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CPTLV: SME and Muon g-2

« SME Lagrangian (Kostelecky et.al.): 1
L= —appy™ — bepysy"™p — SH AP

1. - 1 - iy
+o ey D + ZidxPysy™ D7 o)

- All terms violate Lorentz invariance
- a,, b, are CPT-odd; others are CPT-even

e Predicts two CPT/Lorentz violating signatures for muon g-2:
- Sidereal (or annual) variation in w, (with p* or p) — by

- Difference in w, between pu* / u"— b,, Hyy, d»g
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https://arxiv.org/abs/hep-ph/9809521v1

CPTLV: Sidereal Results

« BNL E821 Results (2008)
Amplitude of sidereal oscillation: A# = 2b%. sin y

A" < 4.2 ppm Preliminary Run 2 result:
; AF < 2.0 ppm
AR < 2.2 ppm (Meghna Bhattacharya dissertation)

.
b‘”’ \/(b’“’ )%+ (B ) < 1.4 x 107%* GeV

bl = \/(‘5*;()2 + (B4 )2 < 2.6 x 107 %* GeV
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CPTLV: u™/u~ w, Difference

+ _ b
Awg = (Wh ) — (W) = £ cosy

~
 However, the magnetic field can vary, so when comparing frequencies,

instead of w,, we use R = w,/ w,

« BNL E821 Results (2008)
AR = —(3.6+3.7) x 1077

by = —(1.0+1.1) x 1072° GeV
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CPTLV: u/u~ w, Difference

* For two experiments AR = 2bZ(COSX1 + S XQ)
different colatitudes: T “pl “p2
COS COS
- e.g. BNL & CERN, +2(mudyo + Hxy) ( X1 XQ)
FNAL & J-PARC Wpl Wp2

* BNL E821 Results (2008): (mudzo+ Hxy) = (1.6 £ 5.6 x 10_23) GeV
- BNL & CERN

But J-PARC can’'tdo u™ ...

E989 Is the only and last
shot at this!
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CPTLV: u*/u~ w, Difference T P2

T

* Also note that Muon g-2 with p essentially gives you 3 new experimental
results here, not just 1!

 What we have:

- BNL(y = 49.2) u*/u (700 ppb) & CERN (y = 43.8) u*/p (7300 ppb) Acosy = 0.07
* What we would get:

- FNAL (y = 48.2) p* (140 ppb) & BNL p (700 ppb)

- FNAL p (350 ppb) & BNL p* (700 ppb)

- FNAL p (350 ppb) & J-PARC (y = 53.5) u* (450 ppb) - Dominates Acosy = 0.07
e Potentially about 15x improvement

} Acosy = 0.01
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SME Muon Sector Current Limits (Kostelecky et.al.

—— K
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n-?
' +
Wlth ” Table D21. Muon sector, d = 3
Combination Result System Ref
Re H{i?(ﬂﬂ} , [Im H [I;E{DE} , |Re g{iﬁtmﬂ} , [Im ggﬁmﬂ} < 2x 10722 GeV  Muonium spectroscopy  [20]*
Re H{iﬁt(lﬂ} i, II]lH[ﬁ?{IB} , |Re g{iﬁt{lﬂ} , [Im ggﬁ{lﬂ} < 7x107% GeV 20]*
bt /m, (7.3+£5.0) x 1007 Muon decay 184]*
b —(1.0+1.1) x 1072 GeV  BNL g, — 2 185
(D)2 + (D)2 < 1.4 x 10724 GeV 185
(b )2+ (by )2 < 2.6 x 10724 GeV 185
(bx )2 + (by )2 < 2x 1072% GeV  Muonium spectroscopy  [186
bz — 1.19(m,dzo + Hxy) (—=1.44+1.0) x 10722 GeV  BNL, CERN g,, — 2 data [187
bz (—2.34+1.4) x 107%2 GeV  CERN g, — 2 data 187], [188]*
Re HZ) B IIm PP <5 x 1072 GeV 20]*
Hi —1.6+ 1.7) x 10=22 GeV__BNL. CERN g, — 2 data [20]*
\Reﬂéﬁ}l : \Imﬂgﬂ X 90
m,dzo + Hxy (1.8 £ 6.0) x 10722 GeV 185
3¢ Fermilab


https://arxiv.org/abs/0801.0287v11

SME Muon Sector Current Limits

n-7
[ + - -—
With M Table D21. Muon sector, d = 3 With o
Combination Result System Ref.
Re HE&T{DB} , [Im H [I;E{DB} , |Re ggﬁmﬂ} , [Im ggﬁ*mﬂ} < 2x 10722 GeV  Muonium spectroscopy  [20]*
Re H{iﬁt(m} : ImHﬂ?“m , |Re ggﬁ{lﬂ} , |[Im ggﬁ{lﬂ} < 7 x107% GeV 7 20]*
b' /m 7.345.0) x 10=7  Muon decay 184]*
b —(1.0+1.1) x 10=> GeV  BNL ¢, — 2 185
(D)2 + (D)2 <14x 1072 GevV 7 185
(b )2+ (by )2 < 2.6 x 10724 GeV 185
bx )2 + (by)2 < 2x 10723 GeV  Muonium spectroscopy  [186]
( 136,
+ d BNL, CERN g, — 2 data [187
bz (—23 T l—l) x 107 GeV CERN G — 2 data 87, [188]*
el 3}(03} s BJ{DB} 5 x 1023 ’ "’ 9()]*
HLY 1.6+ 1.7) x 1022 GeV_ BNL. CERN g, — 2 data [20]*
> (3 3 .
‘REHEn}l ) 151:-'1
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SME Muon Sector Current Limits

(i),

Table D22. Muon sector., d = 4

Combination Result System Retf.
crr +0.35(cxx + eyy ) + 0.28¢zz <85x 107 BNL g, — 2 189]*
"Tpn — C*‘;r‘ < 3 x 101 Astrophysics 48]*
AT 0.05c4% (4.94+1.1) x 10=%  Muon decay 184]*
c] < 10711 Astrophysics 68]*
Re goy "], [Im gg7) ™) < 5x 107%2  Muonium spectroscopy [20]*
Re gy |, [Tm gy, < 6.6x10-25 BNL g, — 2 20]*
El}l} (—23 T 24) x 10729 " 20*
Mgy —(7T8485) x 10727 GeV 7 *
pIXYT 8 £8.5) x & 20)]

< 1.1 x 10727 GeV
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SME Muon Sector Current Limits

Table D23. Nonminimal muon sector, d > 5

Combination Result
lalR < 8x107% GeV™!  Muonium spectroscopy  [20]*
DR < 8x 1076 Gev™! 20]*
Re Hot PP mm HYEOP) | Re gyd )| [T goya 0P| <1x1071 Gev~ ! 7 20]*
Re Hov M| tm HORYP)| D |Re D)) |Tm o s )| <6x10712 Gev 7 20]*
aVRG) —mp , gUR() (=1 to 1) x 1073% GeV~!  Astrophysics [73]*, [18]*
Re HB}{DB) , |Im HBHDB” < 5x 10721 GeV™!  Muonium spectroscopy  [20]*
Re Hyi |, Im Hyil, [ReHSY | [Im Hy)) | <21x1072° GeV™' BNL g, —2 20]*
Re /7| |Tm 7712 1.3 x10=25 GeV_L 7 20]*
g, al) (—1.7+1.7) x 10723 GeV™!  BNL, CERN g, — 2 data [20]*
a%) (2943.0) x 10724 GeV™+ 7 20]*
¢UR(6) (—8.5 to 0.0025) x 10720 GeV™?  Astrophysics 73]%, [18]*
IRe ¢{¥ )| |mm ¢{$)°P)] <5x 10720 GeV=2  Muoni t 20]*
€ 9011 : Jo11 e uonium spectroscopy |20
Re doir |, [Tm goiil, Regsiyls [Tm goqy | <6.8x 10726 GeV™* BNL g, — 2 20]*
Re 39| (Im g% 43 10726 GevV=2 7 20]*
g0 5% (—2.4+2.5) x 10726 GeV ™2 20]*
(—2.5+2.5) x 10726 GeV~? J*
af? < 1x10° GeV™* Muonium spectroscopy  [20]*
o’ <1x10% GeV™? 7 20]*
R <1x10° GeV™* 7 20]*
iR < 1x10% GeV™? 20]*
Re H2NP) | mm HNEOP)) Re g1 0P|, Im gh 0P <2x1071 Gev? 7 20]*
Re Hy B tm ARRB)| Re i )| Im o) F )| <8x1072 GeV3 7 20]*
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SME Muon Sector Current Limits

11

Re H| (7)(0B)

Im H T0E)
(i Ly ?
HDlD HEIU H41D

<4 x 10719 GeV~?
(—1.7+1.8) x 1072 GeV 3

Muonium spectkdhdapy 121

BNL, CERN_¢.— 2 data [201*

g gl (3.0£3.1) x 10725 GeV 3 20]*

2 oW (2.6 £2.6) x 10725 GeV ™3 7 20]*

Re H |, TmHGL|, [Re HY[, Tm HS | < 22x 1020 GeV ° BNL g, — 2 20]*
Re H”|, |Im A7, <22x 10726 GeV? 7 20]*

Re 30|, [Tm H'Y, |, Re HD, |, [Im H{D)| <14%10726 Gev™? 7 20]*
Re H'Z,|, [Im H'?, <11x10726 GeV™2 7 20]*

Re g {SHDBj . 1111(8}([”3j < 4 x1071% GeV™*  Muonium spectroscon 20]*

ggﬁ)ﬂ ST A (—2.5+£2.6) x 10727 GeV™* BNL g, — 2 20]*

A (—2.6£2.6) x 10727 GeV™* 7 20]*

7 1.6+ 1.7) x 10727 GeV~* 7 20]*

|B,E§U1|i Im gﬂl . Re HEI II]I]. :l§21| < 71 pd 10_2? GEV_4 v 20*
Re 7oy |, [Tm g3 < 71x10727 Gev™t 7 20]*

Re Joat|, |Tm goar|, [Rednl, [Tm gia, <45%x 10727 GeVt 7 20]*
Re 7.2, |, [Tm g3 <36x10727 GevV—t 7 20]*

7. B HS). HE) (—1.84£1.9) x 10725 GeV™® BNL, CERN g, — 2 data [20]*

Hiysp. Hizy, Hezl (3.24+3.3) x 10720 GeV™® 7 20]*

a'l. ad (2.74+2.7) x 10726 GeV™> 7 20]*

7 (-1.14+1.1) x 10726 Gev—> 7 20]*
D010 00 (~26=27) x 102 Gev=" BNL g, — 2 20]
J530 -+ G40~ T30 (—27£27) x 1072 GeV™® 7 20]*

gl i) (1.7+1.7) x 10728 GevV 6 7 20]*

) 13414) x10-28 GeV_ 6 ¥ 20]*
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What else does an additional g~ run give you?

* a,~: Improve by factor of 2

* Dark Matter search (Janish, Ramani)
- Detect ultralight DM that couples predominantly to muons

- Current g-2 anomaly can be explained by a spin torque applied to muons from a
pseudoscalar dark matter background

- Can cause a temporal modulation of w, with a frequency set by the DM particle mass
- Longer run expands the mass range sensitivity

2= Fermilab
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https://arxiv.org/abs/2006.10069v1

Where we are with u™?
 Through Run 4...

Muon g-2 (FNAL) _JDR Goal
w 20 s Run-1 [u*] 20
% s Run-2 [y T ] .
© — .
— e RUN-3 [T /
g 15 1 Run-4 [ ] / B
2‘ — = Run-5[u*] i
m == Run-5[u™] (Mu2e)
© 10 - - 10
()]
S g
E
. Ve / 5
0 /_ - - . - . - - - — 0
WO MDA A 0 90 9N N 9 0
W et W e W e W el W e©
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Period

Run 1

Run 2
Run 3
Run 4

Total

Usable Data Note
(n Xx BNL)
0 Systematics
deweighting
1.3 DQC
2.7 DQC
6 Lost November
10 Far from 20xBNL
2= Fermilab



What data will we have?

 With Run 5...
Muon g-2 (FNAL) _JDR Goal
w 20 s Run-1 [u*] 20
g s Run-2 [y T ] .
© : ; .
— e RUN-3 [T /
g 15 1 Run-4 [ ] / B
= = = RuUN-5 [ 7] -t
zZ
m == Run-5[u™] (Mu2e)
S 10 - - 10
<@
=1 —
f=
. f_/ 5
0 /- - - . - . - - - = 4]
WO MDA A 0 90 9N N 9 0
W Aaet W et W et W eC W eC
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Period

Run 1

Run 2
Run 3
Run 4
Run 5
Total

Usable Data Note
(n Xx BNL)
0 Systematics
deweighting
1.3 DQC
2.7 DQC
6 Lost November
6
16

* Need all of Run 5 for u™

- Can’t afford u~ switching time and
reduced flux

2= Fermilab



Potential Run 6

 Have been making case to keep magnet cold in Run 6 year (i.e. FY23)
- Field mapping, possible systematic studies, ready to take data If opportunity arises

» Should a 20-week Run 6 be u* or u=?

Physics ut Run 6 u~ Run 6

Overall stats 5xBNL 2XBNL
1.14x stat. precision 1.06x stat. precision

W~ stats - AxBNL pu~
2X stat. precision

Additional physics - bﬁ_
b,

dzo
Hyy

many non-minimal, higher d

» u~ allows greater investigation of where g-2 discrepancy might come from
& Fermilab

Last chance
anyone will
have to

make these!
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When Could We Run u=?

FY21 FY22 FY23 FY24 FY25 FY26 FY27 FY28 FY:
Ql |Q2 |@3 (@4 |Ql |@2 |3 |4 |Ql [Q2 |3 |04 Q1 (@2 |3 |4 Al |Q2 (@3 |4 Q1 |Q2 (@3 (@4 JQ1 |Q2 |Q3 [Q4 |Ql |@2 |3 |Q4 |Ql |Q2 |

accelerator shutdown

g2 AuUn 4 ) ' D ) ) D
beam commissioning opportunistic opportunistic 2

beam to Mu2e

construction

* We want opportunistic running beyond Run 5

 TWO main scenarios:

1. MuZ2e stays on schedule — we run opportunistically by switching back and forth with
MuZ2e. Switching takes 1-2 days for u*, 1-2 weeks for u~. Mu2e Interruptions would
need to be on order of 2 months to justify u~ switch. Not likely to get regular
opportunities of that length.

2. MuZ2e slips, opening an opportunity for a possible Run 6 in FY23. This Is where a ™ run
would likely live.

a) DR septum ready at start of FY23: 15t stage low intensity septum commissioning — 20 week
Run 6 — 2" stage high intensity septum commissioning

b) DR septum not ready until mid FY23: 20 week Run 6 — septum commissioning

2= Fermilab
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