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EXotic potentials

1984 - J. E. Moody & F. Wilczek — introduced

e 20006 - B. A. Dobrescu & |I. Mocioul — extended

e 2018 - P. Fadeev et.al. — reviewed
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EXotic potentials

Are there any discrepancies between experiment and theory?

Yes NO

A 4 \ 4

Calculate the level shifts caused by exotic interactions
(they will depend on constant f)
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Shifts cannot be bigger than discrepancies - constraints on f
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Antiprotonic helium

Short history

1991 - first observations of
long living states
(microseconds)

2009 - measurement of
magnetic moment

2011 - resolving hyperfine
structure

2016 - precise measurement
of antiproton-to-electron mass
ratio (inspiration for us)

" p He Atomeculs



Antiprotonic He levels

n2h?

I'n

M. Hori et.al., Buffer-gas cooling of antiprotonic
helium to 1.5 to 1.7 K, and antiproton-to—electron
mass ratio, Science 354, 610 (2016)
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Transition Experiment frequency Theor. frequency KM KQ
(n, 1)~ (n', ) (MHz) (MHz) (ppb) (ppb)
5*He
(4035)6(3934) ..................... 445608573(5)(4)(1) ....................... 4456085723(4) .................. R 7
(38, 35 (38, 30) " SE61B5900 10 1(20)(08) T Io6156090564) 27"
(39, 35) - (38, 34) 501948753.4(2.1)(1.9)(0.8) 501948755.1(2) 1.8 30
(37,35)>(38,34) A4128851331(10)08)(06) 4128851324(2) 26 40
(37,34) 2 (36,33) ... 036878154.3(2.2)(1.9)(L1) . 6368781520900 ... 16 28
(34,33)»(35.32) .. 655062100(10)A0)A)  .........622062100.92(7) ... el 34
(35,33) 2.(34.32) ..804633058.2(21)(1.8)(1.2) 804633058.46(6) ... LS 26
(32,31) > (31, 30)  ..1132609226.7(2.8)(2.0(14) 1132609224018) . 13 24
A,
(38,34) > (37.33) ........200222282(4) 4)(1) . 9052222810(3) . 18 . 31,
(36,34) > (37.33) ... 4141475104(2.6)(2.3)(1.2) ... H4147508.9(3) .28 ... 40
(36,33) »(33,32) ... 646180416(5)(4)(D) .............240180412.98(3) ... 16 28
(34,32) 2 33.31) 822809167(3)(O)() ... 822809172.30(7) ... LS 26.
(32, 31) - (31, 30) 1043128581(5)(4)(1) 1043128580.64(8) 1.3 2.5




(37,35) state

i general variational method |

I

'is used to obtain ground states.
| In th|s case |t vvould be (1 0)

We may postulate test vvavefunotlons ,
| vv|th f|><eo| angular momentum I 35 ‘

For these test wavetunot|ons, |
(36 35) is a ground state

| We still need to _f|nd away ;;
| to get (37 35) state




(37,35) state

| We use the varlatlonal prmClpIe
lin space of |= 35 test wavefunctlons

t

| Weget an approximate : ‘
| vvavefunct|on tor (36 35) state |

h We puild a space of =35 test wavefunct|on
| orthogonal to the (36 35) state

t to flnd the lowest state




(37,35) state

Variational principle works flawlessly for the first excited state
only, if we know the precise wave function for the ground state.

e

(n,1) This paper Ref. [12]
(36, 35) -2.979 -2.984
(37, 35) -2.883 -2.899

[12] T. Yamazaki et.al., Antiprotonic helium, Physics Reports 366 (2002) 183-329

- We also check: if our wavetunction was a little bit

- wrong, how much would it change our final results?




(37,35)

Hyperfine structure

J=L
F=L-12 __— A
A T~ = " :
E E EVﬁFs
R J=(L+se)+s
: VHFS | :
I S
Y /]=.£+1 !
F=Li12 ¥
IJ=L
Vi (GHz) v (GHz)
This work 12.896 641(63) 12.924 461(63)
2002 [12] 12.895 96(34) 12.924 67(29)
Korobov [15] 12.8963(13) 12.9242(13)
Kino [17] 12.8960(13) 12.9239(13)

T. Pask, et.al., Antiproton magnetic moment determined from the HF'S of pHet,
Phys. Lett. B 678, 55 (2009)



Results

Experiment [2] Theory [51] Difference AFE (at 90% C.L.)

Vi 12.896 641(63) GHz 12.8963(13) GHz 0.3(1.3) MHz 2.2 MHz
Viips 12.924 461(63) GHz 12.9242(13) GHz 0.3(1.3) MHz 2.2 MHz




Results

Experiment [2] Theory [51] Difference AFE (at 90% C.L.)
Vit 12.896 641(63) CHz 12.8963(13) GHz 0.3(1.3) MHz 2.2 MHz
Vi 12.924 461(63) GHz 12.9242(13) GHz 0.3(1.3) MHz 2.2 MHz
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Results

| f2) /3] | fays] | fs]

Estimates| 3x107*? 3x10° 2x107% 3x107%
Numerics| 1.4 x 107" 25 %1077 44x107°% 1.3x 10"




summary

e First constraints on semileptonic spin-dependent
iINnteractions between matter and antimatter

e First constraints on non-static spin-dependent interactions
between matter and antimatter

* Proof that we can easily obtain constraints on exotic
Interactions using various atomic systems
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