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The ATOMKI anomaly

Introduction

Figure: The ATOMKI set up.[1]
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The ATOMKI anomaly

"Li

Figure: An illustration of the experiment. Retrieved from [2]
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The ATOMKI anomaly
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Contours are obtained by the relation

ng— ~ 2arcsin(mx /(my= —my)) where N* — NX [3].

Bumps in the angular correlation of e*e™ pairs at different proton
energies. This figure is from ref-[4], which is adapted from ref-[5].
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Why to believe this is a genuine anomaly?

Observed standard deviation is always greater than 60,

The set-up was improved from five arms to six. Nevertheless, the
anomaly was observed anyway.

@ They have used different position-sensitive detectors, but the
anomaly didn't disappear.

The anomaly was also observed with different proton beam energies.

The bumps show up at different angles with 8Be and “He.
Nevertheless, it is consistent with the theoretical expectation of 17
MeV particles.

@ No anomaly was observed with calibration atoms.
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Framework

weh(®) woH() o

where v? = v? + v3 = (246 GeV)?.

V(81,62) = miiolo + mbydhos — (miadl6s + he) + S (0101)?

+ 22(8h62)? + Xa(6101)(6h02) + Aa(6]62) (0ho)

|2 (016207 + 2o(6l60)8162 + (6402 (6162) + hec.
©)




Framework of our work

Table: Z» Parities charges in each 2HDM type

M0d6| ¢1 ¢2 U D E Q, L
Type | - 1 ¥ + + T
Type Il -+ o+ - - i
Lepton-specific | - o+ - +
Flipped e

The Type-l model: d)l — —()251, ¢2 — ¢2
mio = )\6 = )\7 =0

As
V(brrb1,62) = mi+ 6160 + F(916.)° + (udlads the)
+ ¢l 3101 s + padhdadi b,
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Framework of our work

Lscalar = (Dud)l)T(D#(bl) + (Du¢2>T<Du¢2) + (Duqu)T(DM(bS) (4)
where the covariant derivative is,

D, =0, — igt“W;Z —1ig'YB,, —igpap X, (5)

@ covariant derivative acting on the doublets:

Du¢i =

Oy — JWp - z‘g’pBu ~ igpapiX, , ;;’ww; —iW2) <0)
=L (W, +iW]) Ou+ H4WS —ig'ViB, —igpapi X,

(6)

@ covariant derivative acting on to singlet:

D[LQSS = (a;t - igDth,u)vs (7)
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Framework of our work

1 1 1
Egauge = 7ZB#VBMV - ZX#VXHV - isinﬁX#yBMV (8)

Transformation to remove the mixing term:

B, 1 0 sine\ [ B, B,
ng‘ = 0 1 0 Wgu = ‘/1 W3# (9)
X, 0 0 cose X, X,
The Winberg transformation:
Ay cosby sinfw 0O Eu BM
Wi, | = | —sinfw cosbw 0 W, | =Va | W, (10)
X, 0 0 1 X, X,
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Framework of our work

Last transformation will diagonalize the mass matrix

Ay Lo 0\ (A A,
Z, =10 cost sinT W, | =V | Wy (11)
A, 0 —sinT cosT X " X 1

for this angle

tan 27 =
a—2mzspyvgpb
(m% g (b2 — 1) + sec? e[m2 + g2, (v2(cos? B h? + sin® B h2) + vshs)] — absine

a=2mzsmvgp (cos2 Bhi+ sin’ Bha) b = tan esin Oy

(12)
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Framework of our work

Mass terms come from this part of the Lagrangian:

2
%mzquﬂ + (DM¢S)T(DH¢S) + Z(DM¢Z)T(DH¢Z) — 'Cmass (13)
i=1

Arranging the field terms will now give a mass matrix as follows:

0 0 0\ (A
(Ay Z, A) [0 Mz o Z, (14)
0 0 M3/ \4,

£mass =

DN | =
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~ Fmmewokofourwork
Masses of Z and A’

M2 =m?sin® 7sec® € + g5 sin® 7 sec? e(vZ(COSQﬂhf + singﬁhg) + vfhi)
— 2mzsmvgp Sin T sec e(cos2 Bhi + sin® Bh2)(cos T + sin Oy sin T tan €)

2 . . 2
+ mzsa(cos T + sin By sin 7 tan €)

(15)

M35, =m? cos” 7sec® € + gb cos® 7 sec” e(v?(cos® BhT + sin® Bh3) + v2h?2)
+ 2mzsmugp cos T sec e(cos® Bhy + sin® Bha)(sin T — sin Oy cos T tan €)

2 : : 2
+ mzsa(sinT — sin Ow cos T tan €)

(16)
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Framework of our work

Efermion = Z Q/Gzl-mwz (17)

Y =1 +Yr where v, = =5 and Y = S
By cosbfy —cosTsinfy —sinTtane sinfy sinT — cosTtane Ay
Wsp | = | sinfw cos Oy cos T —cos Oy sinT Zy
Xy 0 secesinT COS T sec € Al
(18)

[interaction _ Z wl C” + CA75)1/)1Z +'l/)z (5; +€;L4'75)1/)1A;L (19)
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Framework of our work

Table: Vector and axial couplings of each fermion to A’ boson.

Vv _ e(3sinT—8sin? Oy sin 745 sin Oy cos T tan €) gp (3u+d) cos T sec e
Ey = — 12 sin Oy cos Oy + 4

A __ e(sin T—sin Oy cos T tane€) gp(u—d) cos T sec €
Eu = 4 sin Oy cos Oy + 4

V __ e(3sinT—4sin? Oy sin 7+sin Oy cos T tan €) gp (u+3d) cos T sece
€4 = 12 sin Oy cos Oy + 4

A _ __e(sinT—sinfw cosTtane)  gp(u—d)cosTsece
a4 = 4 sin Oy cos Oy 4

VvV _ e(sinT—4sin? Gy sin 743 sin Oy cos T tan €) gp (7Tu+5d) cos T sec e
€e = 4 sin Oy cos Oy — 4

_ e(sinT—sinOw cos T tan €) gp(u—d) cos T sec €

e = — 4 sin Oy cos Oy B 4

V __ e(sinT—sin Oy cos T tane) gp (bu+7d) cos T sec e
Ey = — 4 sin Oy cos Oy B 4

A __ e(sinT—sinOw cos T tane) gp(u—d) cos T sec €
&y = 4 sin Oy cos Oy + 4
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Experimental constraints

Experimental constraints

Best fit to X particle mass is 17.01(16) MeV and the branching ratios
compared to the y-decay [6]:

Br(®Be" — X + ®Be)

. x Br(X —ete”) =6(1) x 107° 20
Br(®Be* — ~ Be) r( erer) =61 (20)

—0.09 < £,/e, < 0.11. (21)

The ATOMKI bound on electron coupling constant:

€Y > 1.3 x107°/Br(X — ete) (22)
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Experimental constraints

Constraints from other experiments:

NA48[7]:
1.2 x1073
2ey +ed| = lep| S . 23
260+l = Iepl S e (23)
NAG4[8]:
(eV)2 4+ (e24)2 2 3.6 x 107° x /Br(X — ete™). (24)
KLOE [9]:

(eV)2 4 (e4)2 < 6.1 x 1074 /\/Br(X — ete). (25)
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Experimental constraints

SLAC E158 [10]:
e x| S 1078 (26)

€

TEXONOJ[11]:
\]eVel | <7x1075,  for ge) >0
: (27)
\V0eVel | <3 %107, for ge) <0.
Atomic Parity violation[12]:
188 211 _
|8?| @&‘X @8(‘; 5 1.8 x 10 12 . (28)
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Conclusion

Conclusion

Various theoretical frameworks have been proposed to explain this
anomaly. With the long-awaited independent experimental indication of a
17 MeV particle now available, there is renewed excitement and
motivation to further investigate this anomaly.
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