First results from the PADME
Experiment and near-term plans

Andre Frankenthal, Princeton University
On behalf of the PADME Collaboration
UCLA Dark Matter 2023

PRINCETON
& UNIVERSITY IN!N:FN

Istituto Nazionale di Fisica Nucleare



A complex dark sector and the dark photon

* Dark matter could belong to a complex dark sector

* Simple extension of the standard model (SM) is the dark photon (4'):
= A’ is the gauge boson of a new symmetry, U(1)p, similar to photon in SM
" Only dark matter (not SM) is charged under this gauge symmetry

= A “bridge” to the dark sector is permitted via special y-A’ mixing: —eFl/WBW
* This additional term in the Lagrangian creates an EM-A’ coupling:
= Finally, mass is allowed via symmetry breaking: \ ' T EM
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https://www.sciencedirect.com/science/article/pii/0370269386913778

I" production and decay in accelerators
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- Missing-mass technique in fixed-target expts.

e! > A#
m J326+lt  p—
e < Y H3) 19D+l

" " 3054z +1+) 1824

______________ H)3*820A+1+2I
P) G+3AIA85I8? T 6&+%7#8) #9545 |
p)# [ MMiss? for different M,
O 280H - (KUiz+1+)182, 4 ol [ B e
HD+18+, ==

400

300f

! ;$i'## ! #$O/g %$(y03 %$&§ 2oo§

*(&+,-#.#)0121)(#.#3102'(%6&#
I 4)4&(254

300 400 500 600

MMiss® (MeV)

3/30/23 First results from PADME | A. Frankenthal | UCLA DM 2023 4



....... N1 T430<8A+HNI3Y
I NOP0;+8;*+
)8+%378231985

.....

» E ()*II+ ’_$./II_OII*1III)2II3_
R4 | NQPPY"*+R}: 8,91285,

| _/A3,, 2356+ STSPI""+R
| NSQUIE=JWI?(5)4

| G(5)4i+5614INSPPI5,

3/30/23 First results from PADME | A. Frankenthal | UCLA DM 2023 5



!"#$%&'O (*)_|_ - e

23445(6(7"89:93;"<'(=><?(!1@)B .CA,BID/0OAC( e > A*
Y

| P " #Bop %500 %S &

3/30/23 First results from PADME | A. Frankenthal | UCLA DM 2023


https://www.hindawi.com/journals/ahep/2014/959802/

"#$%8&* /+,01()(

E:3FGHF%93#(HY%(3# (IMK(
1/(.CA,/1(0/

=#LSM"MM" (H%(3#,INJIOP(
.CACA1(P,AAAQ

=5"#-.62%/3"-)#0#$56.)2"-". <2$533/5"0#$56.)2"-".

>2>08#)3-)55%$-)3/0@ABOHIPBALBSEXONK ; LIBLIXFE IF04D"."3N6:00R (#.%&-$5&

OLAL:8@5, 12+3AL8IN326+1 CAA+: 13145k 8@5, 12+3AI8IKF] - X

1956++0)2>,13%: UA+5, 85, ISLYIKISLYIKISO) A 1956++0)2>, 13 0A+5, 185, IKOLPIKIOLPHKEY AT A3
=4, )I51*31985HIAHENIOPPIS, OP( +"$+0-)2""0HOQ03&

4"3-.$50&C:$."0D65"0EF*F0<4G0-60":$+"0@."2&&-.$D5;B/ _I1,1?+495 - HA+F] . X¥)+51234, ~ (32+148++

_56(*3212+3) 4SP\Q!A23 - | _56(*3212+3)4taliSPLA23

=3"./%0."&65;-)63'0HOIJK<C.-L=M | F5+26>k2+, 8*(L85INN V! ~21cFd

3/30/23 First results from PADME | A. Frankenthal | UCLA DM 2023 7


https://www.sciencedirect.com/science/article/pii/S0168900218318321
https://iopscience.iop.org/article/10.1088/1748-0221/15/10/T10003
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https://link.springer.com/article/10.1007/JHEP09%282022%29233
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o(e' e - yy(y)) =1.977 £ 0.018 (stat) + 0.045 (syst) + 0.110 (n. collisions) mb
agle' e - yy(y)) = 1.9478 + 0.0005 (stat) + 0.0020 (syst) mb (QED@NLO)
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https://arxiv.org/abs/0801.3360
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.012008
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https://www.quantamagazine.org/new-boson-claim-faces-scrutiny-20160607/
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.104.044003
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.116.042501
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.117.071803
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.106.115036
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