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Our U(1) model differs from previous work in that it displays a nontrivial gauge spectrum with the possibility of a 
(un)gapped continuum or discrete modes   

Unbroken and broken gauge fields in AdS and flat extra dimensions have been studied before

Not an unfamiliar effect, appears in soft wall models

Models where hidden sector states interact through a higher dimensional mediator have been of interest in recent 
years (Warped Dark Sector)

Dark sectors often contain a small number of low mass states which mediate interactions

An alternative limit is when dark sector interactions are mediated by a continuum of states

This may occur if the mediator is part of a conformal sub-sector or, as in this work, if the mediator is a higher 
dimensional field in an appropriately warped spacetime
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U(1) Gauge Boson in AdSd+1 Background
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z = R = 1/k

Location of UV Brane

AdS Curvature

We consider a U(1) gauge boson which propagates in an AdS background

The symmetry is spontaneously broken by the vev of a bulk scalar which develops as the result of a potential 
localized to the UV brane

We neglect the effect of the back reaction on the geometry 
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Bulk and Boundary Action
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Must also include gauge fixing for the brane and bulk
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Spontaneous Symmetry Breaking
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UV brane localized potential induces a z-dependent vev for the bulk scalar

Results in a z-dependent bulk mass for the first d components of the bulk gauge boson: 
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Bulk Mass Parameter for Scalar
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Degrees of Freedom
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d component gauge boson:

Radial mode:

Goldstone boson:
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Vector Propagator and Spectral Density

7ichaf001@ucr.edu Phenomenology 2022

<latexit sha1_base64="0A3VCExUdmdlbZfKcAAcxnoAiow="></latexit>

Gp(R,R) =
g2d+1

BG(p2) + ⌃(p2)

<latexit sha1_base64="q/Tcxcv5nD8VZUOG28WXIrVzwRE="></latexit>

⇢T (p
2) = �2Im [Gp (R,R)]

Boundary 
conditions

Transverse Spectral Density

Gauge Boson 
Bulk Profile

Phenomenology is largely determined by the UV brane-to-brane propagator

Landscape of solutions depends on the bulk mass parameter
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Landscape of Solutions
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Holographic self-energy not solvable in general but can be found for various values of 
the scalar bulk mass parameter
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Profile peaks at the UV brane and only affects boundary conditions

Constant vev resulting in a gapless continuum

Gapped continuum characterized by gauge boson bulk mass

<latexit sha1_base64="j726DnYD80tAyjR20z6Cx8r5DG0=">AAACB3icbVDLSsNAFJ34rPUVdSlIsAh1U5JS1I1QdOOyPvqAJobJdNIOnTyYuRFq7M6Nv+LGhSJu/QV3/o3TNgttPXDhcM693HuPF3MmwTS/tbn5hcWl5dxKfnVtfWNT39puyCgRhNZJxCPR8rCknIW0Dgw4bcWC4sDjtOn1z0d+844KyaLwBgYxdQLcDZnPCAYlufqezakPJfuadQNcjG/Lh7Zg3R48uOn96dXQ1QtmyRzDmCVWRgooQ83Vv+xORJKAhkA4lrJtmTE4KRbACKfDvJ1IGmPSx13aVjTEAZVOOv5jaBwopWP4kVAVgjFWf0+kOJByEHiqM8DQk9PeSPzPayfgnzgpC+MEaEgmi/yEGxAZo1CMDhOUAB8ogolg6laD9LDABFR0eRWCNf3yLGmUS9ZRqXJZKVTPsjhyaBftoyKy0DGqogtUQ3VE0CN6Rq/oTXvSXrR37WPSOqdlMzvoD7TPH2dVmQk=</latexit>

⌃(p2)
��
z=R

<latexit sha1_base64="RpQiVJmeQF7rm8uJqSLP8SOLVLM=">AAACPXicbVA7T8MwGHTKq5RXgZHFokIqQ6ukqoCxggWJpaC+pDZEjuu0Vh0n2A5SFeWPsfAf2NhYGECIlRW3zVBaTrJ0urtPn79zQ0alMs1XI7Oyura+kd3MbW3v7O7l9w9aMogEJk0csEB0XCQJo5w0FVWMdEJBkO8y0nZHVxO//UiEpAFvqHFIbB8NOPUoRkpLTr5R6skHoeJSeF9JYM8TCMc3Tjwj/SSuJKVKUpzL3J0miwFrMeDkC2bZnAIuEyslBZCi7uRfev0ARz7hCjMkZdcyQ2XHSCiKGUlyvUiSEOERGpCuphz5RNrx9PoEnmilD71A6McVnKrzEzHypRz7rk76SA3lojcR//O6kfIu7JjyMFKE49kiL2JQBXBSJexTQbBiY00QFlT/FeIh0r0oXXhOl2AtnrxMWpWydVau3lYLtcu0jiw4AsegCCxwDmrgGtRBE2DwBN7AB/g0no1348v4nkUzRjpzCP7A+PkFZO+vVQ==</latexit>
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<latexit sha1_base64="DGtakWxSQ9E9ROzfiLwsx8xXslo="></latexit>
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<latexit sha1_base64="9kUD1s7Gl1YTLElCgJHAilpZfZs="></latexit>
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vev dominates in the IR and induces discreet modes

<latexit sha1_base64="9WeAMhS4Ac7KHquLCrRJXMYaUzA="></latexit>
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<latexit sha1_base64="hLlvqarmdKF/wfF0BE5rjOY9HS4=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ9OKxgv2ANpTJdtMu3Wzi7kYooX/CiwdFvPp3vPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFWUNGotYtQPUTHDJGoYbwdqJYhgFgrWC0e3Ubz0xpXksH8w4YX6EA8lDTtFYqd1FkQzx2u2VK27VnYEsEy8nFchR75W/uv2YphGThgrUuuO5ifEzVIZTwSalbqpZgnSEA9axVGLEtJ/N7p2QE6v0SRgrW9KQmfp7IsNI63EU2M4IzVAvelPxP6+TmvDKz7hMUsMknS8KU0FMTKbPkz5XjBoxtgSp4vZWQoeokBobUcmG4C2+vEyaZ1Xvonp+f16p3eRxFOEIjuEUPLiEGtxBHRpAQcAzvMKb8+i8OO/Ox7y14OQzh/AHzucPgpGPog==</latexit>

↵ = 0
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<latexit sha1_base64="9kv35hZk7NMV/9dUfcM64/04rDU=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4se6Wol6EohePFewHdJeSzWbb0Gw2JFmhlP4NLx4U8eqf8ea/MW33oK0PBh7vzTAzL5ScaeO6387K6tr6xmZhq7i9s7u3Xzo4bOk0U4Q2ScpT1QmxppwJ2jTMcNqRiuIk5LQdDu+mfvuJKs1S8WhGkgYJ7gsWM4KNlXwfcznAN9FF9dzrlcpuxZ0BLRMvJ2XI0eiVvvwoJVlChSEca931XGmCMVaGEU4nRT/TVGIyxH3atVTghOpgPLt5gk6tEqE4VbaEQTP198QYJ1qPktB2JtgM9KI3Ff/zupmJr4MxEzIzVJD5ojjjyKRoGgCKmKLE8JElmChmb0VkgBUmxsZUtCF4iy8vk1a14l1Wag+1cv02j6MAx3ACZ+DBFdThHhrQBAISnuEV3pzMeXHenY9564qTzxzBHzifP5P5kL0=</latexit>

↵ = d/2� 1

<latexit sha1_base64="bP/4pjb4QF6ELcrMf7eNnDcBZjs=">AAAB8XicbVBNS8NAEJ34WetX1aOXYBE81aQU9SIUvXisYD+wDWWy2bRLN5uwuxFK6L/w4kERr/4bb/4bt20O2vpg4PHeDDPz/IQzpR3n21pZXVvf2CxsFbd3dvf2SweHLRWnktAmiXksOz4qypmgTc00p51EUox8Ttv+6Hbqt5+oVCwWD3qcUC/CgWAhI6iN9NhDngzxOjiv9ktlp+LMYC8TNydlyNHol756QUzSiApNOCrVdZ1EexlKzQink2IvVTRBMsIB7RoqMKLKy2YXT+xTowR2GEtTQtsz9fdEhpFS48g3nRHqoVr0puJ/XjfV4ZWXMZGkmgoyXxSm3NaxPX3fDpikRPOxIUgkM7faZIgSiTYhFU0I7uLLy6RVrbgXldp9rVy/yeMowDGcwBm4cAl1uIMGNIGAgGd4hTdLWS/Wu/Uxb12x8pkj+APr8we0j5BL</latexit>

↵ = d/2

<latexit sha1_base64="+rIllwy3bmVFdvhr/ec667LGXLs=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4qkkp6rHoxWMF+wFNKJvNJl262cTdTaGE/g4vHhTx6o/x5r9x2+agrQ8GHu/NMDPPTzlT2ra/rbX1jc2t7dJOeXdv/+CwcnTcUUkmCW2ThCey52NFORO0rZnmtJdKimOf064/upv53TGViiXiUU9S6sU4EixkBGsjeS7m6RC7UYSCy/qgUrVr9hxolTgFqUKB1qDy5QYJyWIqNOFYqb5jp9rLsdSMcDotu5miKSYjHNG+oQLHVHn5/OgpOjdKgMJEmhIazdXfEzmOlZrEvumMsR6qZW8m/uf1Mx3eeDkTaaapIItFYcaRTtAsARQwSYnmE0MwkczcisgQS0y0yalsQnCWX14lnXrNuao1HhrV5m0RRwlO4QwuwIFraMI9tKANBJ7gGV7hzRpbL9a79bFoXbOKmRP4A+vzB8ffkXY=</latexit>

↵ � d/2

<latexit sha1_base64="4WAxWt3td73njjv5a3PP4t+aVIs=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBC8GHdDUA8egl48RjAPSJbQOzubDJl9ODMbCCHf4cWDIl79GG/+jZNkD5pY0FBUddPd5SWCK23b39bK6tr6xmZuK7+9s7u3Xzg4bKg4lZTVaSxi2fJQMcEjVtdcC9ZKJMPQE6zpDe6mfnPIpOJx9KhHCXND7EU84BS1kdwOiqSPN8S/KJ873ULRLtkzkGXiZKQIGWrdwlfHj2kaskhTgUq1HTvR7hil5lSwSb6TKpYgHWCPtQ2NMGTKHc+OnpBTo/gkiKWpSJOZ+ntijKFSo9AznSHqvlr0puJ/XjvVwbU75lGSahbR+aIgFUTHZJoA8blkVIuRIUglN7cS2keJVJuc8iYEZ/HlZdIol5zLUuWhUqzeZnHk4BhO4AwcuIIq3EMN6kDhCZ7hFd6sofVivVsf89YVK5s5gj+wPn8A6yiQ5g==</latexit>

↵ < d/2� 1

Profile peaks at the UV brane and only affects boundary conditions

Constant vev resulting in a gapless continuum

Gapped continuum characterized by gauge boson bulk mass

<latexit sha1_base64="XFsIC20PxxLODFBQCU2ZrXoDJbs="></latexit>
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<latexit sha1_base64="TEdCu1QMi8x8yTuXAc3c0UmDPGA="></latexit>
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<latexit sha1_base64="p1F2xgK0xstoP1zvgUb7/nQ5/lA="></latexit>
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<latexit sha1_base64="ZihPaKA0lnaN3JTe17yViuNn+X4=">AAACAXicbZDLSsNAFIYn9VbrLepGcDNYBFclkaIui25cVrEXaEKZTCft0MkkzJwIJdaNr+LGhSJufQt3vo3TNgtt/WHg4z/ncOb8QSK4Bsf5tgpLyyura8X10sbm1vaOvbvX1HGqKGvQWMSqHRDNBJesARwEayeKkSgQrBUMryb11j1TmsfyDkYJ8yPSlzzklICxuvaBJ1gIDzjBnuL9gaFb7AmB3a5ddirOVHgR3BzKKFe9a395vZimEZNABdG64zoJ+BlRwKlg45KXapYQOiR91jEoScS0n00vGONj4/RwGCvzJOCp+3siI5HWoygwnRGBgZ6vTcz/ap0Uwgs/4zJJgUk6WxSmAkOMJ3HgHleMghgZIFRx81dMB0QRCia0kgnBnT95EZqnFfesUr2plmuXeRxFdIiO0Aly0TmqoWtURw1E0SN6Rq/ozXqyXqx362PWWrDymX30R9bnD+XhleQ=</latexit>

|p|R ⌧ 1
<latexit sha1_base64="HgMIcV8fP8DF2Wg3IKoO+FLJPaI=">AAACCHicbVC7SgNBFJ31GeMramnhYBCswm4Iahm0sVQwJpANYXZyNw6ZnV1n7oph2dLGX7GxUMTWT7Dzb5w8Co0eGDiccy93zgkSKQy67pczN7+wuLRcWCmurq1vbJa2tq9NnGoODR7LWLcCZkAKBQ0UKKGVaGBRIKEZDM5GfvMOtBGxusJhAp2I9ZUIBWdopW5pzw8141kvz6o59RXcUh/hHjOhEPqg826p7FbcMehf4k1JmUxx0S19+r2YpxEo5JIZ0/bcBDsZ0yi4hLzopwYSxgesD21LFYvAdLJxkJweWKVHw1jbp5CO1Z8bGYuMGUaBnYwY3phZbyT+57VTDE86NlSSIig+ORSmkmJMR63QntDAUQ4tYVwL+1fKb5htBm13RVuCNxv5L7muVryjSu2yVq6fTusokF2yTw6JR45JnZyTC9IgnDyQJ/JCXp1H59l5c94no3POdGeH/ILz8Q2DS5pP</latexit>

d

2
6= integer

<latexit sha1_base64="j726DnYD80tAyjR20z6Cx8r5DG0=">AAACB3icbVDLSsNAFJ34rPUVdSlIsAh1U5JS1I1QdOOyPvqAJobJdNIOnTyYuRFq7M6Nv+LGhSJu/QV3/o3TNgttPXDhcM693HuPF3MmwTS/tbn5hcWl5dxKfnVtfWNT39puyCgRhNZJxCPR8rCknIW0Dgw4bcWC4sDjtOn1z0d+844KyaLwBgYxdQLcDZnPCAYlufqezakPJfuadQNcjG/Lh7Zg3R48uOn96dXQ1QtmyRzDmCVWRgooQ83Vv+xORJKAhkA4lrJtmTE4KRbACKfDvJ1IGmPSx13aVjTEAZVOOv5jaBwopWP4kVAVgjFWf0+kOJByEHiqM8DQk9PeSPzPayfgnzgpC+MEaEgmi/yEGxAZo1CMDhOUAB8ogolg6laD9LDABFR0eRWCNf3yLGmUS9ZRqXJZKVTPsjhyaBftoyKy0DGqogtUQ3VE0CN6Rq/oTXvSXrR37WPSOqdlMzvoD7TPH2dVmQk=</latexit>

⌃(p2)
��
z=R

vev dominates in the IR and induces discrete modes
<latexit sha1_base64="9WeAMhS4Ac7KHquLCrRJXMYaUzA="></latexit>
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<latexit sha1_base64="hLlvqarmdKF/wfF0BE5rjOY9HS4=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ9OKxgv2ANpTJdtMu3Wzi7kYooX/CiwdFvPp3vPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFWUNGotYtQPUTHDJGoYbwdqJYhgFgrWC0e3Ubz0xpXksH8w4YX6EA8lDTtFYqd1FkQzx2u2VK27VnYEsEy8nFchR75W/uv2YphGThgrUuuO5ifEzVIZTwSalbqpZgnSEA9axVGLEtJ/N7p2QE6v0SRgrW9KQmfp7IsNI63EU2M4IzVAvelPxP6+TmvDKz7hMUsMknS8KU0FMTKbPkz5XjBoxtgSp4vZWQoeokBobUcmG4C2+vEyaZ1Xvonp+f16p3eRxFOEIjuEUPLiEGtxBHRpAQcAzvMKb8+i8OO/Ox7y14OQzh/AHzucPgpGPog==</latexit>
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For a near-AdS background we consider

<latexit sha1_base64="u7Z3BAhkOjZ6vyyxR7CdwWtlEZs=">AAAB/nicbVBNS8NAEJ3Ur1q/quLJy2IRBKEkpagXoejFYwX7AU0om+2mXbpJlt2NUELBv+LFgyJe/R3e/Ddu2hy09cHA470ZZub5gjOlbfvbKqysrq1vFDdLW9s7u3vl/YO2ihNJaIvEPJZdHyvKWURbmmlOu0JSHPqcdvzxbeZ3HqlULI4e9ERQL8TDiAWMYG2kfvnIxVyMMLpGNXSOXCoU45lesav2DGiZODmpQI5mv/zlDmKShDTShGOleo4ttJdiqRnhdFpyE0UFJmM8pD1DIxxS5aWz86fo1CgDFMTSVKTRTP09keJQqUnom84Q65Fa9DLxP6+X6ODKS1kkEk0jMl8UJBzpGGVZoAGTlGg+MQQTycytiIywxESbxEomBGfx5WXSrlWdi2r9vl5p3ORxFOEYTuAMHLiEBtxBE1pAIIVneIU368l6sd6tj3lrwcpnDuEPrM8fJ1iUWA==</latexit>

↵ = 2 + ✏
<latexit sha1_base64="E5eLsBbqB3eJOxUxComSejlNM3A=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gOaWDbbSbt0swm7G6WU/g8vHhTx6n/x5r9x2+agrQ8GHu/NMDMvTAXXxnW/ncLK6tr6RnGztLW9s7tX3j9o6iRTDBssEYlqh1Sj4BIbhhuB7VQhjUOBrXB4M/Vbj6g0T+S9GaUYxLQvecQZNVZ68DHVXCSS+EIQr1uuuFV3BrJMvJxUIEe9W/7yewnLYpSGCap1x3NTE4ypMpwJnJT8TGNK2ZD2sWOppDHqYDy7ekJOrNIjUaJsSUNm6u+JMY21HsWh7YypGehFbyr+53UyE10FYy7TzKBk80VRJohJyDQC0uMKmREjSyhT3N5K2IAqyowNqmRD8BZfXibNs6p3UT2/O6/UrvM4inAEx3AKHlxCDW6hDg1goOAZXuHNeXJenHfnY95acPKZQ/gD5/MHxBqSCg==</latexit>

✏ ⌧ 1

For an AdS background, the four-momentum in vector propagator scales according to 
the vector bulk mass parameter:

We employ a WKB like approximation to determine the four-momentum scaling the 
holographic self-energy

<latexit sha1_base64="fikJVOeBfMeMYTGOjdMMI+jscG0="></latexit>
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<latexit sha1_base64="faSDe30Buzhglii0DZrlbqMyyzI=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KokU9SIUvXisaD+gDWWzmbRLN5uwuxFK6U/w4kERr/4ib/4bt20O2vpg4PHeDDPzglRwbVz321lZXVvf2CxsFbd3dvf2SweHTZ1kimGDJSJR7YBqFFxiw3AjsJ0qpHEgsBUMb6d+6wmV5ol8NKMU/Zj2JY84o8ZKD+F1tVcquxV3BrJMvJyUIUe9V/rqhgnLYpSGCap1x3NT44+pMpwJnBS7mcaUsiHtY8dSSWPU/nh26oScWiUkUaJsSUNm6u+JMY21HsWB7YypGehFbyr+53UyE135Yy7TzKBk80VRJohJyPRvEnKFzIiRJZQpbm8lbEAVZcamU7QheIsvL5PmecW7qFTvq+XaTR5HAY7hBM7Ag0uowR3UoQEM+vAMr/DmCOfFeXc+5q0rTj5zBH/gfP4AwPmNdg==</latexit>

d = 4
<latexit sha1_base64="siyNkR8P+TJDtfxV+CEjTlIGHRs="></latexit>
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<latexit sha1_base64="GQAuv39uxhWqsVJbKLOfhMef+t4="></latexit>
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We compute the photon propagator exactly by resuming dark photon insertions

<latexit sha1_base64="8LVrqJucQl9xNwsjgr7UF8xAfX0=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUC9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2bssV+qVUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP4+7jMo=</latexit>=
<latexit sha1_base64="G4vzAKUfqBvuBoSMSn1cPbS+Hlo=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnoMevGYgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+6wmV5rF8MOME/YgOJA85o8ZK9YteseSW3TnIKvEyUoIMtV7xq9uPWRqhNExQrTuemxh/QpXhTOC00E01JpSN6AA7lkoaofYn80On5MwqfRLGypY0ZK7+npjQSOtxFNjOiJqhXvZm4n9eJzXhjT/hMkkNSrZYFKaCmJjMviZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv+eVV0rwse1flSr1Sqt5mceThBE7hHDy4hircQw0awADhGV7hzXl0Xpx352PRmnOymWP4A+fzB3RzjLg=</latexit>

+
<latexit sha1_base64="G4vzAKUfqBvuBoSMSn1cPbS+Hlo=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnoMevGYgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+6wmV5rF8MOME/YgOJA85o8ZK9YteseSW3TnIKvEyUoIMtV7xq9uPWRqhNExQrTuemxh/QpXhTOC00E01JpSN6AA7lkoaofYn80On5MwqfRLGypY0ZK7+npjQSOtxFNjOiJqhXvZm4n9eJzXhjT/hMkkNSrZYFKaCmJjMviZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv+eVV0rwse1flSr1Sqt5mceThBE7hHDy4hircQw0awADhGV7hzXl0Xpx352PRmnOymWP4A+fzB3RzjLg=</latexit>
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We compute the photon propagator exactly by resuming dark photon insertions

Equivalent to diagonalizing the photon-dark photon system on the UV brane
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In general, adapting current constraints on the kinetic mixing parameter would require full calculations of several observables; 
beyond the scope of this work

We present a simple way to adapt constraints for a dark photon with a definitive mass to one with a continuum spectrum.

Typically, an upper bound on the kinetic mixing parameter corresponds to a maximum number of scattering events
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In a 5D model with a continuum
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We find that for larger AdS curvature, the bounds

are enhanced

Equating both expressions for the max 
number of events we find
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A bulk gauge boson with a bulk mass resulting from the SSB of a U(1) symmetry by bulk scalar with a brane localized potential 
results in several possibilities for the UV brane-to-brane propagator/Holographic self-energy

The form of the spectrum produced (gapped/ungapped/discrete) will affect the phenomenology

Increasing the AdS curvature enhances constraints on the kinetic mixing parameter

More work to be done to fully determine phenomenology

We find the four momentum scaling of the holographic self-energy runs logarithmically with momentum for
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To see where in IR the backreation to the vev becomes important, we compare the cosmological constant to the matter 
term in the Einstein equation

We find the backreaction becomes important for
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For larger values of the bulk mass parameter, the vev vanishes in the IR and the backreaction can be neglected

d+1 dimensional Planck Mass
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