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Dark Sector extension to SM
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Production mechanisms 
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PADME Technique
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PADME Sensitivity
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𝐈𝐧𝐯𝐢𝐬𝐢𝐛𝐥𝐞 𝐀′ → 𝝌𝝌

V𝐢𝐬𝐢𝐛𝐥𝐞 𝐀′ → 𝒆+ 𝒆−

Credit to Luc Darmé
FFF 2021

MA <  23 .7  
MeV /c 2

𝜀2 >  5  x  10 -6

4  x  10 13 P O T

V IS IB L E  C H A N N E L IN V IS IB L E  C H A N N E L

https://agenda.infn.it/event/25299/contributions/127685/attachments/78132/100857/ProspectsLNF2.pdf


PADME Outline
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Dark Photon Signal
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one   a nd  no  in  tim e  a c tiv ity  in  the  de te c tors

𝒆+𝒆− → 𝑨′𝜸



Background: 

Bremmstrahlung
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𝒆+𝑵 → 𝒆+𝑵 𝜸



Background: annihilation
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one  (o r two)   not in  de te c tor a c c epta nc e
 =  0 .15mb  @  E  >  1MeV

𝒆+𝒆− → 𝜸𝜸(𝜸)



()



Visible decay
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le p ton  pa ir de te c te d  in  the  s pe c trome te r
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e le c trons

the  a c c e le ra tor c omple x  of IN F N  F ra s c a ti N a tiona l 
L a bora torie s

• Energy: up to 550 MeV – 1%  s pre a d
• B unc h  s pa c ing : 50  H z
• In te ns ity : 1  ÷ 25x10 3 e + /bunc h
• B unc h  le ng ht: 10  ÷ 200  ns
• B eam  s pot: σx y ~  1  mm
• D ive rg enc e : ~  1  mra d

Danilo Domenici – ICNFP – 1.9.2021



the PADME Detector
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a PADME Picture
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Diamond Active Target
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a nn ih ila tion  ta rg e t
prov ide s  s ing le  bunc h  X Y  

profile
prov ide s  beam  multip lic ity

20x 20x 0 .1  mm 3 pC V D  
s e ns or

16+ 16  X Y  g ra ph ite  s trips
1  mm  p itc h

60 µm c ha rg e  c e tro id  
re s o lution

10%  in te ns ity  mea s urement



Charged Particle Veto
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H E P  ve to  (1 6  ba rs )

bremm s tra h lung  s uppre s s ion
de te c tion  of v is ib le  de c a ys p la s tic  s c in tilla to rs  ba rs

10 x 10x 178  mm 3

W L S  fibe r +  3x 3  mm 2 S iP M
700  ps  tim e  re s o lution

2%  momentum  re s o lution
P  ve to  (9 0  ba rs )E  ve to  (9 6  ba rs )



Electromagnetic Calorimeters
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616  s c in tilla ting  B G O  c ry s ta ls  21×21×230  

mm 3

P MT  re a dout
σE/E =  2 .7%  a t 490  MeV

B G O  de c a y  tim e  =  300  ns
R a d ia tion  le ng th  =  20 .5  X 0

SAC – S ma ll A ng le  C a lorime te r
25  C he renkov  P bF 2 c ry s ta ls  30×30×140  

mm 3

P MT  re a dout
P bF 2  s ig na l tim e  =  3  ns
T im e  re s o lu tion  =  86  ps

R a te  c a pa b ility  =  40  c lus te r/bunc h

E C A L



Beam Monitors
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s e ns or U P S T R E AM  - MIMO S A
Monolitic  p ix e l tra c ke r in  va c uum

19 .9 x 19 .2  mm 2 s e ns or a re a
960x928  p ix e l a rra y

20.7 µm pitch – 0 .9  m illion  p ix e ls
Single point resolution= 3 µm

Readout time = 200 µs

D OWN S T R E AM  - T IME P IX
2x6  ma trix  of 14x14  mm2  

T im ep ix 3
0.13 µm C MO S  te c hno log y

256x256 pixel matrix, 55x55 µm2



Data Taking
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R un1  P O T  v s  T im e

C hris tm a s
s hu tdown

P rim a ry
B e am

N pot/da y  =  0 .9 x 10 11

R UN 1 (Oct 18 – F eb  19 )
7x 10 12 P O T

RUN2 (Sep 20 – D ec  20 )
5 .6 x 10 12 P O T

R un2  P O T  v s  T im e



Beamline Characteristics
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RUN1 – S e c onda ry  
B eam

250 µm B e  window
545  MeV

25kP O T  / 250  ns  
bunc h

RUN1 – P rima ry  B eam
250 µm B e  window

490  MeV
25kP O T  / 250  ns  

bunc h

RUN2 – P rima ry  B eam
125 µm My la r window

430  MeV
28kP O T  / 280  ns  

bunc h



Positron Bremmstrahlung
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beam  ba c kg round  mea s ured  w/o  ta rg e t
a nd  s ubtra c ted
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a g re ement with  s im u la tion  a nd  a na ly tic a l 

c a lc u la tion

s y s tem a tic  unc e rta in tie s  dom ina te d  by  
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Beamlines Comparison
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PADME preliminary

July 2019, Run1

PADME preliminary

July 2020, Run2

photon  ene rg y  in  c a lo rim e te r
+

e +  ene rg y  c omputed  by  P V e to  
pos ition

(in  tim e  with in  1ns )

much cleaner distribution 
evident in Run2

enlarged 
scale



Calorimeter Performance
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E ne rg y  re s olution
σ

E
/E= (2.62 ± 0.05)% @  490  MeV

in  1  P O T /bunc h  c a lib ra tion  run

P ADME

T e s tbe am  s m a ll 
prototype

J IN S T  15  (2 020 )  no .10 ,  T 10003

Multih it re c ons truc tion
in  1  P O T /bunc h  c a lib ra tion  run

T ime  re s olution
σ

t
~ 1 ns

for photons > 100 MeV

N e + =  1 .18  ± 0 .22  
/bunc h



SM Signal Analysis
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Run3: hunt to X17
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B T F
2 P A D ME  R un3  (S p ring -S ummer 

2022 )
s e a rc h  fo r X 17  in  re s ona nt 

produc tion  with  282 .7  MeV  e + beam  
a nd  e + e – de c a y

B T F
1

D umping  
R ing s

4H e  a noma ly  (2 1  MeV  to  
G S )

8B e  a noma ly  (1 8  MeV  to  
G S )

m X = 16 .84  ± 0 .16 (s ta t)  ± 0 .20 (s y s t)  MeV
ΓX =  3 .9  × 10 −5 eV

P R L  116 , 052501  (2 016 )   

Phys. Rev. D97 (2018) 095004



Conclusions
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B T F
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B T F
2

D umping  
R ing s

PADME has started to explore the Dark Sector

Run1 (2019) has been very fruitful to understand

and optimize the positron beam

Run2 (2020) clean data sample is under analysis to 

give first physics results

Run3 (2022) will be devoted to the hunt of the 

hypothetical X17 boson from Be anomaly


