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if the Standard Model is so successful,
why do we look for new physics?
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other possibilities: ALP, Higgs, fermion
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DARK PHOTON-KINETIC MIXING

portal between the standard model and dark matter

SM dark
“““"@““““matter
(kmetlc mixing)
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2 HU Holdom, 86’

electromagnetic process dark photon process
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+ mass effect

ma=0 (ma=>0)



dark photon searches
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SIGNATURES AND EXPERIMENTS

short ) prompt g
live a
2
50 W,
k= invariant mass
% invisible collider:
v — i B-tactories
Zots LHCb/ATLAS/CMS
P KLOE
l long
live displaced rare decays:
mass NA48, NA62
beam-dump: B-factories, LHCD,
E774, NA64, E141, KE, Orsay, E137, Mu3e

NOMAD, P5191, nuCAL, FASER
bxed target:

HPS, PrimEx, GlueX
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the canonical dark

photon model - AO My, € free parameters
(no invisible decays) \

equivalent for coupling

generic vector resonances - X

Z C gy, xffy”fXﬂ+! Ly

/ 7 \
/ X - dark matter interaction

A (invisible decays)
assumptions for recasting:
* only vector coupling

* the dark photon, A’, bounds are given
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BEYOND THE DARK PHOTON MODEL
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coupling

from dark photon to generic model A’ — X
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coupling

BEYOND THeE DARK PHOTON MODEL

from dark photon to generic model A’ — X

recasting by solving

TSN
prompt X ox(m, gx) BRy_, z(m) e(zx(m, gx)) 1

o1, g4) BRy_ 5(m) e(t,(m, g4))
displacec .
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coupling

BEYOND THE DARK PHOTON MODEL
A = X

ox(m, gx) BRy_ z(m) e(ty(m, gx)) 72

oadm, g4) BRy_ (m) e(zy(m, g4))

BRA’—xoff(m) GA’(ma gA’) 8(TA’(m9 gA’))
BRy_, o(m) : ox(m, gx) : e(Tx(m, gx))
X

X

1



branching ratio
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for leptons and quarks (mx > 2GeV)

mg  @,=1,1/2,3 for £,u, q
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perturbative: Iy z=

2 2 2
Cgf(gxxf) A zﬁ \/1 5 4& xp = the charge of f

195 A m32)

for leptons and quarks (mx > 2GeV)

mg  @,=1,1/2,3 for £,u, q

mx < 2GeV X to hadrons? use data!
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RATIOS OF BRANCHING RATIOS

G (gvxp)” m? m?
perturbative: Tyj=————my 1+2—= 1/1-4— I Chaee 0l

X
12z my ) Mg @,=1,1/2,3 for £,u, g
for leptons and quarks (mx > 2GeV)

mx < 2GeV X to hadrons? use data!

o(ee — hadrons)

o(ee — pp)

for A’ 1—‘A’—>hadrons 7 FA’—>/,¢+M—<%ﬂ(mA’) %ﬂ(mA/) —
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RATIOS OF BRANCHING RATIOS

G gy Xs)* m? m?
oerturbative: Tyog=————my 1+2— 4/1-4—  x=thechargeof f

X
12z my ) Mg @,=1,1/2,3 for £,u, g
for leptons and quarks (mx > 2GeV)

mx < 2GeV X to hadrons? use data!

o(ee — hadrons)

o(ee — pp)

for A’ 1—1A’—>hadrons 7 FA’—>/,¢+M—‘%/4(mA’) %ﬂ(mA’) =

fos g it “mix” with measured vector meson “currents” in ee
* both X and current have U(3) quantum numbers Qxand Ty
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RATIOS OF BRANCHING RATIOS

it “mix” with measured vector meson “currents” in ee
* both X and current have U(3) quantum numbers Qxand Ty

- F(m) = {2TH[T, Oy 12 R (m)
L s =gIXTﬂX | ‘%)‘é(mx)‘kg?;-qb(mx)] Rm) = {6Tr[T,0x]}> R0 (m)
: R (m) = {3V/2Tr[T, 041 2R

13



RATIOS OF BRANCHING RATIOS

for X- ¢ “mix” with measured vector meson “currents” in ee
* both X and current have U(3) quantum numbers Qxand Tv

- F(m) = {2TH[T, Oy 12 R (m)
L s =gIXTﬂX | ‘%)‘é(mx)*'%;-qb(mx)] Rm) = {6Tr[T,0x]}> R0 (m)
: R (m) = {3V/2Tr[T, 041 2R

F = hadrons
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RATIOS OF BRANCHING RATIOS

for X- ¢ “mix” with measured vector meson “currents” in ee
* both X and current have U(3) quantum numbers Qxand Tv

RO (m) = {2Tr[T,0x]}>R2(m)
8)2(mX - o :

T «%E(mx>+%§'¢(mx)] Fm) = (6Tr[T,, 041} R(m)
2 FRU(m) = {3/ 2TH[T, 041 R
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2
electron-beam Breamsstrhlung, Oczsezx _ Octe—oXy  (8x%.)

ee annihilation O 7 g 05 —aae= i (ee)

15



RATIOS OF PRODUCTION

electron-beam Breamsstrhlung,
ee annihilation

proton-beam Breamsstrhlung
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RATIOS OF PRODUCTION

2
electron-beam Breamsstrhlung, Ooz—ezx _ Cere—Xy _ (8x%.)
(e€)?

ee annihilation Oz 70 00—

Opz—pzX gx(2x, + x,)°

proton-beam Breamsstrhlung :
0n7—pZA’ (e€)
ODY->X 04.q,~v* 04.q,—~X
Drell-Yan |
ODY A’ [ 0DY->y*] o - o]
= 1_,,,,,,, ql lql
= 08‘j$ 7 | s ! . relative fraction
(from MC)

9(gqui)2 ¢ 1/4 forq;,=u,c
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RATIOS OF PRODUCTION
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mixing with Bright-Wigner
U(3) QN
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RATIOS OF PRODUCTION

2

fiiiz  (ee)? :
v O S T T T T, QIBW (my)|

%
e e ‘ ZVTr[TPQTV]Tr[TVQX]BWV(m)‘

2,
3, THT,QT ITH T, QIBW y(m)|

: (x,—x;)* forV=np,
X — Vmixing : = X 4 9(x, +x,)* forV=uw,
Ox2 for V= ¢,
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efficiencies
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sighature
e(7y)
invisible ~ 1
prompt | — e
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e(ty) = 1

fl — fo(l + LdeC/LSh)

81%1ax€ |74 ’(8r%1ax)] = gr%line [74 ’(griin) J
(finding average boost)
LHCDb provide expected limits
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DARK PHOTON
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see also https:/ / gitlab.com / philten /darkcast 20 liten, YS, Williams, Xue, 1801.04847
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PROTOPHOBIC GAUGE BOSON
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BEYOND THeE DARK PHOTON MODEL

.~ 4 & A,v.;‘-'

assuming dominant invisible decay
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see also https:/ / gitlab.com / philten /darkcast 24 liten, YS, Williams, Xue, 1801.04847
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e DarkCast - is a simple tool to calculate
branching ratios, width and recasting!

e Axion like particle addition - in progress

e Suggestion and request are very welcome!
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BACKUP SLIDES
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BEYOND THeE DARK PHOTON MODEL

from dark photon to genericmodel A" — X

recasting from model A" to model X by solving
oM, 84) BRy . 5(m) (7, (m, 84,)) = ox(m, gx) BRy_, z(m) e(z(m, g))
for a given mass and couplings
8x = f(ma gA’)
calculate three ratios

BR, . g(m) oux(m,gs)  e(ts(m,gy))

BRy_, z(m) : ox(m, gx) : e(tx(m, gx))
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LHCB RESULT WITH 2016 DATA
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LHCB RESULT WITH 2016 DATA
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LHCB RESULT WITH 2016 DATA

90% CL exclusion regions on [m(A’), €]
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? Gy decay volume
G t1 =to(1+ Ldec/Lsh)  shielding

~

(1) = e /7

2 24 2
€max® [TA’ (gmax)] — €min€ [TA’ (amin)]

approximate upper edge @) ~ 7w

approximate lower edge  [2fxr] joaBeor)

T i A
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