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ADD GKK + g/q 0 e, µ, τ, γ 1 − 4 j Yes 139 n = 2 2102.1087411.2 TeVMD

ADD non-resonant γγ 2 γ − − 36.7 n = 3 HLZ NLO 1707.041478.6 TeVMS

ADD QBH − 2 j − 139 n = 6 1910.084479.4 TeVMth

ADD BH multijet − ≥3 j − 3.6 n = 6, MD = 3 TeV, rot BH 1512.025869.55 TeVMth

RS1 GKK → γγ 2 γ − − 139 k/MPl = 0.1 2102.134054.5 TeVGKK mass

Bulk RS GKK →WW /ZZ multi-channel 36.1 k/MPl = 1.0 1808.023802.3 TeVGKK mass

Bulk RS gKK → tt 1 e, µ ≥1 b, ≥1J/2j Yes 36.1 Γ/m = 15% 1804.108233.8 TeVgKK mass

2UED / RPP 1 e, µ ≥2 b, ≥3 j Yes 36.1 Tier (1,1), B(A(1,1) → tt) = 1 1803.096781.8 TeVKK mass

SSM Z ′ → ℓℓ 2 e, µ − − 139 1903.062485.1 TeVZ′ mass

SSM Z ′ → ττ 2 τ − − 36.1 1709.072422.42 TeVZ′ mass

Leptophobic Z ′ → bb − 2 b − 36.1 1805.092992.1 TeVZ′ mass

Leptophobic Z ′ → tt 0 e, µ ≥1 b, ≥2 J Yes 139 Γ/m = 1.2% 2005.051384.1 TeVZ′ mass

SSM W ′ → ℓν 1 e, µ − Yes 139 1906.056096.0 TeVW′ mass

SSM W ′ → τν 1 τ − Yes 139 ATLAS-CONF-2021-0255.0 TeVW′ mass

SSM W ′ → tb − ≥1 b, ≥1 J − 139 ATLAS-CONF-2021-0434.4 TeVW′ mass

HVT W ′ →WZ model B 0-2 e, µ 2 j / 1 J Yes 139 gV = 3 2004.146364.3 TeVW′ mass

HVT W ′ →WZ → ℓν ℓ′ℓ′ model C 3 e, µ 2 j (VBF) Yes 139 gV cH = 1, gf = 0 2207.03925340 GeVW′ mass

HVT Z ′ →WW model B 1 e, µ 2 j / 1 J Yes 139 gV = 3 2004.146363.9 TeVZ′ mass
LRSM WR → µNR 2 µ 1 J − 80 m(NR) = 0.5 TeV, gL = gR 1904.126795.0 TeVWR mass

CI qqqq − 2 j − 37.0 η−LL 1703.0912721.8 TeVΛ
CI ℓℓqq 2 e, µ − − 139 η−LL 2006.1294635.8 TeVΛ
CI eebs 2 e 1 b − 139 g∗ = 1 2105.138471.8 TeVΛ
CI µµbs 2 µ 1 b − 139 g∗ = 1 2105.138472.0 TeVΛ
CI tttt ≥1 e,µ ≥1 b, ≥1 j Yes 36.1 |C4t | = 4π 1811.023052.57 TeVΛ

Axial-vector med. (Dirac DM) − 2 j − 139 gq=0.25, gχ=1, m(χ)=10 TeV ATL-PHYS-PUB-2022-0363.8 TeVmmed

Pseudo-scalar med. (Dirac DM) 0 e,µ, τ, γ 1 − 4 j Yes 139 gq=1, gχ=1, m(χ)=1 GeV 2102.10874376 GeVmmed

Vector med. Z ′-2HDM (Dirac DM) 0 e, µ 2 b Yes 139 tan β=1, gZ =0.8, m(χ)=100 GeV 2108.133913.0 TeVmZ′

Pseudo-scalar med. 2HDM+a multi-channel 139 tan β=1, gχ=1, m(χ)=10 GeV ATLAS-CONF-2021-036800 GeVma

Scalar LQ 1st gen 2 e ≥2 j Yes 139 β = 1 2006.058721.8 TeVLQ mass

Scalar LQ 2nd gen 2 µ ≥2 j Yes 139 β = 1 2006.058721.7 TeVLQ mass

Scalar LQ 3rd gen 1 τ 2 b Yes 139 B(LQu
3 → bτ) = 1 2303.012941.49 TeVLQu

3
mass

Scalar LQ 3rd gen 0 e, µ ≥2 j, ≥2 b Yes 139 B(LQu
3 → tν) = 1 2004.140601.24 TeVLQu

3
mass

Scalar LQ 3rd gen ≥2 e, µ, ≥1 τ ≥1 j, ≥1 b − 139 B(LQd
3 → tτ) = 1 2101.115821.43 TeVLQd

3
mass

Scalar LQ 3rd gen 0 e, µ, ≥1 τ 0 − 2 j, 2 b Yes 139 B(LQd
3 → bν) = 1 2101.125271.26 TeVLQd

3
mass

Vector LQ mix gen multi-channel ≥1 j, ≥1 b Yes 139 B(Ũ1 → tµ) = 1, Y-M coupl. ATLAS-CONF-2022-0522.0 TeVLQV
3

mass

Vector LQ 3rd gen 2 e,µ, τ ≥1 b Yes 139 B(LQV
3 → bτ) = 1, Y-M coupl. 2303.012941.96 TeVLQV

3
mass

VLQ TT → Zt + X 2e/2µ/≥3e,µ ≥1 b, ≥1 j − 139 SU(2) doublet 2210.154131.46 TeVT mass

VLQ BB →Wt/Zb + X multi-channel 36.1 SU(2) doublet 1808.023431.34 TeVB mass
VLQ T5/3T5/3 |T5/3 →Wt + X 2(SS)/≥3 e,µ ≥1 b, ≥1 j Yes 36.1 B(T5/3 →Wt)= 1, c(T5/3Wt)= 1 1807.118831.64 TeVT5/3 mass

VLQ T → Ht/Zt 1 e, µ ≥1 b, ≥3 j Yes 139 SU(2) singlet, κT = 0.5 ATLAS-CONF-2021-0401.8 TeVT mass

VLQ Y →Wb 1 e, µ ≥1 b, ≥1 j Yes 36.1 B(Y →Wb)= 1, cR (Wb)= 1 1812.073431.85 TeVY mass

VLQ B → Hb 0 e,µ ≥2b, ≥1j, ≥1J − 139 SU(2) doublet, κB= 0.3 ATLAS-CONF-2021-0182.0 TeVB mass

VLL τ′ → Zτ/Hτ multi-channel ≥1 j Yes 139 SU(2) doublet 2303.05441898 GeVτ′ mass

Excited quark q∗ → qg − 2 j − 139 only u∗ and d∗, Λ = m(q∗) 1910.084476.7 TeVq∗ mass

Excited quark q∗ → qγ 1 γ 1 j − 36.7 only u∗ and d∗, Λ = m(q∗) 1709.104405.3 TeVq∗ mass

Excited quark b∗ → bg − 1 b, 1 j − 139 1910.084473.2 TeVb∗ mass
Excited lepton τ∗ 2 τ ≥2 j − 139 Λ = 4.6 TeV 2303.094444.6 TeVτ∗ mass

Type III Seesaw 2,3,4 e, µ ≥2 j Yes 139 2202.02039910 GeVN0 mass
LRSM Majorana ν 2 µ 2 j − 36.1 m(WR ) = 4.1 TeV, gL = gR 1809.111053.2 TeVNR mass

Higgs triplet H±± →W ±W ± 2,3,4 e,µ (SS) various Yes 139 DY production 2101.11961350 GeVH±± mass
Higgs triplet H±± → ℓℓ 2,3,4 e,µ (SS) − − 139 DY production 2211.075051.08 TeVH±± mass
Multi-charged particles − − − 139 DY production, |q| = 5e ATLAS-CONF-2022-0341.59 TeVmulti-charged particle mass

Magnetic monopoles − − − 34.4 DY production, |g | = 1gD , spin 1/2 1905.101302.37 TeVmonopole mass

Mass scale [TeV]10−1 1 10

√
s = 13 TeV

partial data

√
s = 13 TeV
full data

ATLAS Heavy Particle Searches* - 95% CL Upper Exclusion Limits
Status: March 2023

ATLAS Preliminary∫
L dt = (3.6 – 139) fb−1

√
s = 13 TeV

*Only a selection of the available mass limits on new states or phenomena is shown.

†Small-radius (large-radius) jets are denoted by the letter j (J).

Where is the Physics Beyond the SM?

new particles are too heavy? 
too light? OR/AND couplings are too small?
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SMDS (?)
U(1)yU(1)’

messenger: vector-boson “dark photon portal”

Light particles? dark photon ? axion (axion-like) ?
Tiny interactions? portals ?

Dark Sector

Fabbrichesi, Gabrielli, Lanfranchi, 2005.01515

L = LSM + LDS � 
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~ 5 σ

M. Pospelov, PRD 80 (2009) 095002
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�0

<latexit sha1_base64="q2ANUip20TM7zi0jxOCR5d7hNzM=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKxBwDXjxGMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7CxubW9U9wt7e0fHB6Vj0/aRqWa0BZRXOluBIZyJmnLMstpN9EURMRpJ5rczv3OE9WGKflgpwkNBYwkixkB66R2fwRCwKBc8av+AnidBDmpoBzNQfmrP1QkFVRawsGYXuAnNsxAW0Y4nZX6qaEJkAmMaM9RCYKaMFtcO8MXThniWGlX0uKF+nsiA2HMVESuU4Adm1VvLv7n9VIb18OMySS1VJLlojjl2Co8fx0PmabE8qkjQDRzt2IyBg3EuoBKLoRg9eV10r6qBrVq7f660qjncRTRGTpHlyhAN6iB7lATtRBBj+gZvaI3T3kv3rv3sWwtePnMKfoD7/MHh3uPFg==</latexit>�

<latexit sha1_base64="g2mh8tcYpU6zL+lh6PtabiB8De8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbRU0lEao8FLx4r2A9oQ5lsN+3S3STsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUUdaisYhVN0DNBI9Yy3AjWDdRDGUgWCeY3M39zhNTmsfRo5kmzJc4injIKRordfojlBIvB+WKW3UXIOvEy0kFcjQH5a/+MKapZJGhArXueW5i/AyV4VSwWamfapYgneCI9SyNUDLtZ4tzZ+TCKkMSxspWZMhC/T2RodR6KgPbKdGM9ao3F//zeqkJ637GoyQ1LKLLRWEqiInJ/Hcy5IpRI6aWIFXc3kroGBVSYxMq2RC81ZfXSfu66tWqtYebSqOex1GEMziHK/DgFhpwD01oAYUJPMMrvDmJ8+K8Ox/L1oKTz5zCHzifP+nkj0c=</latexit>

�0

<latexit sha1_base64="q2ANUip20TM7zi0jxOCR5d7hNzM=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKxBwDXjxGMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7CxubW9U9wt7e0fHB6Vj0/aRqWa0BZRXOluBIZyJmnLMstpN9EURMRpJ5rczv3OE9WGKflgpwkNBYwkixkB66R2fwRCwKBc8av+AnidBDmpoBzNQfmrP1QkFVRawsGYXuAnNsxAW0Y4nZX6qaEJkAmMaM9RCYKaMFtcO8MXThniWGlX0uKF+nsiA2HMVESuU4Adm1VvLv7n9VIb18OMySS1VJLlojjl2Co8fx0PmabE8qkjQDRzt2IyBg3EuoBKLoRg9eV10r6qBrVq7f660qjncRTRGTpHlyhAN6iB7lATtRBBj+gZvaI3T3kv3rv3sWwtePnMKfoD7/MHh3uPFg==</latexit>�



Dark photon search

Visible decays:  Fabbrichesi, Gabrielli, Lanfranchi, 2005.01515✏eJµA
0µ

<latexit sha1_base64="QDz4D66sprFlZ+O2b0VyiSJMHp4=">AAACAHicbVC7TsMwFHV4lvIKMDCwWFQIpiopSHQsYkFMRaIPqQmR4960Vh0nsh2kqurCr7AwgBArn8HG3+C2GaDlSFf36Jx7Zd8Tppwp7Tjf1tLyyuraemGjuLm1vbNr7+03VZJJCg2a8ES2Q6KAMwENzTSHdiqBxCGHVji4nvitR5CKJeJeD1PwY9ITLGKUaCMF9qEHqWI8ERjwbeDFGb46fTAtsEtO2ZkCLxI3JyWUox7YX143oVkMQlNOlOq4Tqr9EZGaUQ7jopcpSAkdkB50DBUkBuWPpgeM8YlRujhKpCmh8VT9vTEisVLDODSTMdF9Ne9NxP+8Tqajqj9iIs00CDp7KMo41gmepIG7TALVfGgIoZKZv2LaJ5JQbTIrmhDc+ZMXSbNSds/LlbuLUq2ax1FAR+gYnSEXXaIaukF11EAUjdEzekVv1pP1Yr1bH7PRJSvfOUB/YH3+AFomlZE=</latexit>

<latexit sha1_base64="g2mh8tcYpU6zL+lh6PtabiB8De8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbRU0lEao8FLx4r2A9oQ5lsN+3S3STsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUUdaisYhVN0DNBI9Yy3AjWDdRDGUgWCeY3M39zhNTmsfRo5kmzJc4injIKRordfojlBIvB+WKW3UXIOvEy0kFcjQH5a/+MKapZJGhArXueW5i/AyV4VSwWamfapYgneCI9SyNUDLtZ4tzZ+TCKkMSxspWZMhC/T2RodR6KgPbKdGM9ao3F//zeqkJ637GoyQ1LKLLRWEqiInJ/Hcy5IpRI6aWIFXc3kroGBVSYxMq2RC81ZfXSfu66tWqtYebSqOex1GEMziHK/DgFhpwD01oAYUJPMMrvDmJ8+K8Ox/L1oKTz5zCHzifP+nkj0c=</latexit>

�0<latexit sha1_base64="g2mh8tcYpU6zL+lh6PtabiB8De8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbRU0lEao8FLx4r2A9oQ5lsN+3S3STsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUUdaisYhVN0DNBI9Yy3AjWDdRDGUgWCeY3M39zhNTmsfRo5kmzJc4injIKRordfojlBIvB+WKW3UXIOvEy0kFcjQH5a/+MKapZJGhArXueW5i/AyV4VSwWamfapYgneCI9SyNUDLtZ4tzZ+TCKkMSxspWZMhC/T2RodR6KgPbKdGM9ao3F//zeqkJ637GoyQ1LKLLRWEqiInJ/Hcy5IpRI6aWIFXc3kroGBVSYxMq2RC81ZfXSfu66tWqtYebSqOex1GEMziHK/DgFhpwD01oAYUJPMMrvDmJ8+K8Ox/L1oKTz5zCHzifP+nkj0c=</latexit>

�0



Dark photon constraints

Stringent constraints for light dark photon with mass lighter than 1 MeV 

<latexit sha1_base64="Q88ZPkpQBRy8LBLgXiljZsp6IfI=">AAACA3icdVBNS8NAEN34bf2KetPLYhG8WJKoab0JXjwq2A9oYtlsp3Vxswm7G6GEghf/ihcPinj1T3jz37hpK6jog4HHezPMzItSzpR2nA9ranpmdm5+YbG0tLyyumavbzRUkkkKdZrwRLYiooAzAXXNNIdWKoHEEYdmdHNa+M1bkIol4lIPUghj0hesxyjRRurYWwGkivFE4ICDUorF2HWu8n3XH3bsslM5rvnekYediuNUvQO/IF710DvArlEKlNEE5x37PegmNItBaMqJUm3XSXWYE6kZ5TAsBZmClNAb0oe2oYLEoMJ89MMQ7xqli3uJNCU0HqnfJ3ISKzWII9MZE32tfnuF+JfXznSvFuZMpJkGQceLehnHOsFFILjLJFDNB4YQKpm5FdNrIgnVJraSCeHrU/w/aXgV16/4F4flk9okjgW0jXbQHnJRFZ2gM3SO6oiiO/SAntCzdW89Wi/W67h1yprMbKIfsN4+ASailzE=</latexit>

✏ . 10�16
<latexit sha1_base64="Fqt1Tdubx2jN9SSVQkDH/Vm54vk=">AAAB73icdVDLSgMxFM3UV62vqks3wSK4cchM67TuCm5cVrAPaMeSSdM2NJMZk4xQhv6EGxeKuPV33Pk3ZtoKKnrgwuGce7n3niDmTGmEPqzcyura+kZ+s7C1vbO7V9w/aKkokYQ2ScQj2QmwopwJ2tRMc9qJJcVhwGk7mFxmfvueSsUicaOnMfVDPBJsyAjWRuo46DY9c8qzfrGE7Iua5567ENkIVd2ylxG3WnHL0DFKhhJYotEvvvcGEUlCKjThWKmug2Ltp1hqRjidFXqJojEmEzyiXUMFDqny0/m9M3hilAEcRtKU0HCufp9IcajUNAxMZ4j1WP32MvEvr5voYc1PmYgTTQVZLBomHOoIZs/DAZOUaD41BBPJzK2QjLHERJuICiaEr0/h/6Tl2o5ne9eVUr22jCMPjsAxOAUOqII6uAIN0AQEcPAAnsCzdWc9Wi/W66I1Zy1nDsEPWG+fEviPVw==</latexit>

10�13
<latexit sha1_base64="t7dH/zd8qiJqwdtBrsiT1Ozp07Q=">AAAB+XicdVDLSsNAFJ3UV62vqEs3g0Vw05CkbVp3BTcuK9gHtLFMptN26EwSZiaFEvonblwo4tY/ceffOGkrqOiBC4dz7uXee4KYUals+8PIbWxube/kdwt7+weHR+bxSVtGicCkhSMWiW6AJGE0JC1FFSPdWBDEA0Y6wfQ68zszIiSNwjs1j4nP0TikI4qR0tLANB37Pi05lb6kHJac6mJgFm3rqu65VRfalm3X3LKXEbdWccvQ0UqGIlijOTDf+8MIJ5yECjMkZc+xY+WnSCiKGVkU+okkMcJTNCY9TUPEifTT5eULeKGVIRxFQleo4FL9PpEiLuWcB7qTIzWRv71M/MvrJWpU91MaxokiIV4tGiUMqghmMcAhFQQrNtcEYUH1rRBPkEBY6bAKOoSvT+H/pO1ajmd5t5Vio76OIw/OwDm4BA6ogQa4AU3QAhjMwAN4As9GajwaL8brqjVnrGdOwQ8Yb59cXpIx</latexit>

10�14⇠�15
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Ilten, Soreq, Williams, Xue, 1801.04847
Dark photon constraints

“heavy” dark photon: Stringent constraints for 

<latexit sha1_base64="wrwyL8pDbJ6+uLd8I7t1B6B295E=">AAAB83icdVBNS8NAEN3Ur1q/qh69LBbBiyFJa1pvBS8eK9hWaGLZbLft0t1N2N0IJfRvePGgiFf/jDf/jZu2goo+GHi8N8PMvChhVGnH+bAKK6tr6xvFzdLW9s7uXnn/oKPiVGLSxjGL5W2EFGFUkLammpHbRBLEI0a60eQy97v3RCoaixs9TUjI0UjQIcVIGykIFOXQde6ys+qsX6449kXD98496NiOU/eqfk68es2rQtcoOSpgiVa//B4MYpxyIjRmSKme6yQ6zJDUFDMyKwWpIgnCEzQiPUMF4kSF2fzmGTwxygAOY2lKaDhXv09kiCs15ZHp5EiP1W8vF//yeqkeNsKMiiTVRODFomHKoI5hHgAcUEmwZlNDEJbU3ArxGEmEtYmpZEL4+hT+Tzqe7fq2f12rNBvLOIrgCByDU+CCOmiCK9ACbYBBAh7AE3i2UuvRerFeF60FazlzCH7AevsEGeuREw==</latexit>

⇠ 10�3

<latexit sha1_base64="Xq8QqCe+E8rPEa5U5Vy3zDKbH7U="></latexit>

m�0 . 1 GeV



Dark photon search

BaBar

` = e, µ
<latexit sha1_base64="QtIgELhvxN6efKUe/Nakf3fnkcM=">AAAB9HicbVBNSwMxEM36WetX1aOXYBE8SNmtgr0IBS8eK9gP6C4lm862oUl2TbKFsvR3ePGgiFd/jDf/jWm7B219MPB4b4aZeWHCmTau++2srW9sbm0Xdoq7e/sHh6Wj45aOU0WhSWMeq05INHAmoWmY4dBJFBARcmiHo7uZ3x6D0iyWj2aSQCDIQLKIUWKsFPjAOb7FcIl9kfZKZbfizoFXiZeTMsrR6JW+/H5MUwHSUE607npuYoKMKMMoh2nRTzUkhI7IALqWSiJAB9n86Ck+t0ofR7GyJQ2eq78nMiK0nojQdgpihnrZm4n/ed3URLUgYzJJDUi6WBSlHJsYzxLAfaaAGj6xhFDF7K2YDoki1NicijYEb/nlVdKqVryrSvXhulyv5XEU0Ck6QxfIQzeoju5RAzURRU/oGb2iN2fsvDjvzseidc3JZ07QHzifPxopkPs=</latexit>

m:0.02 GeV ~ 10.2 GeV

NA48/2

m: 9 MeV ~ 70 MeV

kaonsproton
target

⇡0
<latexit sha1_base64="fgQI0kEwus6QV50kewNeuwFE/eI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqYI8FLx4rmLbQxrLZTtqlm03Y3Qil9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSq4Nq777RQ2Nre2d4q7pb39g8Oj8vFJSyeZYuizRCSqE1KNgkv0DTcCO6lCGocC2+H4du63n1BpnsgHM0kxiOlQ8ogzaqzk91L+6PbLFbfqLkDWiZeTCuRo9stfvUHCshilYYJq3fXc1ARTqgxnAmelXqYxpWxMh9i1VNIYdTBdHDsjF1YZkChRtqQhC/X3xJTGWk/i0HbG1Iz0qjcX//O6mYnqwZTLNDMo2XJRlAliEjL/nAy4QmbExBLKFLe3EjaiijJj8ynZELzVl9dJq1b1rqq1++tKo57HUYQzOIdL8OAGGnAHTfCBAYdneIU3RzovzrvzsWwtOPnMKfyB8/kDceqOaQ==</latexit>

�0
<latexit sha1_base64="KhNlAECiRqVtkGXkGvp67xPpA18=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69BIvoqSRVsMeCF48V7Ae0oUy2m3bp7ibsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8MOFMG8/7dgobm1vbO8Xd0t7+weFR+fikreNUEdoiMY9VN0RNOZO0ZZjhtJsoiiLktBNO7uZ+54kqzWL5aKYJDQSOJIsYQWOlTn+EQuDloFzxqt4C7jrxc1KBHM1B+as/jEkqqDSEo9Y930tMkKEyjHA6K/VTTRMkExzRnqUSBdVBtjh35l5YZehGsbIljbtQf09kKLSeitB2CjRjverNxf+8XmqiepAxmaSGSrJcFKXcNbE7/90dMkWJ4VNLkChmb3XJGBUSYxMq2RD81ZfXSbtW9a+rtYebSqOex1GEMziHK/DhFhpwD01oAYEJPMMrvDmJ8+K8Ox/L1oKTz5zCHzifP+egj0A=</latexit>

�
<latexit sha1_base64="2aEyG851s19MlDfKIBdgoxxBiA8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexGwRwDXjxGMA9IljA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7CxubW9U9wt7e0fHB6Vj0/aRqWa0BZRXOluhA3lTNKWZZbTbqIpFhGnnWhyO/c7T1QbpuSDnSY0FHgkWcwItk5q90dYCDwoV/yqvwBaJ0FOKpCjOSh/9YeKpIJKSzg2phf4iQ0zrC0jnM5K/dTQBJMJHtGeoxILasJsce0MXThliGKlXUmLFurviQwLY6Yicp0C27FZ9ebif14vtXE9zJhMUkslWS6KU46sQvPX0ZBpSiyfOoKJZu5WRMZYY2JdQCUXQrD68jpp16rBVbV2f11p1PM4inAG53AJAdxAA+6gCS0g8AjP8ApvnvJevHfvY9la8PKZU/gD7/MHhTePDw==</latexit>

�
<latexit sha1_base64="2aEyG851s19MlDfKIBdgoxxBiA8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexGwRwDXjxGMA9IljA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7CxubW9U9wt7e0fHB6Vj0/aRqWa0BZRXOluhA3lTNKWZZbTbqIpFhGnnWhyO/c7T1QbpuSDnSY0FHgkWcwItk5q90dYCDwoV/yqvwBaJ0FOKpCjOSh/9YeKpIJKSzg2phf4iQ0zrC0jnM5K/dTQBJMJHtGeoxILasJsce0MXThliGKlXUmLFurviQwLY6Yicp0C27FZ9ebif14vtXE9zJhMUkslWS6KU46sQvPX0ZBpSiyfOoKJZu5WRMZYY2JdQCUXQrD68jpp16rBVbV2f11p1PM4inAG53AJAdxAA+6gCS0g8AjP8ApvnvJevHfvY9la8PKZU/gD7/MHhTePDw==</latexit>

�0
<latexit sha1_base64="KhNlAECiRqVtkGXkGvp67xPpA18=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69BIvoqSRVsMeCF48V7Ae0oUy2m3bp7ibsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8MOFMG8/7dgobm1vbO8Xd0t7+weFR+fikreNUEdoiMY9VN0RNOZO0ZZjhtJsoiiLktBNO7uZ+54kqzWL5aKYJDQSOJIsYQWOlTn+EQuDloFzxqt4C7jrxc1KBHM1B+as/jEkqqDSEo9Y930tMkKEyjHA6K/VTTRMkExzRnqUSBdVBtjh35l5YZehGsbIljbtQf09kKLSeitB2CjRjverNxf+8XmqiepAxmaSGSrJcFKXcNbE7/90dMkWJ4VNLkChmb3XJGBUSYxMq2RD81ZfXSbtW9a+rtYebSqOex1GEMziHK/DhFhpwD01oAYEJPMMrvDmJ8+K8Ox/L1oKTz5zCHzifP+egj0A=</latexit>

e�
<latexit sha1_base64="W6QGXPkk/uJ4QB2YLsT+ED0YQ28=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgxbAbBXMMePEY0TwgWcPspDcZMju7zMwKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YRK81g+mHGCfkQHkoecUWOle3y86BVLbtmdg6wSLyMlyFDvFb+6/ZilEUrDBNW647mJ8SdUGc4ETgvdVGNC2YgOsGOppBFqfzI/dUrOrNInYaxsSUPm6u+JCY20HkeB7YyoGeplbyb+53VSE1b9CZdJalCyxaIwFcTEZPY36XOFzIixJZQpbm8lbEgVZcamU7AheMsvr5Jmpexdlit3V6VaNYsjDydwCufgwTXU4Bbq0AAGA3iGV3hzhPPivDsfi9ack80cwx84nz/lZo2C</latexit>

e+
<latexit sha1_base64="KwQ5EeUA1kah2lxL8LaN10Cv2jE=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMgCGE3CuYY8OIxonlAsobZSW8yZHZ2mZkVQsgnePGgiFe/yJt/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbmZ+6wmV5rF8MOME/YgOJA85o8ZK9/h40SuW3LI7B1klXkZKkKHeK351+zFLI5SGCap1x3MT40+oMpwJnBa6qcaEshEdYMdSSSPU/mR+6pScWaVPwljZkobM1d8TExppPY4C2xlRM9TL3kz8z+ukJqz6Ey6T1KBki0VhKoiJyexv0ucKmRFjSyhT3N5K2JAqyoxNp2BD8JZfXiXNStm7LFfurkq1ahZHHk7gFM7Bg2uowS3UoQEMBvAMr/DmCOfFeXc+Fq05J5s5hj9wPn8A4l6NgA==</latexit>

`+
<latexit sha1_base64="OcvehTDYPSnQltpXIsWN/RAuukQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoMgCGE3CuYY8OIxgnlAsobZSW8yZnZmmZkVQsg/ePGgiFf/x5t/4yTZgyYWNBRV3XR3hQln2njet5NbW9/Y3MpvF3Z29/YPiodHTS1TRbFBJZeqHRKNnAlsGGY4thOFJA45tsLRzcxvPaHSTIp7M04wiMlAsIhRYqzU7CLnDxe9Yskre3O4q8TPSAky1HvFr25f0jRGYSgnWnd8LzHBhCjDKMdpoZtqTAgdkQF2LBUkRh1M5tdO3TOr9N1IKlvCuHP198SExFqP49B2xsQM9bI3E//zOqmJqsGEiSQ1KOhiUZRy10h39rrbZwqp4WNLCFXM3urSIVGEGhtQwYbgL7+8SpqVsn9ZrtxdlWrVLI48nMApnIMP11CDW6hDAyg8wjO8wpsjnRfn3flYtOacbOYY/sD5/AEoy47S</latexit>

`�
<latexit sha1_base64="z0Uevd/WCSL/rn98dOCYJfDnToM=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgxbAbBXMMePEYwTwgWcPspDcZMzuzzMwKIeQfvHhQxKv/482/cZLsQRMLGoqqbrq7woQzbTzv28mtrW9sbuW3Czu7e/sHxcOjppapotigkkvVDolGzgQ2DDMc24lCEoccW+HoZua3nlBpJsW9GScYxGQgWMQoMVZqdpHzh4teseSVvTncVeJnpAQZ6r3iV7cvaRqjMJQTrTu+l5hgQpRhlOO00E01JoSOyAA7lgoSow4m82un7plV+m4klS1h3Ln6e2JCYq3HcWg7Y2KGetmbif95ndRE1WDCRJIaFHSxKEq5a6Q7e93tM4XU8LElhCpmb3XpkChCjQ2oYEPwl19eJc1K2b8sV+6uSrVqFkceTuAUzsGHa6jBLdShARQe4Rle4c2Rzovz7nwsWnNONnMMf+B8/gAr047U</latexit>

514 fb-1

⇠ 1.69⇥ 107 ⇡0
<latexit sha1_base64="aXpHSkyDOX/cdGKaTCSpQ68yr0k=">AAACA3icbVDLSgMxFM3UV62vUXe6CRbB1TBTxdZdwY3LCvYBnWnJpGkbmmSGJCOUoeLGX3HjQhG3/oQ7/8a0nYW2HrhwOOde7r0njBlV2nW/rdzK6tr6Rn6zsLW9s7tn7x80VJRITOo4YpFshUgRRgWpa6oZacWSIB4y0gxH11O/eU+kopG40+OYBBwNBO1TjLSRuvaRryiHnnN55WvKiYKe2yk/+DHtuF276DruDHCZeBkpggy1rv3l9yKccCI0ZkiptufGOkiR1BQzMin4iSIxwiM0IG1DBTL7gnT2wwSeGqUH+5E0JTScqb8nUsSVGvPQdHKkh2rRm4r/ee1E9ytBSkWcaCLwfFE/YVBHcBoI7FFJsGZjQxCW1NwK8RBJhLWJrWBC8BZfXiaNkuOdO6Xbi2K1ksWRB8fgBJwBD5RBFdyAGqgDDB7BM3gFb9aT9WK9Wx/z1pyVzRyCP7A+fwBrKZYR</latexit>

�(e+e� ! ��0)⇥ Br(�0 ! `+`�)
<latexit sha1_base64="v5ZIRf0dqOHWkIpuCrxA6lNHr3Y="></latexit>



Dark photon search

A1

40 MeV ~ 300 MeV

KLOE

5 MeV~987 MeV

⇡+
<latexit sha1_base64="Ity8gSmU4/OU1FBCQpcN4dY9NEE=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBZBEEpSBXssePFYwdRCG8tmO2mXbjZhdyOU0t/gxYMiXv1B3vw3btsctPXBwOO9GWbmhang2rjut1NYW9/Y3Cpul3Z29/YPyodHLZ1kiqHPEpGodkg1Ci7RN9wIbKcKaRwKfAhHNzP/4QmV5om8N+MUg5gOJI84o8ZKfjfljxe9csWtunOQVeLlpAI5mr3yV7efsCxGaZigWnc8NzXBhCrDmcBpqZtpTCkb0QF2LJU0Rh1M5sdOyZlV+iRKlC1pyFz9PTGhsdbjOLSdMTVDvezNxP+8TmaiejDhMs0MSrZYFGWCmITMPid9rpAZMbaEMsXtrYQNqaLM2HxKNgRv+eVV0qpVvctq7e6q0qjncRThBE7hHDy4hgbcQhN8YMDhGV7hzZHOi/PufCxaC04+cwx/4Hz+AGpWjmQ=</latexit>

⇡�
<latexit sha1_base64="g0pAyocMCUBweTqeAe3doBA94FU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBiyWpgj0WvHisYGqhjWWznbRLN5uwuxFK6W/w4kERr/4gb/4bt20O2vpg4PHeDDPzwlRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlk4yxdBniUhUO6QaBZfoG24EtlOFNA4FPoSjm5n/8IRK80Tem3GKQUwHkkecUWMlv5vyx4teueJW3TnIKvFyUoEczV75q9tPWBajNExQrTuem5pgQpXhTOC01M00ppSN6AA7lkoaow4m82On5MwqfRIlypY0ZK7+npjQWOtxHNrOmJqhXvZm4n9eJzNRPZhwmWYGJVssijJBTEJmn5M+V8iMGFtCmeL2VsKGVFFmbD4lG4K3/PIqadWq3mW1dndVadTzOIpwAqdwDh5cQwNuoQk+MODwDK/w5kjnxXl3PhatBSefOYY/cD5/AG1ejmY=</latexit>

e�
<latexit sha1_base64="W6QGXPkk/uJ4QB2YLsT+ED0YQ28=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgxbAbBXMMePEY0TwgWcPspDcZMju7zMwKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YRK81g+mHGCfkQHkoecUWOle3y86BVLbtmdg6wSLyMlyFDvFb+6/ZilEUrDBNW647mJ8SdUGc4ETgvdVGNC2YgOsGOppBFqfzI/dUrOrNInYaxsSUPm6u+JCY20HkeB7YyoGeplbyb+53VSE1b9CZdJalCyxaIwFcTEZPY36XOFzIixJZQpbm8lbEgVZcamU7AheMsvr5Jmpexdlit3V6VaNYsjDydwCufgwTXU4Bbq0AAGA3iGV3hzhPPivDsfi9ack80cwx84nz/lZo2C</latexit> e�

<latexit sha1_base64="W6QGXPkk/uJ4QB2YLsT+ED0YQ28=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgxbAbBXMMePEY0TwgWcPspDcZMju7zMwKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YRK81g+mHGCfkQHkoecUWOle3y86BVLbtmdg6wSLyMlyFDvFb+6/ZilEUrDBNW647mJ8SdUGc4ETgvdVGNC2YgOsGOppBFqfzI/dUrOrNInYaxsSUPm6u+JCY20HkeB7YyoGeplbyb+53VSE1b9CZdJalCyxaIwFcTEZPY36XOFzIixJZQpbm8lbEgVZcamU7AheMsvr5Jmpexdlit3V6VaNYsjDydwCufgwTXU4Bbq0AAGA3iGV3hzhPPivDsfi9ack80cwx84nz/lZo2C</latexit>

�0
<latexit sha1_base64="KhNlAECiRqVtkGXkGvp67xPpA18=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69BIvoqSRVsMeCF48V7Ae0oUy2m3bp7ibsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8MOFMG8/7dgobm1vbO8Xd0t7+weFR+fikreNUEdoiMY9VN0RNOZO0ZZjhtJsoiiLktBNO7uZ+54kqzWL5aKYJDQSOJIsYQWOlTn+EQuDloFzxqt4C7jrxc1KBHM1B+as/jEkqqDSEo9Y930tMkKEyjHA6K/VTTRMkExzRnqUSBdVBtjh35l5YZehGsbIljbtQf09kKLSeitB2CjRjverNxf+8XmqiepAxmaSGSrJcFKXcNbE7/90dMkWJ4VNLkChmb3XJGBUSYxMq2RD81ZfXSbtW9a+rtYebSqOex1GEMziHK/DhFhpwD01oAYEJPMMrvDmJ8+K8Ox/L1oKTz5zCHzifP+egj0A=</latexit>

e+
<latexit sha1_base64="KwQ5EeUA1kah2lxL8LaN10Cv2jE=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMgCGE3CuYY8OIxonlAsobZSW8yZHZ2mZkVQsgnePGgiFe/yJt/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbmZ+6wmV5rF8MOME/YgOJA85o8ZK9/h40SuW3LI7B1klXkZKkKHeK351+zFLI5SGCap1x3MT40+oMpwJnBa6qcaEshEdYMdSSSPU/mR+6pScWaVPwljZkobM1d8TExppPY4C2xlRM9TL3kz8z+ukJqz6Ey6T1KBki0VhKoiJyexv0ucKmRFjSyhT3N5K2JAqyoxNp2BD8JZfXiXNStm7LFfurkq1ahZHHk7gFM7Bg2uowS3UoQEMBvAMr/DmCOfFeXc+Fq05J5s5hj9wPn8A4l6NgA==</latexit>

e�
<latexit sha1_base64="W6QGXPkk/uJ4QB2YLsT+ED0YQ28=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgxbAbBXMMePEY0TwgWcPspDcZMju7zMwKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YRK81g+mHGCfkQHkoecUWOle3y86BVLbtmdg6wSLyMlyFDvFb+6/ZilEUrDBNW647mJ8SdUGc4ETgvdVGNC2YgOsGOppBFqfzI/dUrOrNInYaxsSUPm6u+JCY20HkeB7YyoGeplbyb+53VSE1b9CZdJalCyxaIwFcTEZPY36XOFzIixJZQpbm8lbEgVZcamU7AheMsvr5Jmpexdlit3V6VaNYsjDydwCufgwTXU4Bbq0AAGA3iGV3hzhPPivDsfi9ack80cwx84nz/lZo2C</latexit>



Dark photon search

ν-Cal, CHARM, NOMAD, PS191

N / NPOT ⇥ �(�0X)⇥ w
<latexit sha1_base64="/WvXUpTC3YOo/9KnKzLeBOyAl+g=">AAACGnicbVDLSgNBEJz1GeMr6tHLYBDjJexGwRwDXjzFCHlBdll6J5NkyMzuMjOrhCXf4cVf8eJBEW/ixb9x8jhoYkFDUdVNd1cQc6a0bX9bK6tr6xubma3s9s7u3n7u4LCpokQS2iARj2Q7AEU5C2lDM81pO5YURMBpKxheT/zWPZWKRWFdj2LqCeiHrMcIaCP5OaeK3VhGsY5w1U9rt/Wxq5mgylWsL6Dg9kEIOMPt85mMH7Cfy9tFewq8TJw5yaM5an7u0+1GJBE01ISDUh3HjrWXgtSMcDrOuomiMZAh9GnH0BDMHi+dvjbGp0bp4l4kTYUaT9XfEykIpUYiMJ0C9EAtehPxP6+T6F7ZS1kYJ5qGZLaol3BsgpjkhLtMUqL5yBAgkplbMRmABKJNmlkTgrP48jJplorORbF0d5mvlOdxZNAxOkEF5KArVEE3qIYaiKBH9Ixe0Zv1ZL1Y79bHrHXFms8coT+wvn4A9fSgJA==</latexit>

w = exp
�

L0m�0
⌧�0p�0 [1� exp

�
Lm�0
⌧�0p�0 ]

<latexit sha1_base64="oz7G4bQbDNK9EVdLozqZbo+BwTc="></latexit>

mesons
450 GeV 
proton beam

target
�0

<latexit sha1_base64="KhNlAECiRqVtkGXkGvp67xPpA18=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69BIvoqSRVsMeCF48V7Ae0oUy2m3bp7ibsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8MOFMG8/7dgobm1vbO8Xd0t7+weFR+fikreNUEdoiMY9VN0RNOZO0ZZjhtJsoiiLktBNO7uZ+54kqzWL5aKYJDQSOJIsYQWOlTn+EQuDloFzxqt4C7jrxc1KBHM1B+as/jEkqqDSEo9Y930tMkKEyjHA6K/VTTRMkExzRnqUSBdVBtjh35l5YZehGsbIljbtQf09kKLSeitB2CjRjverNxf+8XmqiepAxmaSGSrJcFKXcNbE7/90dMkWJ4VNLkChmb3XJGBUSYxMq2RD81ZfXSbtW9a+rtYebSqOex1GEMziHK/DhFhpwD01oAYEJPMMrvDmJ8+K8Ox/L1oKTz5zCHzifP+egj0A=</latexit>

steel, earth 
shielding

NOMAD detector

e+
<latexit sha1_base64="KwQ5EeUA1kah2lxL8LaN10Cv2jE=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMgCGE3CuYY8OIxonlAsobZSW8yZHZ2mZkVQsgnePGgiFe/yJt/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbmZ+6wmV5rF8MOME/YgOJA85o8ZK9/h40SuW3LI7B1klXkZKkKHeK351+zFLI5SGCap1x3MT40+oMpwJnBa6qcaEshEdYMdSSSPU/mR+6pScWaVPwljZkobM1d8TExppPY4C2xlRM9TL3kz8z+ukJqz6Ey6T1KBki0VhKoiJyexv0ucKmRFjSyhT3N5K2JAqyoxNp2BD8JZfXiXNStm7LFfurkq1ahZHHk7gFM7Bg2uowS3UoQEMBvAMr/DmCOfFeXc+Fq05J5s5hj9wPn8A4l6NgA==</latexit>

e�
<latexit sha1_base64="W6QGXPkk/uJ4QB2YLsT+ED0YQ28=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgxbAbBXMMePEY0TwgWcPspDcZMju7zMwKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YRK81g+mHGCfkQHkoecUWOle3y86BVLbtmdg6wSLyMlyFDvFb+6/ZilEUrDBNW647mJ8SdUGc4ETgvdVGNC2YgOsGOppBFqfzI/dUrOrNInYaxsSUPm6u+JCY20HkeB7YyoGeplbyb+53VSE1b9CZdJalCyxaIwFcTEZPY36XOFzIixJZQpbm8lbEgVZcamU7AheMsvr5Jmpexdlit3V6VaNYsjDydwCufgwTXU4Bbq0AAGA3iGV3hzhPPivDsfi9ack80cwx84nz/lZo2C</latexit>

LL’



Dark photon search

E141, E137, E774, 
KEK, Orsay

✏
<latexit sha1_base64="1jK4zG92Qn3gQudTfuqjS0med1Q=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mqYI8FLx4r2A9oQ9lsJ+3SzSbuboQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJYPZpqgH9GR5CFn1Fip28dEcxHLQbniVt0FyDrxclKBHM1B+as/jFkaoTRMUK17npsYP6PKcCZwVuqnGhPKJnSEPUsljVD72eLeGbmwypCEsbIlDVmovycyGmk9jQLbGVEz1qveXPzP66UmrPsZl0lqULLlojAVxMRk/jwZcoXMiKkllClubyVsTBVlxkZUsiF4qy+vk3at6l1Va/fXlUY9j6MIZ3AOl+DBDTTgDprQAgYCnuEV3pxH58V5dz6WrQUnnzmFP3A+fwBLHZAa</latexit>



Axion-like Particle

U(1)PQ axion 

promote ✓ ! a/fa
<latexit sha1_base64="z8DTSk5a3hRYwsiVdjr/p37hOUA=">AAAB+XicbVDLSgNBEJz1GeNr1aOXwSB4irtRMMeAF48RzAOyS+idzCZDZh/M9AbCkj/x4kERr/6JN//GSbIHTSxoKKq66e4KUik0Os63tbG5tb2zW9or7x8cHh3bJ6dtnWSK8RZLZKK6AWguRcxbKFDybqo4RIHknWB8P/c7E660SOInnKbcj2AYi1AwQCP1bdvDEUegHiYUrsM+9O2KU3UWoOvELUiFFGj27S9vkLAs4jEyCVr3XCdFPweFgkk+K3uZ5imwMQx5z9AYIq79fHH5jF4aZUDDRJmKkS7U3xM5RFpPo8B0RoAjverNxf+8XoZh3c9FnGbIY7ZcFGaSmjfnMdCBUJyhnBoCTAlzK2UjUMDQhFU2IbirL6+Tdq3q3lRrj7eVRr2Io0TOyQW5Ii65Iw3yQJqkRRiZkGfySt6s3Hqx3q2PZeuGVcyckT+wPn8AjpCS7A==</latexit>

interactions: 

Similar idea à breaking of other global symmetry             
 à PNGB (ALP a) 

U(1)�
<latexit sha1_base64="Gu0oe9AGd53wX24udlvKlGd1lmc=">AAAB8HicdVBNSwMxEM36WetX1aOXYBHqpSRV7PZW8OKxgttW2qVk02wbmuwuSVYoS3+FFw+KePXnePPfmG0rqOiDgcd7M8zMCxLBtUHow1lZXVvf2CxsFbd3dvf2SweHbR2nijKPxiJW3YBoJnjEPMONYN1EMSIDwTrB5Cr3O/dMaR5Ht2aaMF+SUcRDTomx0p1XwWeDfjLmg1IZVRFCGGOYE1y/RJY0Gm4NuxDnlkUZLNEalN77w5imkkWGCqJ1D6PE+BlRhlPBZsV+qllC6ISMWM/SiEim/Wx+8AyeWmUIw1jZigycq98nMiK1nsrAdkpixvq3l4t/eb3UhK6f8ShJDYvoYlGYCmhimH8Ph1wxasTUEkIVt7dCOiaKUGMzKtoQvj6F/5N2rYrPq7Wbi3LTXcZRAMfgBFQABnXQBNegBTxAgQQP4Ak8O8p5dF6c10XrirOcOQI/4Lx9AvSVj9c=</latexit>

� =
1p
2
(v� + s)eia/v�

<latexit sha1_base64="nru5IQhqZ1ZCe4vftIt8b/ChlEE="></latexit>

�
<latexit sha1_base64="2aEyG851s19MlDfKIBdgoxxBiA8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexGwRwDXjxGMA9IljA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7CxubW9U9wt7e0fHB6Vj0/aRqWa0BZRXOluhA3lTNKWZZbTbqIpFhGnnWhyO/c7T1QbpuSDnSY0FHgkWcwItk5q90dYCDwoV/yqvwBaJ0FOKpCjOSh/9YeKpIJKSzg2phf4iQ0zrC0jnM5K/dTQBJMJHtGeoxILasJsce0MXThliGKlXUmLFurviQwLY6Yicp0C27FZ9ebif14vtXE9zJhMUkslWS6KU46sQvPX0ZBpSiyfOoKJZu5WRMZYY2JdQCUXQrD68jpp16rBVbV2f11p1PM4inAG53AJAdxAA+6gCS0g8AjP8ApvnvJevHfvY9la8PKZU/gD7/MHhTePDw==</latexit>

a
�

<latexit sha1_base64="2aEyG851s19MlDfKIBdgoxxBiA8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexGwRwDXjxGMA9IljA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7CxubW9U9wt7e0fHB6Vj0/aRqWa0BZRXOluhA3lTNKWZZbTbqIpFhGnnWhyO/c7T1QbpuSDnSY0FHgkWcwItk5q90dYCDwoV/yqvwBaJ0FOKpCjOSh/9YeKpIJKSzg2phf4iQ0zrC0jnM5K/dTQBJMJHtGeoxILasJsce0MXThliGKlXUmLFurviQwLY6Yicp0C27FZ9ebif14vtXE9zJhMUkslWS6KU46sQvPX0ZBpSiyfOoKJZu5WRMZYY2JdQCUXQrD68jpp16rBVbV2f11p1PM4inAG53AJAdxAA+6gCS0g8AjP8ApvnvJevHfvY9la8PKZU/gD7/MHhTePDw==</latexit>

�
<latexit sha1_base64="2aEyG851s19MlDfKIBdgoxxBiA8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexGwRwDXjxGMA9IljA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7CxubW9U9wt7e0fHB6Vj0/aRqWa0BZRXOluhA3lTNKWZZbTbqIpFhGnnWhyO/c7T1QbpuSDnSY0FHgkWcwItk5q90dYCDwoV/yqvwBaJ0FOKpCjOSh/9YeKpIJKSzg2phf4iQ0zrC0jnM5K/dTQBJMJHtGeoxILasJsce0MXThliGKlXUmLFurviQwLY6Yicp0C27FZ9ebif14vtXE9zJhMUkslWS6KU46sQvPX0ZBpSiyfOoKJZu5WRMZYY2JdQCUXQrD68jpp16rBVbV2f11p1PM4inAG53AJAdxAA+6gCS0g8AjP8ApvnvJevHfvY9la8PKZU/gD7/MHhTePDw==</latexit>

+
1

4
ga��aFµ⌫ F̃

µ⌫

<latexit sha1_base64="KRkQSea6sHniaI1m2C/LFxRvXNw="></latexit>



ALP constraints

<latexit sha1_base64="Ys5KHTqTRDK2yV0qnX+e1+GU4uA=">AAAB9HicdVDLSgMxFM34rPVVdekmWAQ3DjPTOq27ghuXFewD2rFk0rQNTTJjkimUod/hxoUibv0Yd/6NmbaCih64cDjnXu69J4wZVdpxPqyV1bX1jc3cVn57Z3dvv3Bw2FRRIjFp4IhFsh0iRRgVpKGpZqQdS4J4yEgrHF9lfmtCpKKRuNXTmAQcDQUdUIy0kYKuohy6zl167nqzXqHo2JdV37vwoGM7TsUr+RnxKmWvBF2jZCiCJeq9wnu3H+GEE6ExQ0p1XCfWQYqkppiRWb6bKBIjPEZD0jFUIE5UkM6PnsFTo/ThIJKmhIZz9ftEirhSUx6aTo70SP32MvEvr5PoQTVIqYgTTQReLBokDOoIZgnAPpUEazY1BGFJza0Qj5BEWJuc8iaEr0/h/6Tp2a5v+zflYq26jCMHjsEJOAMuqIAauAZ10AAY3IMH8ASerYn1aL1Yr4vWFWs5cwR+wHr7BIsykU0=</latexit>

⇠ 10�12

<latexit sha1_base64="YAVAxvB3SZQMGtJaKIBkvJ9u5uQ=">AAAB9HicdVDLSgMxFM34rPVVdekmWAQ3DjPTOq27ghuXFewD2rFk0rQNTTJjkimUod/hxoUibv0Yd/6NmbaCih64cDjnXu69J4wZVdpxPqyV1bX1jc3cVn57Z3dvv3Bw2FRRIjFp4IhFsh0iRRgVpKGpZqQdS4J4yEgrHF9lfmtCpKKRuNXTmAQcDQUdUIy0kYKuohy6zl167vqzXqHo2JdV37vwoGM7TsUr+RnxKmWvBF2jZCiCJeq9wnu3H+GEE6ExQ0p1XCfWQYqkppiRWb6bKBIjPEZD0jFUIE5UkM6PnsFTo/ThIJKmhIZz9ftEirhSUx6aTo70SP32MvEvr5PoQTVIqYgTTQReLBokDOoIZgnAPpUEazY1BGFJza0Qj5BEWJuc8iaEr0/h/6Tp2a5v+zflYq26jCMHjsEJOAMuqIAauAZ10AAY3IMH8ASerYn1aL1Yr4vWFWs5cwR+wHr7BJFGkVE=</latexit>

⇠ 10�16

<latexit sha1_base64="C7QGjv1dr16zKw990V1a5694a/o=">AAAB9HicdVDLSsNAFJ34rPVVdelmsAhuDEla07gruHFZwT6gjWUynbRDZ5I4MymU0O9w40IRt36MO//GSVtBRQ9cOJxzL/feEySMSmVZH8bK6tr6xmZhq7i9s7u3Xzo4bMk4FZg0ccxi0QmQJIxGpKmoYqSTCIJ4wEg7GF/lfntChKRxdKumCfE5GkY0pBgpLfk9STm0rbvs3PZm/VLZMi8917lwoGVaVs2puDlxalWnAm2t5CiDJRr90ntvEOOUk0hhhqTs2lai/AwJRTEjs2IvlSRBeIyGpKtphDiRfjY/egZPtTKAYSx0RQrO1e8TGeJSTnmgOzlSI/nby8W/vG6qQs/PaJSkikR4sShMGVQxzBOAAyoIVmyqCcKC6lshHiGBsNI5FXUIX5/C/0nLMW3XdG+q5bq3jKMAjsEJOAM2qIE6uAYN0AQY3IMH8ASejYnxaLwYr4vWFWM5cwR+wHj7BJRQkVM=</latexit>

⇠ 10�18

MeVeV

<latexit sha1_base64="0n0atiE5pFgg/FM3RA4MO3TwEnA=">AAAB+nicdVDLSsNAFJ3UV62vVJduBovgqqRpTeuu4MZlBfuANpTJdJIOnUnCzEQpsZ/ixoUibv0Sd/6NkzaCih64l8M59zJ3jhczKpVlfRiFtfWNza3idmlnd2//wCwf9mSUCEy6OGKRGHhIEkZD0lVUMTKIBUHcY6TvzS4zv39LhKRReKPmMXE5CkLqU4yUlsZmORinaBQgzvO+GJsVq3rRcuxzG1pVy2radScjdrNh12FNKxkqIEdnbL6PJhFOOAkVZkjKYc2KlZsioShmZFEaJZLECM9QQIaahogT6abL0xfwVCsT6EdCV6jgUv2+kSIu5Zx7epIjNZW/vUz8yxsmym+5KQ3jRJEQrx7yEwZVBLMc4IQKghWba4KwoPpWiKdIIKx0WiUdwtdP4f+kZ1drTtW5blTarTyOIjgGJ+AM1EATtMEV6IAuwOAOPIAn8GzcG4/Gi/G6Gi0Y+c4R+AHj7RP48JR3</latexit>ga��
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JWST spectrum observation

ga�� < 2.4⇥ 10�11 GeV�1
<latexit sha1_base64="8CVTPJXUwLv1gBiSTnK7cXTEIpA=">AAACHHicbVC7TsMwFHXKq5RXgZHFokJiIUraSnRgqMQAY5HoQ2pC5LhOa9VOIttBqqLwHyz8CgsDCLEwIPE3uG0GaDmSreNz7tX1PX7MqFSW9W0UVlbX1jeKm6Wt7Z3dvfL+QUdGicCkjSMWiZ6PJGE0JG1FFSO9WBDEfUa6/vhy6nfviZA0Cm/VJCYuR8OQBhQjpSWvXBt6KXKGiPP8zi6qZt1RlBMJbesuPbPt7CF1BIdXpJNN35lXrlimNQNcJnZOKiBHyyt/OoMIJ5yECjMkZd+2YuWmSCiKGclKTiJJjPAYDUlf0xDp4W46Wy6DJ1oZwCAS+oQKztTfHSniUk64rys5UiO56E3F/7x+ooKGm9IwThQJ8XxQkDCoIjhNCg6oIFixiSYIC6r/CvEICYSVzrOkQ7AXV14mnapp18zqTb3SbORxFMEROAanwAbnoAmuQQu0AQaP4Bm8gjfjyXgx3o2PeWnByHsOwR8YXz8ncaC7</latexit>

for ma = 1 eV
<latexit sha1_base64="1DqHu19Z2mxXxtQQFnCQ/Rfo/wM=">AAAB+XicbVBNSwMxEJ2tX7V+rXr0EiyCp7JbBXsRCl48VrAf0C5LNk3b0CS7JNlCWeov8eJBEa/+E2/+G9N2D9r6YODx3gwz86KEM20879spbGxube8Ud0t7+weHR+7xSUvHqSK0SWIeq06ENeVM0qZhhtNOoigWEaftaHw399sTqjSL5aOZJjQQeCjZgBFsrBS6rggxukX+U9ZTAtHWLHTLXsVbAK0TPydlyNEI3a9ePyapoNIQjrXu+l5iggwrwwins1Iv1TTBZIyHtGupxILqIFtcPkMXVumjQaxsSYMW6u+JDAutpyKynQKbkV715uJ/Xjc1g1qQMZmkhkqyXDRIOTIxmseA+kxRYvjUEkwUs7ciMsIKE2PDKtkQ/NWX10mrWvGvKtWH63K9lsdRhDM4h0vw4QbqcA8NaAKBCTzDK7w5mfPivDsfy9aCk8+cwh84nz8n5ZKs</latexit>

Janish, Pinetti, 2310.15396
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SMDS (?)
U(1)yU(1)’y

if there exists axion-like particle in DS, 

Kaneta, Lee, Yun, PRL 118 (2017) 10, 101802

Induce a new decay channel 
for dark photon

�0 ! a�
<latexit sha1_base64="37ZvUR4Y0+uhaBWfWxpW0kezWW4=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyiqzJTBbssuHFZwdZCZyh30kwbmmSGJCPUUvwVNy4Ucet/uPNvTNtZaOuBwMk593LvPVHKmTae9+0UVlbX1jeKm6Wt7Z3dPXf/oKWTTBHaJAlPVDsCTTmTtGmY4bSdKgoi4vQ+Gl5P/fsHqjRL5J0ZpTQU0JcsZgSMlbruUdAHIeAMBybBgOe/rlv2Kt4MeJn4OSmjHI2u+xX0EpIJKg3hoHXH91ITjkEZRjidlIJM0xTIEPq0Y6kEQXU4nm0/wadW6eE4UfZJg2fq744xCK1HIrKVAsxAL3pT8T+vk5m4Fo6ZTDNDJZkPijOO7aXTKHCPKUoMH1kCRDG7KyYDUECMDaxkQ/AXT14mrWrFv6hUby/L9VoeRxEdoxN0jnx0heroBjVQExH0iJ7RK3pznpwX5935mJcWnLznEP2B8/kDGjiUUg==</latexit>

photon + missing energy

1

4
ga�0�0aF 0

µ⌫ F̃
0µ⌫

<latexit sha1_base64="aDHnCPcaJWiHLnEbN75HF+JVHP8="></latexit>

+
1

2
ga�0�aF

0
µ⌫ F̃

µ⌫

<latexit sha1_base64="ojQEdYTFjXl8RQBd6drG7bynZxg="></latexit>

+
1

4
ga��aFµ⌫ F̃

µ⌫

<latexit sha1_base64="KRkQSea6sHniaI1m2C/LFxRvXNw="></latexit>



<latexit sha1_base64="g2mh8tcYpU6zL+lh6PtabiB8De8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbRU0lEao8FLx4r2A9oQ5lsN+3S3STsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUUdaisYhVN0DNBI9Yy3AjWDdRDGUgWCeY3M39zhNTmsfRo5kmzJc4injIKRordfojlBIvB+WKW3UXIOvEy0kFcjQH5a/+MKapZJGhArXueW5i/AyV4VSwWamfapYgneCI9SyNUDLtZ4tzZ+TCKkMSxspWZMhC/T2RodR6KgPbKdGM9ao3F//zeqkJ637GoyQ1LKLLRWEqiInJ/Hcy5IpRI6aWIFXc3kroGBVSYxMq2RC81ZfXSfu66tWqtYebSqOex1GEMziHK/DgFhpwD01oAYUJPMMrvDmJ8+K8Ox/L1oKTz5zCHzifP+nkj0c=</latexit>

�0
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An Example KSVZ-type

<latexit sha1_base64="B1s9+a53UJPhSKeFdI5p+XUmnCw="></latexit>

ga�� =
e2

8⇡2

PQ�

fa
(2NcQ

2
 )

<latexit sha1_base64="9ciB1WED+tiije+mNhLcY6AERFA="></latexit>

ga��0 =
ee0

8⇡2

PQ�

fa
(2NcQ D ) + ✏ga��

<latexit sha1_base64="x1e5Ohh2eXfiNGVGJXQigFUWLSY="></latexit>

ga�0�0 =
e02

8⇡2

PQ�

fa
(2NcD

2
 ) + 2✏ga��0

Kaneta, Lee, Yun, PRL 118 (2017) 10, 101802
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K = ✏ga��0
<latexit sha1_base64="TGnxLeCWkcXPK4u4+V/oXiwgGlk=">AAACBnicbVDLSgMxFM34rPU16lKEYBFdlZkq2I1QcCO4qWAf0BmGTJqZhiaZIckIZejKjb/ixoUibv0Gd/6NaTsLbT1wL4dz7iW5J0wZVdpxvq2l5ZXVtfXSRnlza3tn197bb6skk5i0cMIS2Q2RIowK0tJUM9JNJUE8ZKQTDq8nfueBSEUTca9HKfE5igWNKEbaSIF9dHvlkVRRlggYBznyYsR50U/HgV1xqs4UcJG4BamAAs3A/vL6Cc44ERozpFTPdVLt50hqihkZl71MkRThIYpJz1CBOFF+Pj1jDE+M0odRIk0JDafq740ccaVGPDSTHOmBmvcm4n9eL9NR3c+pSDNNBJ49FGUM6gROMoF9KgnWbGQIwpKav0I8QBJhbZIrmxDc+ZMXSbtWdc+rtbuLSqNexFECh+AYnAEXXIIGuAFN0AIYPIJn8ArerCfrxXq3PmajS1axcwD+wPr8AfyjmMk=</latexit>

H.-S. Lee, J. Lee, J. Yi, PRD 106, 015011 (2022)

Constraints of <latexit sha1_base64="xRCF9W7x6EQOaKmJh8EQBnHQt10=">AAAB+3icdVDLSsNAFJ3UV62vWJduBovoqiRFYroruHFZwT6gDWEynaRDZ5IwMxFL6K+4caGIW3/EnX/jpI2gogfu5XDOvcydE6SMSmVZH0ZlbX1jc6u6XdvZ3ds/MA/rfZlkApMeTlgihgGShNGY9BRVjAxTQRAPGBkEs6vCH9wRIWkS36p5SjyOopiGFCOlJd+sR36OxhHivOxnC99sWE1Lw3FgQWzXsjVpt91Wqw3tpWVZDVCi65vv40mCM05ihRmScmRbqfJyJBTFjCxq40ySFOEZishI0xhxIr18efsCnmplAsNE6IoVXKrfN3LEpZzzQE9ypKbyt1eIf3mjTIWul9M4zRSJ8eqhMGNQJbAIAk6oIFixuSYIC6pvhXiKBMJKx1XTIXz9FP5P+q2m7TSdm4tGxy3jqIJjcALOgQ0uQQdcgy7oAQzuwQN4As/Gwng0XozX1WjFKHeOwA8Yb59UIZSh</latexit>ga��0
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Ismail, Nugroho, Wong,
PRD 107, 082002 (2023)

Constraints of <latexit sha1_base64="xRCF9W7x6EQOaKmJh8EQBnHQt10=">AAAB+3icdVDLSsNAFJ3UV62vWJduBovoqiRFYroruHFZwT6gDWEynaRDZ5IwMxFL6K+4caGIW3/EnX/jpI2gogfu5XDOvcydE6SMSmVZH0ZlbX1jc6u6XdvZ3ds/MA/rfZlkApMeTlgihgGShNGY9BRVjAxTQRAPGBkEs6vCH9wRIWkS36p5SjyOopiGFCOlJd+sR36OxhHivOxnC99sWE1Lw3FgQWzXsjVpt91Wqw3tpWVZDVCi65vv40mCM05ihRmScmRbqfJyJBTFjCxq40ySFOEZishI0xhxIr18efsCnmplAsNE6IoVXKrfN3LEpZzzQE9ypKbyt1eIf3mjTIWul9M4zRSJ8eqhMGNQJbAIAk6oIFixuSYIC6pvhXiKBMJKx1XTIXz9FP5P+q2m7TSdm4tGxy3jqIJjcALOgQ0uQQdcgy7oAQzuwQN4As/Gwng0XozX1WjFKHeOwA8Yb59UIZSh</latexit>ga��0

K = ✏ga��0
<latexit sha1_base64="TGnxLeCWkcXPK4u4+V/oXiwgGlk=">AAACBnicbVDLSgMxFM34rPU16lKEYBFdlZkq2I1QcCO4qWAf0BmGTJqZhiaZIckIZejKjb/ixoUibv0Gd/6NaTsLbT1wL4dz7iW5J0wZVdpxvq2l5ZXVtfXSRnlza3tn197bb6skk5i0cMIS2Q2RIowK0tJUM9JNJUE8ZKQTDq8nfueBSEUTca9HKfE5igWNKEbaSIF9dHvlkVRRlggYBznyYsR50U/HgV1xqs4UcJG4BamAAs3A/vL6Cc44ERozpFTPdVLt50hqihkZl71MkRThIYpJz1CBOFF+Pj1jDE+M0odRIk0JDafq740ccaVGPDSTHOmBmvcm4n9eL9NR3c+pSDNNBJ49FGUM6gROMoF9KgnWbGQIwpKav0I8QBJhbZIrmxDc+ZMXSbtWdc+rtbuLSqNexFECh+AYnAEXXIIGuAFN0AIYPIJn8ArerCfrxXq3PmajS1axcwD+wPr8AfyjmMk=</latexit>
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Constraints of <latexit sha1_base64="xRCF9W7x6EQOaKmJh8EQBnHQt10=">AAAB+3icdVDLSsNAFJ3UV62vWJduBovoqiRFYroruHFZwT6gDWEynaRDZ5IwMxFL6K+4caGIW3/EnX/jpI2gogfu5XDOvcydE6SMSmVZH0ZlbX1jc6u6XdvZ3ds/MA/rfZlkApMeTlgihgGShNGY9BRVjAxTQRAPGBkEs6vCH9wRIWkS36p5SjyOopiGFCOlJd+sR36OxhHivOxnC99sWE1Lw3FgQWzXsjVpt91Wqw3tpWVZDVCi65vv40mCM05ihRmScmRbqfJyJBTFjCxq40ySFOEZishI0xhxIr18efsCnmplAsNE6IoVXKrfN3LEpZzzQE9ypKbyt1eIf3mjTIWul9M4zRSJ8eqhMGNQJbAIAk6oIFixuSYIC6pvhXiKBMJKx1XTIXz9FP5P+q2m7TSdm4tGxy3jqIJjcALOgQ0uQQdcgy7oAQzuwQN4As/Gwng0XozX1WjFKHeOwA8Yb59UIZSh</latexit>ga��0
P. deNiverville, H.S. Lee, M.S. Seo, 1806.00757

<latexit sha1_base64="RiAIwf2+j4aSz15/0TS4RQ4bjVM=">AAACDHicbVC7TsMwFL3hWcqrwMhiUSFYqBJUlY6VWBiLRB9SGyrHdVKrdhLZDlIV5QNY+BUWBhBi5QPY+BvcNgO0HMnW0Tnnyr7HizlT2ra/rZXVtfWNzcJWcXtnd2+/dHDYVlEiCW2RiEey62FFOQtpSzPNaTeWFAuP0443vp76nQcqFYvCOz2JqStwEDKfEayNNCiVg0GK+wEWIr/PMtTnVCnFBHLs+/SimpmUXbFnQMvEyUkZcjQHpa/+MCKJoKEmHCvVc+xYuymWmhFOs2I/UTTGZIwD2jM0xIIqN50tk6FTowyRH0lzQo1m6u+JFAulJsIzSYH1SC16U/E/r5dov+6mLIwTTUMyf8hPONIRmjaDhkxSovnEEEwkM39FZIQlJtr0VzQlOIsrL5P2ZcWpVWq31XKjntdRgGM4gXNw4AoacANNaAGBR3iGV3iznqwX6936mEdXrHzmCP7A+vwBwOCawg==</latexit>

ga��0 . 10�4

<latexit sha1_base64="SyocH1a7JQmqbhBbOwuKtQ9/EFw=">AAACDHicbVC7TsMwFHV4lvIqMLJYVAgWqgRQ6ViJhbFI9CE1oXLcm9SqnUS2g1RF/QAWfoWFAYRY+QA2/ga3zQAtR7J1dM65su/xE86Utu1va2l5ZXVtvbBR3Nza3tkt7e23VJxKCk0a81h2fKKAswiammkOnUQCET6Htj+8nvjtB5CKxdGdHiXgCRJGLGCUaCP1SuWwlxE3JELk98kYuxyUUkxgx77Pzi7GJmVX7CnwInFyUkY5Gr3Sl9uPaSog0pQTpbqOnWgvI1IzymFcdFMFCaFDEkLX0IgIUF42XWaMj43Sx0EszYk0nqq/JzIilBoJ3yQF0QM1703E/7xuqoOal7EoSTVEdPZQkHKsYzxpBveZBKr5yBBCJTN/xXRAJKHa9Fc0JTjzKy+S1nnFqVaqt5flei2vo4AO0RE6RQ66QnV0gxqoiSh6RM/oFb1ZT9aL9W59zKJLVj5zgP7A+vwBv1uawQ==</latexit>

ga��0 . 10�3

For 
<latexit sha1_base64="Frt+/lBtQehkqGuhbmFvEwg7SPY=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhbRVUlEa5cFN26ECvYBTQiT6W07dCYJMxOhhLpz46+4caGIWz/BnX/j9LHQ1gMXDufcy733hAlnSjvOt5VbWl5ZXcuvFzY2t7Z37N29hopTSaFOYx7LVkgUcBZBXTPNoZVIICLk0AwHV2O/eQ9SsTi608MEfEF6EesySrSRAvtQBJnXI0KQk5HHQSnFBL5wHjwpshtojAK76JScCfAicWekiGaoBfaX14lpKiDSlBOl2q6TaD8jUjPKYVTwUgUJoQPSg7ahERGg/GzyyAgfG6WDu7E0FWk8UX9PZEQoNRSh6RRE99W8Nxb/89qp7lb8jEVJqiGi00XdlGMd43EquMMkUM2HhhAqmbkV0z6RhGqTXcGE4M6/vEgaZyW3XCrfnherlVkceXSAjtApctElqqJrVEN1RNEjekav6M16sl6sd+tj2pqzZjP76A+szx+7pJnG</latexit>

m�0 . 50 MeV

For 
<latexit sha1_base64="Dhn8mNILwK5Cx/xRs0EPdLl8b/k=">AAACG3icbVDLSgMxFM34rPU16tJNsIiuykyR2mXBhW6ECvYBnWHIpLdtaDIzJBmhDPU73Pgrblwo4kpw4d+YPkBtPRA4nHMuN/eECWdKO86XtbS8srq2ntvIb25t7+zae/sNFaeSQp3GPJatkCjgLIK6ZppDK5FARMihGQ4uxn7zDqRicXSrhwn4gvQi1mWUaCMFdqnk3HtSZNfQGHkclFJMYBFkXo8IQU5+NHcSuzSxwC44RWcCvEjcGSmgGWqB/eF1YpoKiDTlRKm26yTaz4jUjHIY5b1UQULogPSgbWhEBCg/m9w2wsdG6eBuLM2LNJ6ovycyIpQaitAkBdF9Ne+Nxf+8dqq7FT9jUZJqiOh0UTflWMd4XBTuMAlU86EhhEpm/oppn0hCtakzb0pw509eJI1S0S0XyzdnhWplVkcOHaIjdIpcdI6q6ArVUB1R9ICe0At6tR6tZ+vNep9Gl6zZzAH6A+vzG8rtoeE=</latexit>

20 MeV . m�0 . 1 GeV
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Constraints of <latexit sha1_base64="xRCF9W7x6EQOaKmJh8EQBnHQt10=">AAAB+3icdVDLSsNAFJ3UV62vWJduBovoqiRFYroruHFZwT6gDWEynaRDZ5IwMxFL6K+4caGIW3/EnX/jpI2gogfu5XDOvcydE6SMSmVZH0ZlbX1jc6u6XdvZ3ds/MA/rfZlkApMeTlgihgGShNGY9BRVjAxTQRAPGBkEs6vCH9wRIWkS36p5SjyOopiGFCOlJd+sR36OxhHivOxnC99sWE1Lw3FgQWzXsjVpt91Wqw3tpWVZDVCi65vv40mCM05ihRmScmRbqfJyJBTFjCxq40ySFOEZishI0xhxIr18efsCnmplAsNE6IoVXKrfN3LEpZzzQE9ypKbyt1eIf3mjTIWul9M4zRSJ8eqhMGNQJbAIAk6oIFixuSYIC6pvhXiKBMJKx1XTIXz9FP5P+q2m7TSdm4tGxy3jqIJjcALOgQ0uQQdcgy7oAQzuwQN4As/Gwng0XozX1WjFKHeOwA8Yb59UIZSh</latexit>ga��0

A. Hook, G. Marques-Tavares, C. Ristow, 2105.06476



Decays

�(�0 ! �a) =
g2a�0�

96⇡
m3

�0

"
1� m2

a

m2
�0

#3

<latexit sha1_base64="0rdivW/JCEJnh2WfVz4aegXplsc="></latexit>

�(�0 ! `+`�) =
↵✏2

3
m�0

s

1�
4m2

`

m2
�0

 
1 +

2m2
`

m2
�0

!

<latexit sha1_base64="Rwl/QRcQYmwLKeBMwEf0YJw5DaI="></latexit>

�(�0 ! hadrons) =
↵✏2

3
m�0

s

1�
4m2

µ

m2
�0

 
1 +

2m2
µ

m2
�0

!
R

<latexit sha1_base64="KlnVcVBwuEq/o7xBhXA1Tu66Udw="></latexit>
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<latexit sha1_base64="7K7aYcgXGFowbp1Ix9OsvdyGTtE=">AAAB7XicbVBNSwMxEM3Wr1q/qh69BIsgiGW3CvZY8OKxgv2Adluy6Wwbm02WJCuUpf/BiwdFvPp/vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3tr6xuZXfLuzs7u0fFA+PmlomikKDSi5VOyAaOBPQMMxwaMcKSBRwaAXj25nfegKlmRQPZhKDH5GhYCGjxFipCb0L6F32iyW37M6BV4mXkRLKUO8Xv7oDSZMIhKGcaN3x3Nj4KVGGUQ7TQjfREBM6JkPoWCpIBNpP59dO8ZlVBjiUypYweK7+nkhJpPUkCmxnRMxIL3sz8T+vk5iw6qdMxIkBQReLwoRjI/HsdTxgCqjhE0sIVczeiumIKEKNDahgQ/CWX14lzUrZuypX7q9LtWoWRx6doFN0jjx0g2roDtVRA1H0iJ7RK3pzpPPivDsfi9ack80coz9wPn8AwOyOjg==</latexit>

dominates

m�0 . 300 MeV
<latexit sha1_base64="W4GzfhA1jiXReVIzcUxV/ARXMVY=">AAACCXicbVA9SwNBEN3zM8avU0ubxSBahbtEMGXAxkaIYD4gF8LeZpIs2d07dveEcMTSxr9iY6GIrf/Azn/jJrlCEx8MPN6bYWZeGHOmjed9Oyura+sbm7mt/PbO7t6+e3DY0FGiKNRpxCPVCokGziTUDTMcWrECIkIOzXB0NfWb96A0i+SdGcfQEWQgWZ9RYqzUdbHopsGACEHOJgEHrTUTuOx5D4ES6Q00Jl234BW9GfAy8TNSQBlqXfcr6EU0ESAN5UTrtu/FppMSZRjlMMkHiYaY0BEZQNtSSQToTjr7ZIJPrdLD/UjZkgbP1N8TKRFaj0VoOwUxQ73oTcX/vHZi+pVOymScGJB0vqifcGwiPI0F95gCavjYEkIVs7diOiSKUGPDy9sQ/MWXl0mjVPTLxdLtRaFayeLIoWN0gs6Rjy5RFV2jGqojih7RM3pFb86T8+K8Ox/z1hUnmzlCf+B8/gAuK5n3</latexit>

m�0 & 1 GeV
<latexit sha1_base64="JDc2K8HEs2d6O7UXNM/X3uFQATs=">AAACBnicbVDLSgMxFM34rPU16lKEYBFdlZkq2GXBhS4r2Ad0hiGTZtrQJDMkGaEM48aNv+LGhSJu/QZ3/o1pOwttPRA4nHMuN/eECaNKO863tbS8srq2Xtoob25t7+zae/ttFacSkxaOWSy7IVKEUUFammpGuokkiIeMdMLR1cTv3BOpaCzu9DghPkcDQSOKkTZSYB/xIPMGiHN0mnsDbYIcug+e5Nk1aeeBXXGqzhRwkbgFqYACzcD+8voxTjkRGjOkVM91Eu1nSGqKGcnLXqpIgvAIDUjPUIE4UX42PSOHJ0bpwyiW5gkNp+rviQxxpcY8NEmO9FDNexPxP6+X6qjuZ1QkqSYCzxZFKYM6hpNOYJ9KgjUbG4KwpOavEA+RRFib5sqmBHf+5EXSrlXd82rt9qLSqBd1lMAhOAZnwAWXoAFuQBO0AAaP4Bm8gjfryXqx3q2PWXTJKmYOwB9Ynz9gt5kH</latexit>

a�
<latexit sha1_base64="zK4wi872R9PI8k9LWjK8AgSstCI=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hd0omGPAi8cI5gHJEnons8mQmdllZlYIIR/hxYMiXv0eb/6Nk2QPmljQUFR1090VpYIb6/vf3sbm1vbObmGvuH9weHRcOjltmSTTlDVpIhLdidAwwRVrWm4F66SaoYwEa0fju7nffmLa8EQ92knKQolDxWNO0Tqpjb0hSon9Utmv+AuQdRLkpAw5Gv3SV2+Q0EwyZalAY7qBn9pwitpyKtis2MsMS5GOcci6jiqUzITTxbkzcumUAYkT7UpZslB/T0xRGjORkeuUaEdm1ZuL/3ndzMa1cMpVmlmm6HJRnAliEzL/nQy4ZtSKiSNINXe3EjpCjdS6hIouhGD15XXSqlaC60r14aZcr+VxFOAcLuAKAriFOtxDA5pAYQzP8ApvXuq9eO/ex7J1w8tnzuAPvM8fP36Peg==</latexit>

is important

<latexit sha1_base64="3jCUXgVvmMlwCNgECbHGWGJf4EM=">AAAB+XicbVBNSwMxEJ2tX7V+rXr0EiyCF8uulNqLUPDisYL9gLaWbJptQ7PJkmQLZek/8eJBEa/+E2/+G9N2D9r6YODx3gwz84KYM20879vJbWxube/kdwt7+weHR+7xSVPLRBHaIJJL1Q6wppwJ2jDMcNqOFcVRwGkrGN/N/daEKs2keDTTmPYiPBQsZAQbK/Vdt0tjzbgUt773lF6VZ3236JW8BdA68TNShAz1vvvVHUiSRFQYwrHWHd+LTS/FyjDC6azQTTSNMRnjIe1YKnBEdS9dXD5DF1YZoFAqW8Kghfp7IsWR1tMosJ0RNiO96s3F/7xOYsJqL2UiTgwVZLkoTDgyEs1jQAOmKDF8agkmitlbERlhhYmxYRVsCP7qy+ukeV3yK6XKQ7lYq2Zx5OEMzuESfLiBGtxDHRpAYALP8ApvTuq8OO/Ox7I152Qzp/AHzucPmASS9w==</latexit>

✏ = 10�4

<latexit sha1_base64="sdhzU13WuclxDJUtEdUWomSSkAs=">AAACEnicbVC7TsMwFHXKq5RXgJHFokLAQJWgqnRBqsQAY5HoQ2pC5LhOa9VOIttBqqLwCyz8CgsDCLEysfE3uG0GKBzJ1vE59+r6Hj9mVCrL+jIKC4tLyyvF1dLa+sbmlrm905ZRIjBp4YhFousjSRgNSUtRxUg3FgRxn5GOP7qY+J07IiSNwhs1jonL0SCkAcVIackzjwdeipwB4jy/D7Nz27pNT6rZPXQETy9JO9NPO/PMslWxpoB/iZ2TMsjR9MxPpx/hhJNQYYak7NlWrNwUCUUxI1nJSSSJER6hAelpGiJOpJtOV8rggVb6MIiEPqGCU/VnR4q4lGPu60qO1FDOexPxP6+XqKDupjSME0VCPBsUJAyqCE7ygX0qCFZsrAnCguq/QjxEAmGlUyzpEOz5lf+S9mnFrlVq19Vyo57HUQR7YB8cARucgQa4Ak3QAhg8gCfwAl6NR+PZeDPeZ6UFI+/ZBb9gfHwDMkudJg==</latexit>

ga��0 = 10�4 GeV�1

<latexit sha1_base64="JLOVDs1K1x+Z80PHHs9a8AR62zk="></latexit>✏ ⇡ ga��0m�0



Decays

�0 ! a�
<latexit sha1_base64="ARz/vKCM8Hv9rXQ12unZWdO7foc=">AAAB+3icdVDLSgNBEJz1GeNrjUcvg0H0tMzGrOYY8OIxgnlANoTeySQZMrO7zMyKIeRXvHhQxKs/4s2/cfIQVLSgoajqprsrSgXXhpAPZ2V1bX1jM7eV397Z3dt3DwoNnWSKsjpNRKJaEWgmeMzqhhvBWqliICPBmtHoauY375jSPIlvzThlHQmDmPc5BWOlrlsIByAlnIYmwbDgXbdIPHIRlP0KJl5A/IofWFIKfEJK2PfIHEW0RK3rvoe9hGaSxYYK0Lrtk9R0JqAMp4JN82GmWQp0BAPWtjQGyXRnMr99ik+s0sP9RNmKDZ6r3ycmILUey8h2SjBD/dubiX957cz0K50Jj9PMsJguFvUzge2jsyBwjytGjRhbAlRxeyumQ1BAjY0rb0P4+hT/Txolzz/3SjflYrWyjCOHjtAxOkM+ukRVdI1qqI4oukcP6Ak9O1Pn0XlxXhetK85y5hD9gPP2CbRtlDQ=</latexit>

e+e�
<latexit sha1_base64="7K7aYcgXGFowbp1Ix9OsvdyGTtE=">AAAB7XicbVBNSwMxEM3Wr1q/qh69BIsgiGW3CvZY8OKxgv2Adluy6Wwbm02WJCuUpf/BiwdFvPp/vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3tr6xuZXfLuzs7u0fFA+PmlomikKDSi5VOyAaOBPQMMxwaMcKSBRwaAXj25nfegKlmRQPZhKDH5GhYCGjxFipCb0L6F32iyW37M6BV4mXkRLKUO8Xv7oDSZMIhKGcaN3x3Nj4KVGGUQ7TQjfREBM6JkPoWCpIBNpP59dO8ZlVBjiUypYweK7+nkhJpPUkCmxnRMxIL3sz8T+vk5iw6qdMxIkBQReLwoRjI/HsdTxgCqjhE0sIVczeiumIKEKNDahgQ/CWX14lzUrZuypX7q9LtWoWRx6doFN0jjx0g2roDtVRA1H0iJ7RK3pzpPPivDsfi9ack80coz9wPn8AwOyOjg==</latexit>

dominates

a�
<latexit sha1_base64="zK4wi872R9PI8k9LWjK8AgSstCI=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hd0omGPAi8cI5gHJEnons8mQmdllZlYIIR/hxYMiXv0eb/6Nk2QPmljQUFR1090VpYIb6/vf3sbm1vbObmGvuH9weHRcOjltmSTTlDVpIhLdidAwwRVrWm4F66SaoYwEa0fju7nffmLa8EQ92knKQolDxWNO0Tqpjb0hSon9Utmv+AuQdRLkpAw5Gv3SV2+Q0EwyZalAY7qBn9pwitpyKtis2MsMS5GOcci6jiqUzITTxbkzcumUAYkT7UpZslB/T0xRGjORkeuUaEdm1ZuL/3ndzMa1cMpVmlmm6HJRnAliEzL/nQy4ZtSKiSNINXe3EjpCjdS6hIouhGD15XXSqlaC60r14aZcr+VxFOAcLuAKAriFOtxDA5pAYQzP8ApvXuq9eO/ex7J1w8tnzuAPvM8fP36Peg==</latexit>

is important
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m�0 & 100 MeV
<latexit sha1_base64="spiGvzDo/xEFJkdSBkzcOfdaxwI=">AAACCHicbVDLSgMxFM34rPU16tKFwSK6KjNVsMuCGzdCBfuAzjBk0kwbmmSGJCOUYdy58VfcuFDErZ/gzr8xbWehrQcCh3PO5eaeMGFUacf5tpaWV1bX1ksb5c2t7Z1de2+/reJUYtLCMYtlN0SKMCpIS1PNSDeRBPGQkU44upr4nXsiFY3FnR4nxOdoIGhEMdJGCuwjHmTeAHGOTnNvoE2QQ9dxHjzJsxvSzgO74lSdKeAicQtSAQWagf3l9WOcciI0Zkipnusk2s+Q1BQzkpe9VJEE4REakJ6hAnGi/Gx6SA5PjNKHUSzNExpO1d8TGeJKjXlokhzpoZr3JuJ/Xi/VUd3PqEhSTQSeLYpSBnUMJ63APpUEazY2BGFJzV8hHiKJsDbdlU0J7vzJi6Rdq7rn1drtRaVRL+oogUNwDM6ACy5BA1yDJmgBDB7BM3gFb9aT9WK9Wx+z6JJVzByAP7A+fwBYkpmB</latexit>

m�0 . 100 MeV
<latexit sha1_base64="R3AbQleJoIEEJUMAAEJzxunGchw=">AAACCXicbVDLSsNAFJ3UV62vqks3g0V0VZIq2GXBjRuhgn1AE8JketMOnUnCzEQoIS7d+CtuXCji1j9w5984fSy09cCFwzn3cu89QcKZ0rb9bRVWVtfWN4qbpa3tnd298v5BW8WppNCiMY9lNyAKOIugpZnm0E0kEBFw6ASjq4nfuQepWBzd6XECniCDiIWMEm0kv4yFn7kDIgQ5zV0OSikmsGPbD64U2Q20c79csav2FHiZOHNSQXM0/fKX249pKiDSlBOleo6daC8jUjPKIS+5qYKE0BEZQM/QiAhQXjb9JMcnRunjMJamIo2n6u+JjAilxiIwnYLooVr0JuJ/Xi/VYd3LWJSkGiI6WxSmHOsYT2LBfSaBaj42hFDJzK2YDokkVJvwSiYEZ/HlZdKuVZ3zau32otKoz+MooiN0jM6Qgy5RA12jJmohih7RM3pFb9aT9WK9Wx+z1oI1nzlEf2B9/gArDZn1</latexit>

<latexit sha1_base64="JLOVDs1K1x+Z80PHHs9a8AR62zk="></latexit>✏ ⇡ ga��0m�0



New Constraints

BaBar, KLOE, A1, NA48/2: 

`+`�
<latexit sha1_base64="zvrzM6F5IpYihOnyR3wVD/mr190=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMgiGE3CuYY8OIxgnlAsobZSW8yZPbhzGwghHyHFw+KePVjvPk3TjZ70MSCboqqbqanvFhwpW3728qtrW9sbuW3Czu7e/sHxcOjpooSybDBIhHJtkcVCh5iQ3MtsB1LpIEnsOWNbud+a4xS8Sh80JMY3YAOQu5zRrWR3C4K8XiR9kvSK5bssp2CrBInIyXIUO8Vv7r9iCUBhpoJqlTHsWPtTqnUnAmcFbqJwpiyER1gx9CQBqjcaXr0jJwZpU/8SJoKNUnV3xtTGig1CTwzGVA9VMveXPzP6yTar7pTHsaJxpAtHvITQXRE5gmQPpfItJgYQpnk5lbChlRSpk1OBROCs/zlVdKslJ2rcuX+ulSrZnHk4QRO4RwcuIEa3EEdGsDgCZ7hFd6ssfVivVsfi9Gcle0cwx9Ynz+xr5Fc</latexit>

events = � ⇥ Br(�0 ! `+`�)
<latexit sha1_base64="KLWNNlCJp7vAmYnye0oiIMKgZ+Y=">AAACFnicbVDLSgMxFM3UV62vqks3wSJWpGWmCnZZdOOygn1AZyx30rQNTWaGJCOUoV/hxl9x40IRt+LOvzGddqHVAwmHc+7l3nv8iDOlbfvLyiwtr6yuZddzG5tb2zv53b2mCmNJaIOEPJRtHxTlLKANzTSn7UhSED6nLX90NfVb91QqFga3ehxRT8AgYH1GQBupmy+5ig0EuJoJqrArRXIpJ0V3AELAsatD7FLO707Tv3TSzRfssp0C/yXOnBTQHPVu/tPthSQWNNCEg1Idx460l4DUjHA6ybmxohGQEQxox9AAzBZekp41wUdG6eF+KM0LNE7Vnx0JCKXGwjeVAvRQLXpT8T+vE+t+1UtYEMWaBmQ2qB9zbM6dZoR7TFKi+dgQIJKZXTEZggSiTZI5E4KzePJf0qyUnbNy5ea8UKvO48iiA3SIishBF6iGrlEdNRBBD+gJvaBX69F6tt6s91lpxpr37KNfsD6+AWsbntU=</latexit>

⇠ (old)⇥ (1 + (
ga��0m�0

e✏
)2)�1

<latexit sha1_base64="X0q5hED81ca9up6g6BDovUa9s4Q="></latexit>

beam dump 

e+e�
<latexit sha1_base64="7K7aYcgXGFowbp1Ix9OsvdyGTtE=">AAAB7XicbVBNSwMxEM3Wr1q/qh69BIsgiGW3CvZY8OKxgv2Adluy6Wwbm02WJCuUpf/BiwdFvPp/vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3tr6xuZXfLuzs7u0fFA+PmlomikKDSi5VOyAaOBPQMMxwaMcKSBRwaAXj25nfegKlmRQPZhKDH5GhYCGjxFipCb0L6F32iyW37M6BV4mXkRLKUO8Xv7oDSZMIhKGcaN3x3Nj4KVGGUQ7TQjfREBM6JkPoWCpIBNpP59dO8ZlVBjiUypYweK7+nkhJpPUkCmxnRMxIL3sz8T+vk5iw6qdMxIkBQReLwoRjI/HsdTxgCqjhE0sIVczeiumIKEKNDahgQ/CWX14lzUrZuypX7q9LtWoWRx6doFN0jjx0g2roDtVRA1H0iJ7RK3pzpPPivDsfi9ack80coz9wPn8AwOyOjg==</latexit>

events 

⇠ (old)⇥ exp
�

L0m4
�0

p�0 ⇥ (1 + (
ga��0m�0

e✏
)2)�1

<latexit sha1_base64="rVRdp7oUMP2NKACC4pqEikIsnQ0="></latexit>
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New Constraints

SN constraints are not included!
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Summary

IF ALP lives in DS, it could couple to photon and dark photon !!

ALP could significantly change the constraints for dark photon 
(> 1 MeV)!

Search strategy for dark photons should be visited 

mono-photon with missing ET should be explored 

may open or close parameter space

especially for heavier dark photon

may reopen the parameter to explanation muon g-2
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