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ATLAS/CMS have 20x higher luminosity, 
10x larger angular coverage, and much bigger detectors

What kind of LLP signatures are easier to probe @ LHCb?

LLP search: why LHCb?



Dark shower signal with light/soft dark hadrons 

decay hadronically within ~ m distance

Pretty generic in BSM models generating dark showers!

One example: dark shower signals
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One example: Twin Higgs
Chacko, Goh, Harnik (2005)
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If Higgs decays into > 4 dark mesons, 

each of the decay final state has pT < 10 GeV

Easy to get low pT signals from dark hadrons

Not easy for ATLAS/CMS, but not a problem for the LHCb!

Low pT final states



Mass / lifetime of dark mesons?

 large possibilities of mass & lifetime 
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Mirror world setup
Naturalness problem, asymmetric DM, astro anomaly, …

Possible solution to

⇠ GeV

Mirror sector setup prefers ~< GeV LLP mass
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Mirror world setup

Possible solution to

⇠ GeV

In general, lifetime can be >> LHCb size
M
as
s

existing constraints 
on portal coupling BBN

⇠ 10µm
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Mirror world setup

Possible solution to

⇠ GeV

But sometimes cosmology prefers 
                                             much shorter lifetimes 
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⌥̂
<latexit sha1_base64="9rQHDX7cCeaDmZmqpJ3JrWPwxco=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eKxg2kIby2a7aZdudsPuRCmh/8OLB0W8+l+8+W/ctjlo64OBx3szzMyLUsENet63s7K6tr6xWdoqb+/s7u1XDg6bRmWasoAqoXQ7IoYJLlmAHAVrp5qRJBKsFY1upn7rkWnDlbzHccrChAwkjzklaKWH7pBg3g1Sw4WSk16l6tW8Gdxl4hekCgUavcpXt69oljCJVBBjOr6XYpgTjZwKNil3M8NSQkdkwDqWSpIwE+azqyfuqVX6bqy0LYnuTP09kZPEmHES2c6E4NAselPxP6+TYXwV5lymGTJJ54viTLio3GkEbp9rRlGMLSFUc3urS4dEE4o2qLINwV98eZk0z2u+V/PvLqr16yKOEhzDCZyBD5dQh1toQAAUNDzDK7w5T86L8+58zFtXnGLmCP7A+fwBD+KS3Q==</latexit><latexit sha1_base64="9rQHDX7cCeaDmZmqpJ3JrWPwxco=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eKxg2kIby2a7aZdudsPuRCmh/8OLB0W8+l+8+W/ctjlo64OBx3szzMyLUsENet63s7K6tr6xWdoqb+/s7u1XDg6bRmWasoAqoXQ7IoYJLlmAHAVrp5qRJBKsFY1upn7rkWnDlbzHccrChAwkjzklaKWH7pBg3g1Sw4WSk16l6tW8Gdxl4hekCgUavcpXt69oljCJVBBjOr6XYpgTjZwKNil3M8NSQkdkwDqWSpIwE+azqyfuqVX6bqy0LYnuTP09kZPEmHES2c6E4NAselPxP6+TYXwV5lymGTJJ54viTLio3GkEbp9rRlGMLSFUc3urS4dEE4o2qLINwV98eZk0z2u+V/PvLqr16yKOEhzDCZyBD5dQh1toQAAUNDzDK7w5T86L8+58zFtXnGLmCP7A+fwBD+KS3Q==</latexit><latexit sha1_base64="9rQHDX7cCeaDmZmqpJ3JrWPwxco=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eKxg2kIby2a7aZdudsPuRCmh/8OLB0W8+l+8+W/ctjlo64OBx3szzMyLUsENet63s7K6tr6xWdoqb+/s7u1XDg6bRmWasoAqoXQ7IoYJLlmAHAVrp5qRJBKsFY1upn7rkWnDlbzHccrChAwkjzklaKWH7pBg3g1Sw4WSk16l6tW8Gdxl4hekCgUavcpXt69oljCJVBBjOr6XYpgTjZwKNil3M8NSQkdkwDqWSpIwE+azqyfuqVX6bqy0LYnuTP09kZPEmHES2c6E4NAselPxP6+TYXwV5lymGTJJ54viTLio3GkEbp9rRlGMLSFUc3urS4dEE4o2qLINwV98eZk0z2u+V/PvLqr16yKOEhzDCZyBD5dQh1toQAAUNDzDK7w5T86L8+58zFtXnGLmCP7A+fwBD+KS3Q==</latexit><latexit sha1_base64="9rQHDX7cCeaDmZmqpJ3JrWPwxco=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eKxg2kIby2a7aZdudsPuRCmh/8OLB0W8+l+8+W/ctjlo64OBx3szzMyLUsENet63s7K6tr6xWdoqb+/s7u1XDg6bRmWasoAqoXQ7IoYJLlmAHAVrp5qRJBKsFY1upn7rkWnDlbzHccrChAwkjzklaKWH7pBg3g1Sw4WSk16l6tW8Gdxl4hekCgUavcpXt69oljCJVBBjOr6XYpgTjZwKNil3M8NSQkdkwDqWSpIwE+azqyfuqVX6bqy0LYnuTP09kZPEmHES2c6E4NAselPxP6+TYXwV5lymGTJJ54viTLio3GkEbp9rRlGMLSFUc3urS4dEE4o2qLINwV98eZk0z2u+V/PvLqr16yKOEhzDCZyBD5dQh1toQAAUNDzDK7w5T86L8+58zFtXnGLmCP7A+fwBD+KS3Q==</latexit>

Fµ⌫F
µ⌫
d

<latexit sha1_base64="FU0YubIMgx1RQVFpwZH50fe6O8k=">AAAB/3icbZDLSsNAFIYn9VbrLSq4cTNYBFclEUGXRaG4rGAv0MQwmUzaoZNJmItQYhe+ihsXirj1Ndz5Nk7bCNr6w8DHf87hnPnDjFGpHOfLKi0tr6yuldcrG5tb2zv27l5bplpg0sIpS0U3RJIwyklLUcVINxMEJSEjnXB4Nal37omQNOW3apQRP0F9TmOKkTJWYB80gtxLtMf1uHH3Q0EU2FWn5kwFF8EtoAoKNQP704tSrBPCFWZIyp7rZMrPkVAUMzKueFqSDOEh6pOeQY4SIv18ev8YHhsngnEqzOMKTt3fEzlKpBwloelMkBrI+drE/K/W0yq+8HPKM60Ix7NFsWZQpXASBoyoIFixkQGEBTW3QjxAAmFlIquYENz5Ly9C+7TmOjX35qxavyziKINDcAROgAvOQR1cgyZoAQwewBN4Aa/Wo/VsvVnvs9aSVczsgz+yPr4Bo3GWfQ==</latexit><latexit sha1_base64="FU0YubIMgx1RQVFpwZH50fe6O8k=">AAAB/3icbZDLSsNAFIYn9VbrLSq4cTNYBFclEUGXRaG4rGAv0MQwmUzaoZNJmItQYhe+ihsXirj1Ndz5Nk7bCNr6w8DHf87hnPnDjFGpHOfLKi0tr6yuldcrG5tb2zv27l5bplpg0sIpS0U3RJIwyklLUcVINxMEJSEjnXB4Nal37omQNOW3apQRP0F9TmOKkTJWYB80gtxLtMf1uHH3Q0EU2FWn5kwFF8EtoAoKNQP704tSrBPCFWZIyp7rZMrPkVAUMzKueFqSDOEh6pOeQY4SIv18ev8YHhsngnEqzOMKTt3fEzlKpBwloelMkBrI+drE/K/W0yq+8HPKM60Ix7NFsWZQpXASBoyoIFixkQGEBTW3QjxAAmFlIquYENz5Ly9C+7TmOjX35qxavyziKINDcAROgAvOQR1cgyZoAQwewBN4Aa/Wo/VsvVnvs9aSVczsgz+yPr4Bo3GWfQ==</latexit><latexit sha1_base64="FU0YubIMgx1RQVFpwZH50fe6O8k=">AAAB/3icbZDLSsNAFIYn9VbrLSq4cTNYBFclEUGXRaG4rGAv0MQwmUzaoZNJmItQYhe+ihsXirj1Ndz5Nk7bCNr6w8DHf87hnPnDjFGpHOfLKi0tr6yuldcrG5tb2zv27l5bplpg0sIpS0U3RJIwyklLUcVINxMEJSEjnXB4Nal37omQNOW3apQRP0F9TmOKkTJWYB80gtxLtMf1uHH3Q0EU2FWn5kwFF8EtoAoKNQP704tSrBPCFWZIyp7rZMrPkVAUMzKueFqSDOEh6pOeQY4SIv18ev8YHhsngnEqzOMKTt3fEzlKpBwloelMkBrI+drE/K/W0yq+8HPKM60Ix7NFsWZQpXASBoyoIFixkQGEBTW3QjxAAmFlIquYENz5Ly9C+7TmOjX35qxavyziKINDcAROgAvOQR1cgyZoAQwewBN4Aa/Wo/VsvVnvs9aSVczsgz+yPr4Bo3GWfQ==</latexit><latexit sha1_base64="FU0YubIMgx1RQVFpwZH50fe6O8k=">AAAB/3icbZDLSsNAFIYn9VbrLSq4cTNYBFclEUGXRaG4rGAv0MQwmUzaoZNJmItQYhe+ihsXirj1Ndz5Nk7bCNr6w8DHf87hnPnDjFGpHOfLKi0tr6yuldcrG5tb2zv27l5bplpg0sIpS0U3RJIwyklLUcVINxMEJSEjnXB4Nal37omQNOW3apQRP0F9TmOKkTJWYB80gtxLtMf1uHH3Q0EU2FWn5kwFF8EtoAoKNQP704tSrBPCFWZIyp7rZMrPkVAUMzKueFqSDOEh6pOeQY4SIv18ev8YHhsngnEqzOMKTt3fEzlKpBwloelMkBrI+drE/K/W0yq+8HPKM60Ix7NFsWZQpXASBoyoIFixkQGEBTW3QjxAAmFlIquYENz5Ly9C+7TmOjX35qxavyziKINDcAROgAvOQR1cgyZoAQwewBN4Aa/Wo/VsvVnvs9aSVczsgz+yPr4Bo3GWfQ==</latexit>

other mediation

m
as

s

other hadrons

⌘̂
<latexit sha1_base64="/tEKIIGuV/3ecoiaDPp5S0IQ9bI=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gObUCbbTbt0swm7E6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhmC4FIq3UKDk3VRziEPJO+H4duZ3nrg2IlEPOEl5EMNQiUgwQCs9+iPA3OcI03615tbdOegq8QpSIwWa/eqXP0hYFnOFTIIxPc9NMchBo2CSTyt+ZngKbAxD3rNUQcxNkM8vntIzqwxolGhbCulc/T2RQ2zMJA5tZww4MsveTPzP62UYXQe5UGmGXLHFoiiTFBM6e58OhOYM5cQSYFrYWykbgQaGNqSKDcFbfnmVtC/qnlv37i9rjZsijjI5IafknHjkijTIHWmSFmFEkWfySt4c47w4787HorXkFDPH5A+czx/aVJEF</latexit><latexit sha1_base64="/tEKIIGuV/3ecoiaDPp5S0IQ9bI=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gObUCbbTbt0swm7E6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhmC4FIq3UKDk3VRziEPJO+H4duZ3nrg2IlEPOEl5EMNQiUgwQCs9+iPA3OcI03615tbdOegq8QpSIwWa/eqXP0hYFnOFTIIxPc9NMchBo2CSTyt+ZngKbAxD3rNUQcxNkM8vntIzqwxolGhbCulc/T2RQ2zMJA5tZww4MsveTPzP62UYXQe5UGmGXLHFoiiTFBM6e58OhOYM5cQSYFrYWykbgQaGNqSKDcFbfnmVtC/qnlv37i9rjZsijjI5IafknHjkijTIHWmSFmFEkWfySt4c47w4787HorXkFDPH5A+czx/aVJEF</latexit><latexit sha1_base64="/tEKIIGuV/3ecoiaDPp5S0IQ9bI=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gObUCbbTbt0swm7E6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhmC4FIq3UKDk3VRziEPJO+H4duZ3nrg2IlEPOEl5EMNQiUgwQCs9+iPA3OcI03615tbdOegq8QpSIwWa/eqXP0hYFnOFTIIxPc9NMchBo2CSTyt+ZngKbAxD3rNUQcxNkM8vntIzqwxolGhbCulc/T2RQ2zMJA5tZww4MsveTPzP62UYXQe5UGmGXLHFoiiTFBM6e58OhOYM5cQSYFrYWykbgQaGNqSKDcFbfnmVtC/qnlv37i9rjZsijjI5IafknHjkijTIHWmSFmFEkWfySt4c47w4787HorXkFDPH5A+czx/aVJEF</latexit><latexit sha1_base64="/tEKIIGuV/3ecoiaDPp5S0IQ9bI=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gObUCbbTbt0swm7E6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhmC4FIq3UKDk3VRziEPJO+H4duZ3nrg2IlEPOEl5EMNQiUgwQCs9+iPA3OcI03615tbdOegq8QpSIwWa/eqXP0hYFnOFTIIxPc9NMchBo2CSTyt+ZngKbAxD3rNUQcxNkM8vntIzqwxolGhbCulc/T2RQ2zMJA5tZww4MsveTPzP62UYXQe5UGmGXLHFoiiTFBM6e58OhOYM5cQSYFrYWykbgQaGNqSKDcFbfnmVtC/qnlv37i9rjZsijjI5IafknHjkijTIHWmSFmFEkWfySt4c47w4787HorXkFDPH5A+czx/aVJEF</latexit>

⌥̂
<latexit sha1_base64="9rQHDX7cCeaDmZmqpJ3JrWPwxco=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eKxg2kIby2a7aZdudsPuRCmh/8OLB0W8+l+8+W/ctjlo64OBx3szzMyLUsENet63s7K6tr6xWdoqb+/s7u1XDg6bRmWasoAqoXQ7IoYJLlmAHAVrp5qRJBKsFY1upn7rkWnDlbzHccrChAwkjzklaKWH7pBg3g1Sw4WSk16l6tW8Gdxl4hekCgUavcpXt69oljCJVBBjOr6XYpgTjZwKNil3M8NSQkdkwDqWSpIwE+azqyfuqVX6bqy0LYnuTP09kZPEmHES2c6E4NAselPxP6+TYXwV5lymGTJJ54viTLio3GkEbp9rRlGMLSFUc3urS4dEE4o2qLINwV98eZk0z2u+V/PvLqr16yKOEhzDCZyBD5dQh1toQAAUNDzDK7w5T86L8+58zFtXnGLmCP7A+fwBD+KS3Q==</latexit><latexit sha1_base64="9rQHDX7cCeaDmZmqpJ3JrWPwxco=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eKxg2kIby2a7aZdudsPuRCmh/8OLB0W8+l+8+W/ctjlo64OBx3szzMyLUsENet63s7K6tr6xWdoqb+/s7u1XDg6bRmWasoAqoXQ7IoYJLlmAHAVrp5qRJBKsFY1upn7rkWnDlbzHccrChAwkjzklaKWH7pBg3g1Sw4WSk16l6tW8Gdxl4hekCgUavcpXt69oljCJVBBjOr6XYpgTjZwKNil3M8NSQkdkwDqWSpIwE+azqyfuqVX6bqy0LYnuTP09kZPEmHES2c6E4NAselPxP6+TYXwV5lymGTJJ54viTLio3GkEbp9rRlGMLSFUc3urS4dEE4o2qLINwV98eZk0z2u+V/PvLqr16yKOEhzDCZyBD5dQh1toQAAUNDzDK7w5T86L8+58zFtXnGLmCP7A+fwBD+KS3Q==</latexit><latexit sha1_base64="9rQHDX7cCeaDmZmqpJ3JrWPwxco=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eKxg2kIby2a7aZdudsPuRCmh/8OLB0W8+l+8+W/ctjlo64OBx3szzMyLUsENet63s7K6tr6xWdoqb+/s7u1XDg6bRmWasoAqoXQ7IoYJLlmAHAVrp5qRJBKsFY1upn7rkWnDlbzHccrChAwkjzklaKWH7pBg3g1Sw4WSk16l6tW8Gdxl4hekCgUavcpXt69oljCJVBBjOr6XYpgTjZwKNil3M8NSQkdkwDqWSpIwE+azqyfuqVX6bqy0LYnuTP09kZPEmHES2c6E4NAselPxP6+TYXwV5lymGTJJ54viTLio3GkEbp9rRlGMLSFUc3urS4dEE4o2qLINwV98eZk0z2u+V/PvLqr16yKOEhzDCZyBD5dQh1toQAAUNDzDK7w5T86L8+58zFtXnGLmCP7A+fwBD+KS3Q==</latexit><latexit sha1_base64="9rQHDX7cCeaDmZmqpJ3JrWPwxco=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eKxg2kIby2a7aZdudsPuRCmh/8OLB0W8+l+8+W/ctjlo64OBx3szzMyLUsENet63s7K6tr6xWdoqb+/s7u1XDg6bRmWasoAqoXQ7IoYJLlmAHAVrp5qRJBKsFY1upn7rkWnDlbzHccrChAwkjzklaKWH7pBg3g1Sw4WSk16l6tW8Gdxl4hekCgUavcpXt69oljCJVBBjOr6XYpgTjZwKNil3M8NSQkdkwDqWSpIwE+azqyfuqVX6bqy0LYnuTP09kZPEmHES2c6E4NAselPxP6+TYXwV5lymGTJJ54viTLio3GkEbp9rRlGMLSFUc3urS4dEE4o2qLINwV98eZk0z2u+V/PvLqr16yKOEhzDCZyBD5dQh1toQAAUNDzDK7w5T86L8+58zFtXnGLmCP7A+fwBD+KS3Q==</latexit>

annihilate

⌥̂ ! �⇤
d ! SM

<latexit sha1_base64="Y0SxAjV6k5oc/805HSnNusQvGT4=">AAACD3icbVC7SgNBFJ31bXxFLW0GgyIWYVcELYM2NoKiiUI2hruTSTI4j2XmrhCW/IGNv2JjoYitrZ1/4+RR+Dpw4cw59zL3niSVwmEYfgYTk1PTM7Nz84WFxaXlleLqWs2ZzDJeZUYae52A41JoXkWBkl+nloNKJL9Kbo8H/tUdt04YfYm9lDcUdLRoCwbopWZxO+4C5nE1dUIa3Y/RxB1QCpqtm13/yGOr6MVpv1ksheVwCPqXRGNSImOcNYsfccuwTHGNTIJz9ShMsZGDRcEk7xfizPEU2C10eN1TDYq7Rj68p0+3vNKibWN9aaRD9ftEDsq5nkp8pwLsut/eQPzPq2fYPmzkQqcZcs1GH7UzSdHQQTi0JSxnKHueALPC70pZFyww9BEWfAjR75P/ktpeOQrL0fl+qXI0jmOObJBNskMickAq5ISckSph5J48kmfyEjwET8Fr8DZqnQjGM+vkB4L3L8manRk=</latexit><latexit sha1_base64="Y0SxAjV6k5oc/805HSnNusQvGT4=">AAACD3icbVC7SgNBFJ31bXxFLW0GgyIWYVcELYM2NoKiiUI2hruTSTI4j2XmrhCW/IGNv2JjoYitrZ1/4+RR+Dpw4cw59zL3niSVwmEYfgYTk1PTM7Nz84WFxaXlleLqWs2ZzDJeZUYae52A41JoXkWBkl+nloNKJL9Kbo8H/tUdt04YfYm9lDcUdLRoCwbopWZxO+4C5nE1dUIa3Y/RxB1QCpqtm13/yGOr6MVpv1ksheVwCPqXRGNSImOcNYsfccuwTHGNTIJz9ShMsZGDRcEk7xfizPEU2C10eN1TDYq7Rj68p0+3vNKibWN9aaRD9ftEDsq5nkp8pwLsut/eQPzPq2fYPmzkQqcZcs1GH7UzSdHQQTi0JSxnKHueALPC70pZFyww9BEWfAjR75P/ktpeOQrL0fl+qXI0jmOObJBNskMickAq5ISckSph5J48kmfyEjwET8Fr8DZqnQjGM+vkB4L3L8manRk=</latexit><latexit sha1_base64="Y0SxAjV6k5oc/805HSnNusQvGT4=">AAACD3icbVC7SgNBFJ31bXxFLW0GgyIWYVcELYM2NoKiiUI2hruTSTI4j2XmrhCW/IGNv2JjoYitrZ1/4+RR+Dpw4cw59zL3niSVwmEYfgYTk1PTM7Nz84WFxaXlleLqWs2ZzDJeZUYae52A41JoXkWBkl+nloNKJL9Kbo8H/tUdt04YfYm9lDcUdLRoCwbopWZxO+4C5nE1dUIa3Y/RxB1QCpqtm13/yGOr6MVpv1ksheVwCPqXRGNSImOcNYsfccuwTHGNTIJz9ShMsZGDRcEk7xfizPEU2C10eN1TDYq7Rj68p0+3vNKibWN9aaRD9ftEDsq5nkp8pwLsut/eQPzPq2fYPmzkQqcZcs1GH7UzSdHQQTi0JSxnKHueALPC70pZFyww9BEWfAjR75P/ktpeOQrL0fl+qXI0jmOObJBNskMickAq5ISckSph5J48kmfyEjwET8Fr8DZqnQjGM+vkB4L3L8manRk=</latexit><latexit sha1_base64="Y0SxAjV6k5oc/805HSnNusQvGT4=">AAACD3icbVC7SgNBFJ31bXxFLW0GgyIWYVcELYM2NoKiiUI2hruTSTI4j2XmrhCW/IGNv2JjoYitrZ1/4+RR+Dpw4cw59zL3niSVwmEYfgYTk1PTM7Nz84WFxaXlleLqWs2ZzDJeZUYae52A41JoXkWBkl+nloNKJL9Kbo8H/tUdt04YfYm9lDcUdLRoCwbopWZxO+4C5nE1dUIa3Y/RxB1QCpqtm13/yGOr6MVpv1ksheVwCPqXRGNSImOcNYsfccuwTHGNTIJz9ShMsZGDRcEk7xfizPEU2C10eN1TDYq7Rj68p0+3vNKibWN9aaRD9ftEDsq5nkp8pwLsut/eQPzPq2fYPmzkQqcZcs1GH7UzSdHQQTi0JSxnKHueALPC70pZFyww9BEWfAjR75P/ktpeOQrL0fl+qXI0jmOObJBNskMickAq5ISckSph5J48kmfyEjwET8Fr8DZqnQjGM+vkB4L3L8manRk=</latexit>

⌘̂ ! �⇤
d�

⇤
d ! SM
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e.g., dark hadrons couple via photon mixing

• need to annihilate the lightest state 
    into heavier (easier to decay) states 

• the heavier meson needs to decay 
    in SM quickly while the annihilation 
    is efficient

fast decay
slower decay, ruins BBN

vector meson has a ~ m scale 
 upper bound on decay lifetime 

preliminary

Li & YT (in preparation), also see 1512.02647



Mirror world setup

Possible solution to

⇠ GeV

LHCb VELO can be large enough
M
as
s

existing constraints 
on portal coupling

⇠ 10µm
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ATLAS 1504.03634 Displaced hadronic jets

⇠ 0.01m

Talk by Martino Borsato

 2/fb of 7 & 8 TeV data 

Good at constraining ~ cm scale lifetimes

h

⇡v m⇡v > 10GeV



Different ``portals” connect  SM & Dark sector

heavier  
SM fermions 

Higgs portal

hĥ scalar glueball 

 scalar meson 

(p-)scalar meson 

colored mediator

SM quarks

 vector meson charged fermions 
(e.g., muons)

photon portal

�d
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Low mass (< 10 GeV) hadronic LLP decay is hard to 
search at ATLAS/CMS

In LHCb, if decay final states are hadrons that are
easy to identify, such as kaons, pions, baryons,…
sub-GeV hadronic LLP decay can be achievable 

Dark hadrons can easily decay hadronically



(based on                           search)

Displace decay into D-mesons

Consider D± ! K⌥⇡±⇡± D0 ! K�2⇡+⇡�

( 9.5% Br ) ( 8% Br )

2 reconstructed D-mesons

1 D-meson + 1 DV (>= 3 tracks)

2 DV (>= 3 tracks)

q

q̄

qv

q̄v

Z 0

c
c̄

D+

D�⇡v
⇡v

⇡v
⇡v

track pT > 0.1 GeV,  D-meson HT > 1.8 GeV
DV p > 10 GeV,  total D-meson pT > 5 GeV
` > 10c⌧D

B0 ! D+D�

1608.06620



HV decay into D-mesons

5 10 50 100 500
10

100

1000

104

105

������ ����� ������ �� ω� [��]

σ
(�
�)
×
��

(�
�
→
� �
� �
�ω

�→
��
)
[��

]

2 D-meson

1 D-meson + 1 DV
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LHCb 15/fb,  solid/dashed = 0/100  background
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ATLAS/CMS  300/fb: Muon RoI trigger
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2 MS, 30 bg !v ! b̄b

Pierce, Shakya, YT, Zhao (2017)



More exclusive search on the LLP decay

�LS =
�S

4
S4 +

m2
0

2
S2 + �S2H†H
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Shuve, Pospelov, YT, Vidal, Zurita (in progress)

background can be low 
with tight isolation cuts 

+ mass resolution + kaon id 

different signature, but similar idea




