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The PADME experiment



What is the universe made of?
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DM, dark sectors and portals
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! B)K,$6'11$'-K$?4A+>)-($"'-(,1$'>>4R,K

Dark (or hidden) sector:
DM particles completely neutral under SM forces, 
with new interactions
Mediator:
A mediator particle of  the new interaction, 
interacting very weekly with SM particles
Portal interaction:
New interaction connecting dark mediator and 
SM particles
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Where to search for a new mediator?
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A’ production and decays
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A’ experiments at accelerators
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How to search for invisible decays?
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The PADME physics case(s) 
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Why missing mass technique?

<G'H#;;-'I/+.#$)'8)&906)='23JK
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The DA(NE Beam Test Facility (BTF)
NIM A 515 (2003) 524–542
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The PADME experiment at the BTF

PADME

<G'H#;;-'I/+.#$)'8)&906)='23JK 11



PADME experiment setup
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PADME invisible technique: A\!!
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PADME visible technique: A’ \ e+e#
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PADME GEANT4 Monte Carlo
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A’ to invisible sensitivity analysis
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PADME-invisible decay sensitivity

<G'H#;;-'I/+.#$)'8)&906)='23JK

mEB<X'0-$;+*'*7*$"'0*$0-"-7-",'5#&'")'M*'&*#.6*%'
-(=&)7*(*$"')$'"6*'+-(-"0'0"-++'=)00-M+*G

*$+bqq3'<*IS'+!" 1'2dGe'<*Ir%2

*$+beq3'<*IS'+!" 1'2eGe'<*Ir%2

*$+bJ'u*IS'+!" 1'd2'<*Ir%2

mEB<X 2',*#&0')5'%#"#'"#9-$;'#"'j34'*55-.-*$.,':-"6'M/$.6'
+*$;"6')5''233'$0
fCJ3Jd XgL'b'DEEEE$,VrM/$.6'x 2'x f#;+;Ec0'C'3Gj'+ Xe$j.

! Y#0*%')$'2GqCJ3J3 5/++,'uXE[Lf'0-(/+#"*%'
qq3<*I'*Z')$'"#&;*"'*7*$"0'
! [/(M*&')5'Yu'*7*$"0'-0'*C"&#=)+#"*%'")'JCJ3Jd

*+*."&)$0')$'"#&;*"

! U0-$;'[OED"Pb*O[YuP
! , *$6#$.*(*$"'5#.")&'',O<EDP'b'*O-D")/*("") 

:-"6'$bJ'%/*'")'ED'(#00

!(e+e_ " A '! )
!(e+e_ "!! )

=
N(A '! )
N(! )

Acc(!! )
Acc(A '! )

= " ##

17



<G'H#;;-'I/+.#$)'8)&906)='23JK

B-#()$%':-"6';&#=6-"*'0"&-=0S
E++]l#&M)$'#."-7*'"#&;*"A'M*#('
=)0-"-)$'y'0-R*'#$%'+/(-$)0-",'
()$-")&G

!.-$"-++#"-$;'M#&0':-"6'!-m<
&*#%)/"'5)&'&*Q*."-$;'Y&*(0G'
M#.9;&)/$%'*7*$"0'O"#;;-$;'
=)0-"&)$0P'^$0-%*'7#.//('7*00*+

I*&,'5#0"'mMa2'l6*&*$9)7'
.#+)&-(*"*&'5)&'&*Q*."-$;'2'#$%'d'
=6)")$'M#.9;&)/$%'*7*$"0'#$%'
:-"60"#$%'Y&*(00"&#6+/$;'&#"*'
5#0"'m<L'&*#%)/"'

X<'.#+)&-(*"*&'Yug'id'.&,0"#+0
!=#&*'%-=)+*'5&)('lXH['!m!'
O2d'.(';#=A'J'('+)$;P

PADME detector status

18



The PADME Ecal Status
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The PADME vacuum chamber
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commissioning and running plans

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

PADME Construction Commissioning PADME Run I

2018

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Beam time for PADME to be negotiated with INFN and LNF management

2019
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commissioning and running plans
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ALPs physics at PADME
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The 8Be anomaly
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! !#$-",'.6*.90'=*&5)&(*%
! XC.*00'%-0#==*#&0'#0')$*'0.#$0'"6&)/;6'"6*'=&)")$'M*#('
&*0)$#$.*'9-$*"-.'*$*&;,')5'JG3d'<*I

! *C.*00'M*.)(*0'()&*'=&)$)/$.*%':6*$'&*0"&-."-$;'")'"6*'
0/M0*"')5'*7*$"0':-"6'X'p'JK'<*I'#$%'-0'#M0*$"'5)&'+):*&'
*$*&;,'*7*$"0

! XC.*00')$+,'#==*#&0'5)&'*7*$"0':-"6'0,((*"&-.'X*Z #$%'X*]

mHi'JJjA'3f2q3J'O23JjP

^0'"6-0'#$'*7-%*$.*')5'#'$*:'+-;6"'%#&9'=6)")$?

l#$')$+,'(-"-;#"*'"6*'#$)(#+,'M,'J* M,'-(=&)7-$;'
$/.+*#&'"&*#"(*$"G'!"#$%&'()*"+,-.",/",-0
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The 8Be anomaly interpretation

<G'H#;;-'I/+.#$)'8)&906)='23JK

L"424+=4<)'

!"&)$;*0"'*C=*&-(*$"#+'+-(-"')$'"6*'
*+*."&)$'.)/=+-$;'.)(*0'5&)('}igX'
%#"#S'$*12X]d'

24



8Be anomaly at PADME

<G'H#;;-'I/+.#$)'8)&906)='23JK

!A6+ 64K,O$
;Z;F$LH[$
%DFD#g$%,@

! XC=+)-"'"6*'5#."'"6#"',)/'_9$):`':6*&*'")'0*#&.6'Je'<*I
! XC=+)-"'"6*'/$->/*'=)00-M-+-",'")'6#7*'*Z #"'2K2Ge<*I'ki[a
! L/$*'X*Z 0/.6'"6#"'Xl<b0>&"O2{(*{XYPbJe<*I
! m&)%/.*'ED')5'Je<*I')$'06*++'"6&)/;6'%-&*."'#$$-6-+#"-)$'**]pED
! m#&#(*"&-.#++,'*$6#$.*%'**]pED'gO'P':&" **]pED" gO'2P

! U0*'"6&*06)+%'*55*."'")'6#7*'0)+-%'*7-%*$.*'-5'#$,
! EM0)&M'#$,'!<'Yu'-$'8'%/(=
! 8)&9')$;)-$;')$'"6-$'"#&;*"'&*#.6*0
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Possible future for PADME in the USA?

<G'H#;;-'I/+.#$)'8)&906)='23JK

! <#-$'+-(-"#"-)$')$'mEB<X'0*$0-"-7-",'.)(*0'5&)('"6*'7*&,'
0(#++'%/",'.,.+*')5'BEa[X'i-$#. O2X]j's JX]qP
! dEj.$N$SXEMDdEW$-1k<A-?=,1$

! Y*#('*$*&;,'+-(-"0'mEB<X'(#00'&*#.6
! qq3<*I'+-(-"0'<ED'1'2dGe<*I

! LJ!%Z$640,K$24$aZ*&$m$a4"-,>>$?'-$+"45)2$45O
! CJ3333'6-;6*&'+/(-$)0-",
! CJ2'@-;6*&'*$*&;,'Oj'u*IP'<ED'1'eK'<*I

! LJ!%Z$?'-$455,"$24$a4"-,>>O
! @-;6'0=#"-#+'#$%'*$*&;,'&*0)+/"-)$'Yug'.&,0"#+'X.#+
! a#0"*&'.&,0"#+0':&" ")'liXg'l!^OLiP
! !=*."&)(*"*&'(#;$*"'#$%'7*")'%*"*.")&0

! <)7-$;'mEB<X'")'l)&$*++':-++'M*'#'J]2<~'0.#+*'=&)Q*."'O%*"*.")&'&*#%,'M,'0/((*&')5'23JKnP
! <H^'5)&'"6*'*C"&#."-)$')5'#'=)0-"&)$'M*#('5&)('lX!H'0/M(-""*%'Oa*M'23JKP

! XC=*."-$;'5-$#+'%*.-0-)$'M,'g.")M*&'23JKG'
! mEB<X'(-;6"'M*'#M+*'")'&/$'klX!H'-$'Q/0"'5*:',*#&0'*$%')5'232J]2322?
! E'7*&,'-$"*&*0"-$;'=6,0-.0'=)"*$"-#+S'-$.+/%-$;'7-0-M+*'#$%'-$7-0-M+*'EDA'Eim0
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Conclusions

! L6*'mEB<X'*C=*&-(*$"'.)$0"&/."-)$'-0'*C=*."*%'")'M*'.)(=+*"*%'M,'"6*'M*;-$$-$;')5'v/+,
! mEB<X'.#$'M*'"6*'5-&0"'*C=*&-(*$"'")'*C=+)&*'"6*'=&).*00'*Z*# \ "EDA'E'\'!! -$'#'+):'*$*&;,'

5-C*%'"#&;*"'*$7-&)$(*$"G
! 8-"6'J]2',*#&')5'&/$$-$;'mEB<X'.#$'0"-++'*C"*$%'"6*'Y#Y#& 0*$0-"-7-",'")'-$7-0-M+*'ED'%*.#,0'

")'+):*&'.)/=+-$;0G
! mEB<X'*C=*&-(*$"'-0',N2,-K)-($)21$+=31)?1$?'1,$24$42=,"$K'"C$1,?24"$64K,>1

! I-0-M+*'B#&9'm6)")$0A'Eim0'0*#&.6*0A'a-5"6'5)&.*A'%#&9'@-;;0

! *2'"2)-($K'2'M2'C)-($<3$5)"12$='>5$lA>3$DE;F
! LJ!%Z$)1$')6)-($'2$,N2,-K)-($)21$)-2,"-'2)4-'>$?4>>'<4"'2)4-

! �)/&'#&*':*+.)(*'")'Q)-$'/0n
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l4)-$2=,$K'"C$1)K,nl4)-$2=,$K'"C$1)K,n
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A’ to invisible backgrounds

<G'H#;;-'I/+.#$)'8)&906)='23JK

For ))*events, given one photon in 
fiducial region, also the second is in 
the calorimeter easy to control

For ))+),*events, given one photon in 
fiducial region, the small angle 
calorimeter is crucial to recover full 
efficiency on second photon

Residual background dominated by 
Bremsstrahlung with e+ missed by the 
scintillating bars veto
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Excitation energy checks
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The PADME collaboration
812)2A24 9'.)4-'>, K)$:)1)?' 9A?>,'", 8[J]o

! @)0"-$;'"6*'*C=*&-(*$"'#"'i#M)&#")&,'[#R-)$#+- %-'a&#0.#"-
! m#&"-.-=#"-$;'-$0"-"/"-)$0S'i[aA'H)(#JA'H)(#dA'#$%'i*..*
! d2'&*0*#&.6*&0':)&9-$;')$'"6*'=&)Q*."'=#&"')5'"6*-&'"-(*

/-)0,"1)23$45$*45)'A'=&)5G'I*$*+-$ })R6/6#&)7 #$%'.)++#M)&#")&0
! H*0=)$0-M-+-",')5'0.-$"-++#")&'7*")'%*"*.")&0
! u&#$"')M"#-$*%'")'=#&"-.-=#"*'-$")'mEB<X'-$'"6*'$*C"'d',*#&0n

%[J$J246C)A'B*M&*.*$'O@/$;#&,PA'=&)5G'E""-+#'}&#0R$#6)&9#, #$%'.)++#M)&#")&0
a4"-,>>$/-)0,"1)23A'liE!!X'+#M)&#")&,A'=&)5G'vG'E+*C#$%*&'#$%'.)++#M)&#")&0

! <H^'0/M(-""*%'5)&'=)0-"&)$'*C"&#."-)$'+-$*'#"'l)&$*++'")'&/$'mEB<XG
a4>>,(,$B)>>)'6$'-K$%'"3\ m&)5G YG'8)Q"0*96):09-
[=,$/-)0,"1)23$45$84R'\$E%QG'm&)5G Y/&#9 Y-+9-
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The PADME approach to A’ searches

<G'H#;;-'I/+.#$)'8)&906)='23JK

[=,$(4'>
! B*7*+)='#'%#&9'0*.")&'0*#&.6':6-.6'-0'#0'(/.6'#0'=)00-M+*'64K,>$)-K,+,-K,-2

! XC=+)&*'0*7*&#+'()%*+0'#"'"6*'0#(*'"-(*'OI*.")&0A'=0*/%)]0.#+#&0P

!<-$-(-R*'"6*'$/(M*& )5'-$"*&#."-)$0'#$%'=#&#(*"*&0 -$'"6*'%#"#'-$"*&=&*"#"-)$
! [**%')$+,'")'%*0.&-M*'=&)%/."-)$'(*.6#$-0(
! [**%0')$+,'.)/=+-$;'")'*+*."&)$0

! m&)7-%*'#'12"4-($'-K$A-_A,12)4-'<>,$,N+,")6,-2'>$,0)K,-?,$54"$JD
! <*#0/&*'(#00'#$%'.)/=+-$;'0-(/+"#$*)/0+,'.#$'/0*'%#"#'%&-7*$'M#.9;&)/$%'*0"-(#"*n

[=,$R'3
! !*#&.6'5)&'"6*'=&).*00',V,# Mp"JT ED]p^$7G'M,'6,'1A")-($2=,$5)-'>$12'2,$6)11)-($6'11

! ^$%*=*$%*$"'5&)('"6*'ED'%*.#,'(*.6#$-0(A'ED'+-5*"-(*A'$#"/&*'#$%'(#00')5'"6*'%#&9'(#""*&'!

!%,'1A",$$2 5&)('&#"*''-K$%JT 5&)('"6*'(-00-$;'(#00'
! l)(=+*"*+,'.)$0"&#-$'"6*'(-$-(#+'ED'()%*+

!<*#0/&*'$2 :-"6'(-$-(#+'"6*)&*"-.#+'/$.*&"#-$"-*0
! v/0"'"6*'%*+"#'.&)00'0*."-)$'*$6#$.*(*$"'5#.")&G
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8Be anomaly at PADME?

! mEB<X'6#0'"6*'/$->/*'.6#$.*')5'=&)%/.-$;'h'-$'&*0)$#$"'()%*'YLa'#'2K2'<*I
! <*#0/&*(*$"'+-(-"*%'5&)('"6*'&#%-#"-7*'M#MM#6 0.#""*&-$;'**]p'**"

! L6-$')&'"6-.9'"#&;*"?'u*"'&-%')5'&#%-#"-7*'M#MM#6n
! [**%'#'.)(=/"#"-)$')5'h'=&)%/."-)$'.&)00'0*."-)$'#"'qq3'<*I'")'#00*00'mEB<X'0*$0-"-7-",

LJ!%Z
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Residual background

$+

B-55-./+"'")'7*")'=)0-"&)$':-"6'X*ZÄXM*#( *7*$"0
Q",6112"'=>A-(

f$+=424-1$K,?'3
" 0)5"

<G'H#;;-'I/+.#$)'8)&906)='23JK

B-55-./+"'")'7*")'+):'*$*&;,'=6)")$0'%/*'")'6-;6'
M&*(00"&#6+/$;'&#"*'-$'"6*'!El

B*0-;$')="-(-R#"-)$')$;)-$;'")'&*%/.*'&*0-%/#+'
M#.9;&)/$%'$*:'0*$0-"-7-",'*C=*."*%'M,'0/((*&
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Cross sections at PADME

<G'H#;;-'I/+.#$)'8)&906)='23JK

hZJ9[X +):'*$*&;,'X<'+-M&#&-*0'
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PADME A’ main backgrounds
!-;$#+'*Z*#]p"ED Yu'#$$-6-+#"-)$'*Z*#]p""(") Yu'!<'Y&*(0GS'*Z[]p*Z["

" " "

mf"A"

mf*ZA"

"

<(-00b<ED

J'" i)0"

J *Z'+)0"

*Z *Z *Z
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Why at low energy fixed target?

<G'H#;;-'I/+.#$)'8)&906)='23JK

! l#$'=+#,':-"6'"6*'"#&;*"'(#"*&-#+'")';*"'.&)00'0*."-)$'*$6#$.*(*$"'O-* 6-;6'FP
! l#$'=+#,':-"6'M*#('*$*&;,'")';*"'&*0)$#$"'=&)%/."-)$'O-5'(#00'-0'9$):$'h'Y)0)$P
! v/0"'5*:'M#.9;&)/$%'0)/&.*0'

! OM*+):'=-)$'=&)%/."-)$'"6&*06)+%0')$+,'WXB'-0'-$7)+7*%P

! l#$'/0*'*+*."&)$'#$%'=)0-"&)$'")'-0)+#"*'*C)"-.'#$$-6-+#"-)$'=&)%/."-)$0G
! !(#++'0.#+*'#$%'&*+#"-7*+,'.6*#='%*"*.")&0
!<)&*)7*&'[g'g[X'*7*&'=*&5)&(*%'#$'ED'#$$-6-+#"-)$'0*#&.6'*C=*&-(*$"'#"'5-C*%'
"#&;*"n'
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<G'H#;;-'I/+.#$)'8)&906)='23JK

BTF long pulses
[)7G'K"6S'u/$'#"'Jq3'$0A'5+#"'=/+0*A
pqJ3'<*IA'J4'0=&*#%

X$%')5'i^[El

X+*."&)$';/$

8l<'#"'YLa'"#&;*"

!aqe'.&,0"#+'0-;$#+
!aqe'.&,0"#+'0-;$#+0'"-(*'%-0"&-M/"-)$

! E$.)&# Å $*.*00#&-) %*+'+#7)&) %-')""-(-RR#R-)$* %*+'
i^[El'#++) 0.)=) %-')""*$*&* -+ (-;+-)& =)00-M-+* 1+",'K
-$'*$*&;-# *'s %-'.)$0*;/*$R# s /$'-(=/+0) =-Ç =-#"") 0/
/$'-$"*&7#++) "*(=)&#+* =-Ç +/$;) =)00-M-+*

38



Charged particle veto detectors

J3xJ3CJKf'((d 0.-$"-++#")&'&*#%')/"'M,'0-+-.)$'m6)")(/+"-=+-*&0
! E++'0.-$"-++#")&'M#&0'K,>)0,",K
! B*0-;$')5'"6*'(*.6#$-.0'",'K3

! m&)")",=*')5'"6*'(*.6#$-.#+'#00*(M+,'",'K3
! m&)")",=*'*+*."&)$-.0'=&)")",=*'",'K3

! L*0"]M*#('-$'E=&-+'")'(*#0/&*'*55-.-*$.,'#$%'"-(*'&*0)+/"-)$
! H*#%])/"'M,'0#(*'%-;-"-R-$;'0,0"*('#0'.#+)&-(*"*&'O",'K3P
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Dark sector search priorhedron©

<G'H#;;-'I/+.#$)'8)&906)='23JK

B,'C *2"4-(
])
(=
2 ED'-$7-0-M+*'%*.#,0

Eim0 EC-)$0

j,
'0
3 Y]i'.)/=+-$;0

m&)")]=6)M-.'Oh]p**P

8^<m0
I-0-M+*'/$-7*&0#+'ED'%*.#,0

O**A µµA'.. NP

!'"C$1,?24"$?4A+>)-($+")4"
6
!
+"
)4
"

É[*#+'8*-$*&'"6#$90'5)&'"6*'-$0=-&-$;'"#+9

! X#&+,'ED'0*#&.6*0'-$0=-&*%'M,'0"&)$;'=&-)&0S
! @*#7,'%#&9'(#""*&''ED'"6*'+-;6"*0"'%#&9'0*.")&'0"#"*
! ED'.)/=+-$;'")'5*&(-)$0'/$-7*&0#+n

! ^"D0'$):'"-(*'")'"#9*'#'0"*='M#.9'-$'"6*'=&-)&0'#$%'*C=+)&*'#':-%*&'=#$)&#(#
! E$,'%#&9'(#""*&'(#00'$)'=&*Q/%-.*')$'"6*'.)/=+-$;'")'5*&(-)$0
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