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e Dark vector - are probed by current and near future
experiments. The bounds can be easily recasted to a
given model.

o Current PrimEx like experiment can probed unexplored
parameter space of ALP.

e Hadronic rates of ALP and vector can be estimated in a
data-driven methods based on e*e- data.
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DARK PHOTON SIGNAL
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e real time data analysis (trigger-less) for Run 3

e particle identification
e muons detection:

e dimuon invariant mass (m,,) resolution:

o 4 MeV, m, <1 GeV
o 0.4% myuy, my>1 GeV

o time resolution: 0~501s (almost constant in proper lifetime)
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mA’ Ilten, YS, Thaler, Williams, Xue,
21 PRL 1603.08926



SIGNAL AND BACKGROUNDS

prompt e

short lifetime

s
: A’
larger ¢ 5

-
“o00d” backgrounds _ «,, 4~

Sar X Bem Sar & Bem
y %H + meson decays misidentified hadrons
y~ Drell-Yan (pions, kaons)

displaced  p=———> Y ¢———7
long lifetime A’
smaller & . / backgrounds
H U~ heavy flavor (b,c) decays

Ilten, YS, Thaler, Williams, Xue,
21 PRL 1603.08926



PROMPT BACKCKOUNDS

o misidentified plons
Tt ' 1sid ified Ex =103
e b - two pions are misidentifie T
e BT - one pion is misidentified and one real muon

e Bgpr- Bethe-Heitler background, subdominant due to small

photon luminosity function YV ::::I: -
) ur

Bprompt = By + Brsr + Bpy + BrmSID oF BmlsID
D—— e ——— \——/

BEM m1sID

IIgOOdII llbadll

. does not
scales as signal

scale as signal

2.



PROMPT BACKGROUNDS

subtractmg fake pions by using the same- sign Sample

T n:l:(n:I: o, 1)

T et T A~

n}T & 2¢/nin"T ~nll +nlT
e YR s P 5
A =

number of same(opposite)

sign events per bin
N N SN

generalize to all bins and for one fake: . 7 -
Mol N

Bitip H Bean o Nt N
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LHCB RESULT WITH 2016 DATA

S
—
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Q_
U‘_
-
S

/ Ipromf)t—likle sa:m]gl)lel
' 0 Iy Y Y pr(p) > 1GeV, p(p) > 20 GeV
] wtw
0 Z

>
B
||
~
(V)
2

[N
o
B [0 =)} N

[
@)
(O8]

Candidates / o[m(uu)]/ 2

10° 10% 10°
m(pp) [MeV]

LHCb, 1710.02867
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LHCB RESULT WITH 2016 DATA

90% CL exclusion regions on [m(A’), €]
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LHCB RESULT WITH 2016 DATA

90% CL exclusion regions on [m(A’), €]

0

W

short 107 WLLM-M
lifetime 10°° ' s

1077
107

LHCb

long 107
lifetime 107"
10—1 1

10—12

- Previous Experiments

1 10

m(A") [GeV |

D*—DA’, A\—ete”

I[lten, Thaler, Williams, Xue,
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DARK PHOTON

POF i ol A g Sty TS L NS r Wt P B TE P emyde e S o<y R G RN W s D20 . eonidie DA pal B NN A T e - il 0 . — s C. - e L
- £ .v’. 3 ot . > - % g .-‘ -‘. ?._7 “ R » ,_.f'.l ,-a.ﬁ - A -'v A3 ~"‘)_"‘-‘. 902 o A a " 4 £ ol

1073

107 —
107 _

107

electron beam dump  pp collider
proton beam dump meson decays

ete- collider
26 Ilten, YS, Williams, Xue, 1801.04847



e pre-module:

e Main backgrounds: b— cut X, c—= u* Y
o 10000 background events per mass bin
e post-module:

o mostly material interactions, rescaled from Ks— u*u-
search

o 25 background events pre mass bin
e backgrounds from misidentifications are subdominants
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? Gy decay volume
G t1 =to(1+ Ldec/Lsh)  shielding

approximate upper edge @) ~ 7w

TX TA

approximate lower edge  [2fxr] joaBeor)

QXI
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PRIMAKOFF ALP PRODUCTION

photon on fixed target
C
y U
geff — KCZF’M F/“/

29 Aloni, Fanelli, YS, Williams, work in progress



PRIMAKOFF ALP PRODUCTION

photon on fixed target 7~~~ ----- a
P o= L W
— L GFWF . o
eff AA 7 . data driven signa

estimation

29 Aloni, Fanelli, YS, Williams, work in progress



PRIMAKOFF ALP PRODUCTION

photon on fixed target 7~~~ ----- a

C
}/ ~
Z eff = AN al*F Uv ; data driven signal
Y : :
estimation
N N

PrimeEx,1009.1681
~ 5GeV

% . 12Ctarget

E% 400 j

A 0=2.3MeV

i G

0 I ] ’\“’\’P oy S ol Lot 1o
100 110 120 130 140 150 160 170

My (MeV) 29 Aloni, Fanelli, YS, Williams, work in progress



PRRIMAKOFF ALP PRODUCTION

photon on fixed target 7~ ----- a

C
LT KU i ?
Z eff — AA aF F ¢ data driven signal
: estimation
N N
PrlmeEx 1009 1681
‘ -1 _
600 - ‘ 7 S' 10 E ;
I 5 GeV : 9 B PRIMEX-T C (one bin, plot in PRL) |
500 ] = 1072 & LEP —=
> : %G target : -
S 40 - |
g 7 0=23 MeV 10_3 EJ’/_-’_‘ PriMExX-I Pb =
?’J I | .:-./\ PrIMEX-T C E
= 300 3 - PRIMEX-II C 7
g) B PrRIMEX-II Si 1
S 1074 E
200 |- = .
100 ; 10—5 i I R B (AR A NN NN SRR SR A S N R S N SR SR B |
’ 0.1 0.2 0.3 04 0.5
'f'"f"""""'f ! 1777 postanl o .1 myq [GGV]

0100 110 120 130 140 150 160 170

Myy (MeV) 29 Aloni, Fanelli, YS, Williams, work in progress



PRRIMAKOFF ALP PRODUCTION

photon on fixed target 7~~~ ----- a
C
Z eff — _aF WF ; data driven signal
4A Y i
estimation

N N
PrlmeEx 1009 1681
— —. 107" =
600 - i =~ =
5 GGV | 9, PRIMEX-T C (one bin, plot in PRL) |

500 ] = 1072 LEP —=
% : 2C target :
S 400 - 3
! 6=23MeV | 10 = ol ph | D
; i i _:__/ PrRIMEX-I C E
T 300 g - PRIMEX-IT C I
g) B PrIMEX-II Si 1
= 200 £ 10_4 g_ _§
~ GlueX : E,~10GeV :
100 - 10—5 | 1 1 1 1
i O 1 O 2 0 3 0.4 0.5
hmlllm'ﬂ mg [GGV]

\\\\\ [P 0 e R e T . L PO DO PV
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My (MeV) 29 Aloni, Fanelli, YS, Williams, work in progress




