neutrino / Anti-Neutrino mode

® Ocscillation peak ~ 800 MeV (for neutrino) / ~600MeV (for anti-neutrino)
FNAL Booster Magnetic focusing horn MiniBooNE detector
A 77 W

= 'qﬁg‘__ Mam ln JLLtﬂT-~ "'§
Tevatron "“-:1.\ ot =

Bﬂus't > ﬂf'/q..Targe.f

Ha_l_!,_

primary beam secondary beam tertiary beam
(8 GeV protons) (2 GeV pions) ; (700 MeV neutrinos)

A 4
A 4

Ve appearance
Cherenkov detector (12.2m)

oscillation _
vy >V TN > D+ € |veCCQEEZR% | - 800 ton of mineral oil (CH2)
_ oscillation _ i = - 8 inch PMT x 1280 (i
7, ST, 4 p o ntet BARICER inch PMT x 1280 (inner)
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MiniBooNE oscillation analysis e "

® Single Cherenkov ring, Electron-like Interaction track  Cherenkov Candidate
) , ) o Muon | 5;::;::.':;.:
EQF _ 2(Mn — B)E, — (Mn — B)” +mj, — M) w000 4l |5l
2-[(My — B) — B+ /EZ —m2 cost,] Electron e o
v,CCQE _ - .- e
e Main Back ground vernTRe M
~ Neutral pion
e NCTT0H'5 Dgammad— D % electron & | -
N e = . t.:.. :...:
t m|s|D§' ) v+N—v+N+r° o:i_‘_% E'::”""‘;.
e SHIZE U 7ZNCTT0 production rate Z .
simulationlC A11%

® |ntrinsic beam Ve

e Contamination<0.5% ~ appearance contribution=0.5%

e vu(anti-vp) rateZ HITE U. simulationlC ALD =t = vt ut = veet

® SciBooNEDAITE H 5 ARE 4 (Kaon production)Z#1 2 %

— Ve appearance Signal / all background ~ /3 at oscillation

125F1089H A EEH
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MiniBooNE oscillation analysis [xos s

ArXiv:1109.3480

Neutrino mode result (Ve appearance search)

3

L3 Data
25 . m
vg from K*

B v, from K°

Events / MeV

PR ¥ A o l. i’l ‘-‘I g
0.2 0.4 0.6 0.8 1 1.2
ECE (GeV)

" Pick up Excess of Ve at low-E (<475MeV)

— Ve app. candidate
- Obs.: 544 events / 6.46e20 POT
- Exp.:409.8 + 23.3(stat.) + 38.3(syst.)

Not predicted by neutrino Standard
Model (VSM)

— New physics ?

Anti-neutrino mode result (anti-Ve appearance search)

0.6 [~}

_ _ v, &7, tromu**
SR Fit Region v, &7, fromK*"
-l SRS [ v, &7, trom K°
> L ' B ° misid
S 04l " I A — Ny
P @ dirt
5 +r—{—t [ other
> S N —— Constr. Syst. Error
“ oo ; L a e Best Fit (E>475MeV)
i I S
02 04 06 08 10 12 14 151630
ECE (GeV)
124F10 59 X EH

| Excess in low-E & high-E (475~1300MeV)
| Combine both region

] — anti-Ve app. candidate

| - Obs.:241 events / 5.66e20 POT

| - Exp.:200.7 £ 15.5(stat.) £ 14.3(syst.)

Not predicted by neutrino Standard
Model (VSM)

— New physics !
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MiniBooNE collaboration,

Time-dependent systematics i s

IRFE 1 ER:GPS time stamp (local solar time) — Solar time/sidereal timeD Z 2| EF =
P

POT time distribution : ~"& & A Solar Time A Sidereal Time
/\ | EFTFlc3asD<L J:—FEE‘C
S5 D<K
Time '
24 hour + >
0:00 24:00 0:00 23:56:4.1

Check Time dependent systematics (day-night effects) (ex: electronics noise)
High Stat vy CCQE sample to check all of these effect

£ sl Flat POT normalized distribution
& a0t - ZH5DEFEICE—LEIRINR
(¢ 2900;—' """""""""""""""""""""""""""""""" L e
S, oo - (T:Maximum POT — B:Fi4)
27°°§—POT Sine curve
2600(__ 10600 20600 30600 40600 50600 S?gl(z:oal sgﬁ;(I;OrOtlmSeO((l)g(;c) 9 Hy h\ I E FEﬁ % l__ LJ T i/j —t‘ 7—d\ \/ \ t
w 1.06 24h}§_|;5\ﬂ®/3\ 5? %b"l‘EEH%FEﬁ@Eé;K&
e (23h56m4.15) TEN S
S sl | = BAR3%D24hEHHDIE S = < Stat fluctuation
. °:9405_ X1{:')Ioc:f=i25i/4930600 40000 50000 60000 70000 80000 — Flat Background time distribution ;é_ ﬂiﬁ

local solar time (sec)
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MiniBooNE collaboration,

Sidereal time oscillation Arxiv- 105 3480

Maximize Unbinned likelihood using PDF based on sidereal time oscillation
probability
At 5 params fitting, fit errors are big due to the strong correlations of params
— Do fitting w/ 3 params (remove Bs and Bc)

(2] =
= 80K —e— data .
c = T P : :
¢ 7ot Neutrinomode E;‘Elj;i‘;ﬂ;’l‘(‘l Neutrlr.m r.nod.e. .
® goE - Flat distribution is best
()] = . . . .
g SOF - C(time-independent) is dominant
3 = | - 26.9% compatibility assuming flat distribution
8 20 %_ — 3 parameter fit
4 = EI'I'OI" Stat + S)’St ----5 parameter fit
@ 10E
'> 0 10000 20000 30000 40000 50000 60000 70000 80000
sidereal time (sec)

Anti-Neutrino mode . ,
2 E o data Anti-Neutrino mode:

Sl flat solution . . .
% 1 background - Fit solutions look more different from the flat
o 25E . - Non-zero (As)eM and (Ac)eM solution
© = ' > 1 S T . . . .
T 20 gt S QU v G - Only 3% compatibility assuming flat distribution
U 15_ S anndh s s s EEEEEEEEEEEEEEEEEEE N =
c = ——
8 105_ — 3 parameter fit - A W
@ °EError :Stat + Syst <~ 5 parameter fi *Anti-NeutrinofEAfT (2D 70
L 0 . 10000 20000 30000 40000 50000 60000 70000 80000 @ 7—_\\_ 9 LJ 75\ A - _z. L\tﬂ: L\

sidereal time (sec)
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MiniBooNE collaboration,

Limits for SME coefficiency o s

BSME/XTA—F T U T, le-19 ~ 1e-20 GeVDEIREAE DT 1

Table 1. List of SME coefficient limits, derived from 20 limits of fitting parameters, setting
all but one of the SME coefficients to be zero.

Coeflicient ep (v mode low energy region) ep (7 mode combined region)
Re(ar)? or Im(ar)? 4.2x10720 GeV 2.6x1072Y GeV
Re(ar )X or Im(ar )X 6.0x10720 GeV 5.6x10720 GeV
Re(ar,)Y or Im(ar)Y 5.0x10720 GeV 5.9x10720 GeV
Re(ar,)? or Im(ar,)? 5.6x10720 GeV 3.5x10720 GeV
Re(cr,)XY or Im(cp )XY — —
Re(cr,)*% or Im(cp,)*? 1.1x10—19 6.2x 1020
Re(cr,)YZ or Im(cp)¥Y? 9.2x10~20 6.5x 1020
Re(cr,)*X or Im(cp )XX — —
Re(cp,)YY or Im(cp)YY — —
Re(cr,)?# or Im(cp)%% 3.4x10719 1.3x10—19
Re(cr)T™ or Im(cp)T™ 9.6x10~20 3.6x10~20
Re(cr)TX or Im(cp,)T* 8.4x10~20 4.6x10—20
Re(cp)TY or Im(cp)TY 6.9x 1020 4.9x10~20
Re(cr,)T? or Im(cp)T? 7.8x10720 2.9x 1020

IS DHEIRIE. LSNDDHEET—% ZLorentz violation Tl T
ZEBSME/XT X —5 DfEZEH]
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Double Chooz arXiv:1209.5810v|

® Reactor neutrino oscillation experiment in France

® anti-Ve disappearance
® Used data in Lorentz violation : 201 | 4/13 ~ 2012 5/15 (227.9 live days)

® Same used for latest result : sin?20,3=0.109 + 0.03(stat) + 0.025(syst)

FAULEHR: 23 m?

Near 10m3 ; N Far 10m3 B BB
overbdn 45m 3 overbdn 45m
- - h"- ‘@ ",‘ L | | “ ——
'1-' vﬁa’ ¥ " - - Rt VSRS — R
.f“' . | . .
400? D}\ ’Q‘! = St :

s =5 z 1V s R Par@s %
-~ P RHEE:90m \
,‘/‘ ' / . ,"\f‘n‘_ '."5"; v
: /‘ 3904 W HET EEE B

. «lz ¢ # L - -
/‘2;7/ el F : 1T — GBI r 2%
N‘ - .‘ # .!‘ l’
. 4 . - ":-,
_ 1 " -, o L Gd-5H £ FL—42 w s P2
Sl y S| FoULES 0 m? T
Si r -,‘."{i ’
] ; (L
y RS W A TR L L FL—S SRR

Chooz-B Power Plant . g T
et ATHLAERNOM l
il ;4,

4

iy « 2 cores, 8.6 GW,_

£ Imag’In IRFU
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Double Chooz oscillation analysis

® Select anti-ve + P = e+ + n (inverse

beta decay: IBD)

® Delayed double coincidence — 8249

events

TABLE V. Summary of observed IBD candidates, with corre-
sponding signal and background predictions for each integration
period, before any oscillation fit results have been applied.

Gd Liquid Scintillator T

Ed: TEy ~ 8MeV

Ep: K., + 511keV x 2

TABLE VI. Summary of signal and background normalization
uncertainties in this analysis relative to the total prediction.

Reactors One Reactor

Both On Py <20% Total Source Uncertainty [%]
Livetime [days] 139.27 88.66 227.93 Reactor flux 1.67%
IBD candidates 6088 2161 8249 Detector response 0.32%
v reactor Bl 2910.9 774.6 3685.5 Statistics 1.06%
v reactor B2 34224 1331.7 4754.1 Efficiency 0.95%
Cosmogenic isotope 174.1 110.8 284.9 Cosmogenic isotope background 1.38%
Correlated FN & SM 93.3 59.4 152.7 FN/SM 0.51%
Accidentals 36.4 23.1 59.5 Accidental background 0.01%
Total prediction 6637.1 2299.7 8936.8 Total 2.66%

21
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Background time dependency

Total background in oscillation analysis = 497 events

9-Lithium
9Li = e- + N + 8Be
(T ~ 200msec)

Fast neutron + stop p

Accidental coincidence
: Fast-n = captured on Gd
(Ex: Environment Yy + Fast neutron)
Stop y — delay

There comes from cosmic ray = Check muon veto rate stability

Maximum variation of muon veto rate (sidereal time) ~ 0.5%
— BG variation in time ~ 0.03% effect for diapp. prob. = Negligible

125F1089H A EEH 22



Event rate Time-dependency

Background-subtracted IBD event rate

15\50
>45
T 40
Essf“'—l—';l-_- """" S o ol -|-—I—+ —|—+—|—_|_|__|_ detector response, etc) varied run-by-run

2 30

- Physics run(1 s ) B TR E

o 25

® 20 Thermal core operation
8. — data (Err = Stat + Syst) - Time interval < Imin
@ 19

£ T MC expectation (Non osc.) - Power uncertainty ~ 0.5% of total

O 70000 20000 30000 40000 50000 60000 70000 80000

Sidereal time (seconds)

IIII|IIII|IIII|IIII|IIII|IIII|II_|_|_

» 0~23.934 hours (| sidereal day)’ 24bins(C 73&
» MC normalization (EDAQ time stamplCE DK Z TV DRIERBICIH U T

run-by-runlC 58 (Nominal anti-ve spectrum normalized by Bugey 4)

» Human activities (cores turned on/off, detector calibration, etc)(C &K % day-night
effect & MC prediction C well-accounted

» Correlated uncertainties associated human activities are included a covariance
matrix (include all stat & syst errors)

- MC expectation (IBD cross-section, flux,

125F1089H A EEH
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Neutrino oscillation from Lorentz violation

In 3 active flavor neutrino oscillation framework

((hest)enl L7 | || (hett)er]* L? Prob(anti-ve — anti-vp)
Pyo—p, ~1— —
o (hc)? (hc)? : ;
72 Prob(anti-ve — anti-vT)
=1 — o [ (C)en + (As)ep sinwg Ty + (Ac)en cos waTe
+ (Bs)ep sin 2wg Ty + (Be)ep cos 2we T | 10 amplitude
+ [ (Cler + (As)er sinwg T + (Ac)er coswgTy 5 free parameters
+ (Bs)er sin 2wg Ty + (Be)er cos 2wa T | ] — Too much & complicated

“@=T fit” :assumption P(—anti-vp)=0

12 . Double ChoozD R KEREZZE Z 5
P,je_H;e ~ 11— 5 H (C)éi— + (./43)57— SIHW@T@
(he) | E.RARICTZ1yhULTH, HED
+(Ac)é7—- COS W@T@ + (88)57—— S1n 2W@T@ ‘/[%c Lj: Lj f’d: \l\

—f—(Bc)é»,—- COS QW@T@ ‘2 ]
“e=M fit” :assumption P(—anti-vT)=0,

(th)g [ (Cen + (As)en sinwg T

—I—(.Ac)éﬂ cos wg g |2] (remove CPT-even coefficients
as MINQOS, MiniBooNE)

Py 5, 21—

125F1089H A EEH 24



Lorentz-violating analysis result

® | east square fitting w/ total error matrix (stat + correlated syst)
for BG-subtracted data

ST T Hr -
0.8— - e-u best fit + +

X2/ndf For both fit, time

e-u fit : 28.8/21| independent C is
e-T fit:27.7/19| dominated

flat fit : 30.6/23

AX2 = X2(flat hypothesis) - X2(min)
— Ax2(data) < Ax2(pesudo-exp)

— best fit
N T Y - e-p fit : 41.8%
' 30000 40000 50000 60000 70000 80000
0 10000 20000 Sidereal time (seconds) - e-T fit : 60.0%
No time dependent indication
BF parameter 20 limit
(1072 GeV) Limits on SME coefficients by constant X2
8; o8 % Ex 10 (20) limit w/ constant AX2 = 5.9 (11.3) for
(AZ); 0.4 7 0 e-T fit (5 params)
Bs)er 0.0 5.4
(B )__ 0.5 5 4 “Norm-fit w/ only C” = “Rate-only 0,3 analysis”
(Deler ' — S SOAERE TR L ation &
(@)er ERL 17 — = orentz violation < (mass,
(As)er —0.4£0.7 1.9 013) oscillation DFERDXFITE 4R LY
(Ac)en 0.5+ 0.8 5.5

125F1089H A EEH
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Summary

® Standard Model ZI55R T B & T, A DIRED T X)L F —5EIH TH Lorentz
violation D AIEM T E 5 (HH)

o I Tlc% < DEEE TLorentz violation DEETTN SN TWB D, IKEIZELEDH -
TLVZE L

e LSND*MiniBooNE(anti-neutrino mode) CSidereal modulation > [EWWEH DN E X T
WEH, WEDRERIIFET S

o HIRENE—RTOIRED/NTA—FHIR
® Ve & Vu:<le-20 GeV (LSND, MiniBooNE, MINOY)
® vy & VT :<le-23 GeV (MINOS, IceCube)

® Ve & VT:<le-2| GeV (Double Chooz)

® MiniBooNE anti-neutrino® 7 )L 7 — % BT, RlOEET7 7O0—F. FHYENS
DHEIRRE. XLEPEZEIEHD(EERD)

125F1089H A EEH
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2. Modern tests of Lorentz violation  The last meeting of Lorentz and CPT

AYTATFREDY 7

violation was in summer 2010.

* AAT LY ¥ —HAB(V. Alan Kostelecky) DHP Next meeting will be in summer 2013

http://www.physics.indiana.edu/~kostelec/faq.html

MEETING
LINKS

Meeting Home
Registration
Program
Proceedings
Travel
Accommodations

Fifth Meeting on

CPT AND LORENTZ SYMMETRY
June 28-July 2, 2010

Indiana University, Bloomington

LOCAL
LINKS

IU Physics
IU Astronomy
IU Bleomington
Bloomington area

The Fifth Meeting on CPT and Lorentz Symmerry will be held in the Physics Department, Indiana
University in Bloomington, Indiana, U.S.A. on June 28-July 2, 2010. The meeting will focus on tests of
these fundamental symmetries and on related theoretical issues, including scenarios for possible
violations.

Topics include:

« searches for CPT and Lorentz violations involving
o birefringence and dispersion from cosmological sources
o clock-comparison measurements
o CMB polarization
o collider experiments
o electromagnetic resonant cavities
o equivalence principle
o gauge and Higgs particles
o high-energy astrophysical cbsesyations
o laboratory and gravimetric tests of gravity

125F10H9H X EH
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Topics:

* searches for CPT and Lorentz violations involving
birefringence and dispersion from cosmological sources
clock-comparison measurements
CMB polarization
collider experiments
electromagnetic resonant cavities
equivalence principle
gauge and Higgs particles
high-energy astrophysical observations
laboratory and gravimetric tests of gravity
matter interferometry
neutrino oscillations
oscillations and decays of K, B, D mesons
particle-antiparticle comparisons
post-newtonian gravity in the solar system and beyond
second- and third-generation particles
space-based missions
spectroscopy of hydrogen and antinydrogen
spin-polarized matter

* theoretical studies of CPT and Lorentz violation involving
physical effects at the level of the Standard Model, General Relativity, and beyond
origins and mechanisms for violations
classical and quantum issues in field theory, particle physics, gravity, and strings

2010 meeting

125F10H9H X EH




Back up
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Sidereal time (B £ KH)
o BNRDENTOHRBEEFICK > TEF5NSEHE

EERFEIEPARDKEAE UTERINDS (HH5WE. ZORICEMEICERZSEDIRE
EUTHERTED) - BRI FFRZEBT BK. TR DERRORORENSE &
SEHEEICHBEFICEDHZOMAIEERIL00:.00CTH D, 7))y IVEERIEACF
YR - Ty ITOFFR (RAFFHR) LTHICEPRDEATH S,

F9. BERIZERF(ST)D SRFEIZ 5=, HERFUT)ZXRH B,

SRR (UT) = BARZRZER(ST) - 9FF

UTOIRED T LIV ABTOEZY, BZM, H%ZD. FE%Zh. 9%m. W%Zs& 33, /2L, 1BE2R
FENZ2NeIE YDOEZ-195) DI3A. 14BEULTRATS HB:2010F 1 B IHDIHZE. Y=2009, M=13,
D=1) , COEEL)TRABEH(D)IE. ROKTKSHEND,

3 Yy h o m .
ID = [365.25 30.59( M — 2)]+D+1721088 5+~
[365. H[um} hu(JH >N I+ D+ 217 1440 T 86400

DRSS IFNERUTZYIDIETERICTZLDEHKRET %, RIC, TJD (Truncated Julian Day - NASAHYVE
AU FREF1968F3 H24HOR NS DHE) ZROATKD 5,

TJD = JD — 2440000.5
VIR RICENT ST Zy VEER (REDHZZRICANITIEER) (. ROATKHB I &

NTED (hWIFBDEN, EHETRESNICBEZISTE >80 ERD) »
e = 24" x (0.671262 + 1.0027379094 x T.J D)
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Sidereal time (|E £ [KF[H)

distaxt =t Solar time (24h) & Sidereal time
L e (23h56m04s) D3E L

12:00:00 11:56:04  12:00:00
(o) (e (e
5 3 5

a sidereal day

23 h 56" 04" ‘ 3" 56" |

24h
a mean solar day
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2. What is CPT violation?

CPT symmetry is the invariance under CPT transformation
L—T seLe!'=L'=L, ©=CPT
CPT is the perfect symmetry of the Standard Model, due to CPT theorem

CPT-even CPT-odd

Lorentz violation
Py €0y Py @y

CPT-odd Lorentz violating coefficients (odd number Lorentz indices, ex., a*, gMv)
CPT-even Lorentz violating coefficients (even number Lorentz indices, ex., c*v , k@b )

07/10/12 Teppei Katori, MIT 39
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L-E diagram

BNL-E776 CCFR/NuTeV

MiniBboNE

——— NOMAD/CHORUS
MINERvA

E (GeV)

Fig. 4. L-E diagram with the vSM (two straight dotted lines) and the Puma model (two dashed
and solid curves).
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MiniBooNE Unbined likelihood

—(,us +pp) N . . 1 (_ — 2
€ o — f4b)
A= [T (7 X —— -

N, the number of observed candidate events

lts, the predicted number of signal events, the function of fitting parameters
Ly, the predicted number of background events, floating within 1o range
Fs, the PDF for the signal, the function of sidereal time and fitting parameters
Fp, the PDF for the background, not the function of the sidereal time

op, the 1o error on the predicted background

[y, the central value of the predicted total background events
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