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Summary

IIVUL 11

NEW PARTICLE?Y
x> /d.o.f. =1.07

CCUOTTETT:

The deviation observed at the bombarding ene
E, = 1.10 MeV and at ® = 140° has a significancg§of 6.8
standard deviations, corresponding to a backgroun@fluc-
tuation probability of 5.6 x 107'2. On resonance, the
contribution should be even larger, so the background

ATOMKI PAIR
SPECTROMETER

p
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Nuclear Physics vs. New Physics

excited state

((@ Nuclear de-excitation

by off-shell photon

RESONANT =
PRODUCTION WVW\A_
DISCRETE THIS IS GREAT FOR;

TRANSITION @ weakly coupled,

MeV-scale new state
ground state

e.g. axions

Treiman & Wilczek, Phys. Lett. B74 ('78), Donnelly et al., Phys. Rev. D18 ('78)
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Background: Internal Pair Creation

10 ¢

Electric & magnetic
transitions (£-wave)

107

dN/d6

107 ¢

Smooth,
= monotonically decreasin
|

PR T H H H H H TN  H H PR T N [N T M AN T T T [N T M A S A
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Opening Angle 6 [deg]

10"

Gulyas et al. NIM 15604.00489

Nuclear de-excitation
by off-shell photon

A
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Beryllium-8 Levels

ISOVIOLATING
ISOCONSERVING
5Be JF T EMeVl TIKeVl J” T EMevl TiKeVl
3 0 10.24 227
o 2 202 720
37 1 19.07 271
Be” 1" 0" 18.15 138
............................................................. ®)
4 0 1135 3500 \\_Be"’ 1 17 1764 107
_ o I ___’Lisp dissociation threshold
2" 0 303 1513 - 2" 1" 16.02 74.0
2" 0 16.6 108
o 0O 0O ground state Be 3
to ground state " _ states of mixed isospin
int: [sospin conservation is a red herring!

Based on Pastore et al. Phys. Rev. C 90 (2014)

1406.2343)

flip.tanedo @ ucr . edu

NEW PHYSICS IN BERYILLUM-87



Experiment & interpretation

18.15Mev SBe* ®+@
(( WX N .

1.03 MeV '
10 keV width : @

SBe

ATOMKI PAIR
SPECTROMETER
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A 6.80 anomaly: opening angle

! "Li(p,e*e)’Be ( ((@
' o0r @

PROTON ENERGY
Ep= 1.20 MeV

dN/d6

E = 1.10 MeV

E = 1.04 MeV

E = 0.80 MeV

PR I T T TN T T T T
40 60 30 100 120 140 160

Opening Angle 6 [deg]
Krasznahorkay et al. Phys. Rev. Lett 116 (2016) 042501 3
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A 6.80 anomaly: two measurements

-1
10 7T

m=15.60 MeV

_ 800 NEW PARTICLE?
-6)//)) m=16.6 MeV

700 | XQ/dOf — 1.07

dN/db6

Counts, Nee [per 0.5 MeV]

400 |
300 F
200 |
10 7} 100 E
S AT DUTT TP
80 90 100 110 120 130 140 150 160 170 9 10 11 12 13 14 15 16 17 18
Opening Angle [Deg] Invariant Mass, mee [MeV]

Krasznahorkay et al. Phys. Rev. Lett 116 (2016) 042501 9
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Sanity Checks

1. Bump, not monotonically decreasing backgrouno
2. Opening angle and invariant mass agree (1/ VieV)

3. Bump disappears off resonance
not from interference with other decays

4. Bump disappears for asymmetric energies
consistent with kinematics for on-shell particle

5. Large transition, wouldn’t see it in other nuclei
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New Particle?
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Not a dark Higgs ( j° = O0*)

ISOVIOLATING

ANGULAR MOMENTUM [SOCONSERVING

=1

JF T EMeV] TIKeVl
3 0" 1024 227

PARITY
P = (=)' Pg. Px

-+ o+

3 17 10.07 271

18.15

138

17.04

Decay is forbidden - | |- - Jtoedeecetontesiod
Up to parity violation

10.7

2 1" 16.92

a0 10.03 108
to ground stat@  O* " _ states of mixed isospin
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Not an axion-like particle ( j? = 0"

P

largely ruled out
for many decades in

ALP—y couplings

L 10~4

> 3

2. -5

5 10 recent work:
10-6 Ul Ellwanger &

Stefano Morettl

107 1609.01669
1078

1074 100

m, [GeV]
Dobrich et al. "ALPtraum,” 1512.03009; see also Intensity Frontier 1205.267 1
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Not a dark photon

e~ 0.011

Similarly, dark Z tension
w/ atomic parity violation

Proposal: separate
u, d and e couplings

Phenomenological model

KLOE

NA48/2

~

to diagnose what is required
for a new physics interpretation

NA46/2 1504.00607

flip.tanedo @ ucr.
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2
) — X | 1%, (Mevic)
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n’-phobia = p*-phobia

To avoid NA46/2, prohibit m° decay to Xy

X X
0
L — 4 m == TP
1 "y Goldstone
/3 (v = dd) Of SU@L<5TTx
Y 8
FROM QUARK CONTENT STEINBERGER CALCULATION
/ /
QuQu o Qde — O p
/! _2@/ N p—
d — w n

~or spin-1-
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Beryllium + new particle EFT

EFT:. use parity, Lorentz

{CV g_VBe GMVFIO((‘T/)EMVPU } G = 0;,Be” 0,

VANISHES, e.g. INTEG.
BY PARTS + BIANCH

TRIUMF COLLAB.
1612.01525

CLLWANGER & MORETTI
1609.01669

EFFECTIVE FIELD

THEORIES

—XPANSION PARAMETER

size of nucleus (100 MeV)~1

de Broglie A (6 MeV)_l as seen in
PETROV &
UCI-IPC SLECHMANN
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Rate

PRODUCTION

Br(®Be* — °Be X) 5 px | o
= n) — ~ 9.0 X 10~
Br(8Be* — 8Be~) (#o+ en) Dy :

DECAY
HADRONIC MATRIX ELEMENTS
CANCEL IN THIS RATIO —
ge > 1.4 x107° @

g, — &;¢€
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Beryllium-8 Levels

ISOVIOLATING

ISOCONSERVING

What about iso-violating

17.60 MeV transition? P T EMeV [KeV

3 0 10.24 227

PLASE SPACE SUPPRESSION (~5) 3 1 1907 271

Br(®Be” — X)  ,|px/|?

Br(®Be™ = 7)  |5,[]

0" 18.15

138

This Iis a robust prediction

ANALOGOUS TO Yy AND Z ¥ FOR
INDIRECT DETECTION OF DARK MATTER

16.92 74.0
0" 16.63 108

to ground state " _ states of mixed isospin

Based on Pastore et al. Phys. Rev. C 90 (2014) [1406.2343]
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Production (quark) couplings

FX/I(;W NA48/2 _ |
|so-violating

0T X Uz

10

PROTOPHOBIC s

DARK PHOTON

UCIHPC: 1608.08591 19
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Decay (lepton) couplings

E141

Lower bound
oNn €¢: decay
iInside dump

SBe

663 '

107

104

Lower bound

on €e: decay
INn detector

10

GRAY REGIONS RULED OUT 1

(g —2), favored

UCI IPC 1608.03591

flip.tanedo @ ucr.
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Eu = —gfn ~ +3.7 x 1073

2x107* < e £1.4x107°

QO P
| T, %
AN 23
| > %
< ] e =
mE141 7 >
4//\
<
A
%
AN
N\
‘mx = 17 MeV Be decay length |
106 105 104 £
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2
SEn F7.4 x 1073
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UV completions of protophobia?

() — B
e.g. gauged B with tuned kinetic mixing to Q
but: e coupling too big, anomalous (need new matter)

Q—(B-1L)

. manifestly anomaly-free
. € coupling too small, stuck with v couplings
. heed separate module to cancel v couplings

NON-PROTOPHOBIC

Axial vector?  Pseudoscalar? Matrix element
TRIUMF GROUP CLLWANGER & MORETTI .
1612.01525 1609.01669 uncertainty”
UCI-IPC

21/
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Future experiments

Independent Verification

COMPLEMENTARY SEARCH

Mu3e, phase 2
Starting 2018

LHCb, Run Il
2021 - 2023

POSSIBLE DIRECT CHECKS

TUNL: yYN—ee
UK: VdG acc.
Others?

UCI IPC 1608.03591
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Other (10 MeV) Anomalies?

(g-2), may be in the same ballpark

proton radius problem?
Self-interacting dark matter?

m— ete- KTeV anomaly?

u, d ot
[ U~ . 20 MeV \ ° _
7V Q%M (gﬁ—gi)gj( ) ~1.6x 10"
\ mX
u,d e

Kahn, Schmitt, Tait (O712.0007) and Kahn, Kmjaic, Tait (1609.09072 )
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Axial Vector (new from TRIUMF)

A V
FEATURE: ISOVECTOR 102 Ju <0, 9, >0, 9., =91+ 90, =2 %9, 9,=0
TRANSITION SUPPRESSED
VS, VECTOR CASE

8Be™ preferred g

explicit model

(UV complete)
10°
10° 10° 10" 10°
Kozaczuk, Morrissey, Stroberg (1612.01525) 9. N
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Thanks! ZFALgrL|CH

- Anomaly in the 8Be (18.15 MeV) transition

. 6.80 bump; x2/d.o.f.=1.07

-+ More exotic than a dark photon

- Nearby anomalies may be relevant

+ Next step is experimental: confirm or Kill
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Extra Slides



Productlon (quark) coupllngs

Shaded Reglons |
Allowed -

1 Barbieri Ericson
1 Phys. Lett B57 (1975)

| PROTOPHOBIA

-0 ~X 0 = —%an ~ 3.7 x 107°
0 2 4
£q = §8” ~ F7.4 x 10
Ed = —2€y 2% 1074 < |eo| S 1.4 x 1072
eve? <7 x 1070
—10‘2

_4N-2 SEEEENE S > 8
UCI IPC 1604.0741 1 10 0 102 €&y -
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Normalizing with y decay

Jr_, = NN JE_, = Ny'T°N N = (p)

ISOSINGLET ISOVEGCTOR

X—NUCLEON CURRENT

1 1
']JL\LI — 65195 (Jéfzo + J¥:1) T 65n§ (Jéfzo - Jéf:l)

7 7
J, Jr
<8Be|J§f:1 5Be*) = 0 NOT REALLY: BUT RESULT UNCHANGED
€

(*BelJiy[*Be*) = J (5 + =a) (*Bel Jf_|*Be”)
(*Be| Ty *Be") = - (CBETELPBE)

MATRIX ELEMENTS CANCEL

UCIHPC: see also Pastore et al. Phys. Rev. CO0 (2014
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What about isospin violation?

Pastore ef al.: large isospin mixing in these states.

Nuclear physics here may not be fully understood,
but effect is unlikely to be able to help.

"CARTOON" EXPLANATION

I'(Be* — Be~w) b 18.15 MeV

mx )2 3/2 2 (Be|.J**|Be*) 2
ep +en (BelJ |Be™) + (Be|J;'|Be™)

ISOSPIN VIOLATING PIECE

Hope: denominator is small due to

(. . .)2 ends up s 1 cancelation; nuclear calculations
do not corroborate this.

~OR DETAILS
Pastore, Wiringa et al. Phys. Rev. C 90 [1406.2343], Phys. Rev. C 88 [1308.56/70]
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Isospin Violation

ISOSINGLET TRANSITION ISOVECTOR TRANSITION
Mll,Tzl — 0767(9) LN

PHYSICAL
STATES

a1 - o D A+ . D
1) — 5 G S+ o

ISOSPIN
VIOLATION

[041 =0.21(3) B = 0'98(18 SEE |?\1.549

1608.03591

ISOSPIN MIXING ANGLES

Pastore, Wiringa et al. Phys. Rev. C 90 [1406.2343], Phys. Rev. C 88 [1308.56/70]
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What about the X-dipole moment?

These are already included in the full isospin
treatment by Pastore et al.

Pastore formalism (isospin basis) includes electric
dipoles in the M1 matrix elements.

We also use the isospin basis and the Pastore M1
matrix elements, rescaled by the appropriate X-charges.

Pastore, Wiringa et al. Phys. Rev. C 90 [1406.2343], Phys. Rev. C 88 [1308.56/70] 31
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Production (quark) couplings

NA48/2

o 13 17 .o

0T X Uz

10

PROTOPHOBIC ,*
PROTOPHOBIC s

DARK PHOTON DARK PHOTON

e, x 10° -10 - e, x 107

I'x
PW_

| —0.09 (g, + €n) + 1.09 (g, — £,)

UCI IPC 1608.03591 -
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Mass Dependence

e, X 10°

(o)}

O
o
@)
T
o
@)
|_
@)
o
o

h‘ = 17.3 MeV 2

-2 0 2 4 6 g, X 10°

UCIHPC 1608.03591 33
flip . tanedo @ ucr . edu NEW PHYSICS IN BERYILLUM-8? /25‘




ATOMAKI Pair Spectrometer

from A.J. Krasznahorkay: slideplayer.com/slide/6112261/
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Detector Resolution

50000 -

Simulated peak shapes ! |
for the spectrometer at 40000 _
6 and 18 MeV - -
§ l
5 30000 -
O 20000 -

)HJ/L i

PR N T T S N M T N T T A SN A '
2 4 6 8 10 12 14 16 18
E__ (MeV)

sum

1
20

Gulyas et al. NIM 15604.00489
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The Beryllium that Cried ‘Wolf’?

A pre history of Beryllium anomalies
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Pre-History, the de Boeron

A deviation 1n internal pair conversion

FW.N. de Boer®!, O. Frohlich?, K.E. Stiebing?, K. Bethge®, H. Bokemeyer®,
A. Balanda®, A. Buda®®, R. van Dantzig!, Th.W. Elze?, H. Folger®, J. van Klinken?,

K.A. Miiller?, K. Stelzer?, P. Thee?, M. Waldschmidt?
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b Gesellschaft fiir Schwerionenforschung (GSI), D-64220 Darmstadt, Germany
¢ Institut of Physics, Jagellonian University, Pl-30-055 Cracow, Poland
d Kernfysisch Versneller Instituut (KVI), NI-9747 AA Groningen, The Netherlands
¢ Department of Physics, SUNY at Stony Brook, Stony Brook, NY 11794, USA
t NIKHEF, 1009 DB Amsterdam, The Netherlands

Received 6 May 1996; revised manuscript received 26 September 1996
Editor: J.P. Schiffer

Abstract

The El e*e decay of the 17.2 MeV level in '2C, and the M1 e*e fdecay of the 17.6 MeV level in *Behave been
studied in a search for possible signals of shortslived neutral bosons with masses between 5 and 15 MeV/c?. Whereas for
the E1 decay at large correlation angles ng@ deviation\is found from internalypair conversion (IPC), surpriSingly the M1
angular correlation deviates from IPC at the 4.50 level

No gates, no resolution to see bump (... N0 bump)

Fokke de Boer et al. Phys. Lett. B388 (1990) 235
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Is Beryllium Crying Wolf?

The 1996 “de Boer-on” iIs ruled out

1 ) 1 F

- a .
5 w5 -
0 @
©1.75 b) O °
X . h BG P broad excess
§ "° [, Consistent wit Cisl o likely E1 pollution
5125 | . 5 S "
A TS TP YU B S S A e g

20 40 60 80 100 120 140 20 40 60 80 100 120 140

correlation angle w (degrees) correlation angle o (degrees)
12C E1 transition 8Be (17.6 MeV) M1 transition

excluded by ATOMKI study
ATOMKI: 2% E1 removes excess

Fokke de Boer et al. Phys. Lett. B388 (1996) 235
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