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Motivation of composite ADM

⌦DM : ⌦B ⇠ 5 : 1
<latexit sha1_base64="JmbmzHzpuADzGP5KwvCsZKKGrQc=">AAACEnicbVA9SwNBEN3zM8avU0ubxSBoE+78QLGSaGEjRjAayIWwt5nEJbt3x+6cGI78Bhv/io2FIrZWdv4bNx+FRh8MPN6bYWZemEhh0PO+nInJqemZ2dxcfn5hcWnZXVm9NnGqOVR4LGNdDZkBKSKooEAJ1UQDU6GEm7Bz0vdv7kAbEUdX2E2grlg7Ei3BGVqp4W4HFwrarBEg3GN2et47+iWUejQwQtH9I7/hFryiNwD9S/wRKZARyg33M2jGPFUQIZfMmJrvJVjPmEbBJfTyQWogYbzD2lCzNGIKTD0bvNSjm1Zp0lasbUVIB+rPiYwpY7oqtJ2K4a0Z9/rif14txdZhPRNRkiJEfLiolUqKMe3nQ5tCA0fZtYRxLeytlN8yzTjaFPM2BH/85b/keqfo7xZ3LvcKx6VRHDmyTjbIFvHJATkmZ6RMKoSTB/JEXsir8+g8O2/O+7B1whnNrJFfcD6+AYEbnVU=</latexit>

We need a asymmetry between baryon and anti-baryon:  
(Sakharov condition) 
1)C and CP violation  
2)B-number broken  
3)deviation from equilibrium 

Baryon mass comes from QCD confinement 

WIMP: 
Heavy Majorana particle freeze out   

WIMP mass is given by hand (e.g. soft term in SUSY)



Motivation of composite ADM

⌦DM : ⌦B ⇠ 5 : 1
<latexit sha1_base64="JmbmzHzpuADzGP5KwvCsZKKGrQc=">AAACEnicbVA9SwNBEN3zM8avU0ubxSBoE+78QLGSaGEjRjAayIWwt5nEJbt3x+6cGI78Bhv/io2FIrZWdv4bNx+FRh8MPN6bYWZemEhh0PO+nInJqemZ2dxcfn5hcWnZXVm9NnGqOVR4LGNdDZkBKSKooEAJ1UQDU6GEm7Bz0vdv7kAbEUdX2E2grlg7Ei3BGVqp4W4HFwrarBEg3GN2et47+iWUejQwQtH9I7/hFryiNwD9S/wRKZARyg33M2jGPFUQIZfMmJrvJVjPmEbBJfTyQWogYbzD2lCzNGIKTD0bvNSjm1Zp0lasbUVIB+rPiYwpY7oqtJ2K4a0Z9/rif14txdZhPRNRkiJEfLiolUqKMe3nQ5tCA0fZtYRxLeytlN8yzTjaFPM2BH/85b/keqfo7xZ3LvcKx6VRHDmyTjbIFvHJATkmZ6RMKoSTB/JEXsir8+g8O2/O+7B1whnNrJFfcD6+AYEbnVU=</latexit>

So maybe the true story is like: 

Baryon-anti-baryon asymmetry:  
1)C and CP violation  
2)B-number broken  
3)deviation from equilibrium 

DM-anti-DM asymmetry:  
1)C and CP violation  
2)D-number broken  
3)deviation from equilibrium 

Baryon mass and DM (dark baryon) mass comes from QCD confinement 
and Dark-QCD confinement respectively.  



Model framework: SU(N) in the dark sector 

�, g, l, q ...

⇡, ⇢, p ...

Mediator

SU(3)⇥ SU(2)⇥ U(1) SU(N)0
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Visible sector Dark sector 

<latexit sha1_base64="OMSCqoN/+NHZT+qhwLoD1X/efMw=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBaphxISKeqx6MVjBfsBTSyb7bZdutnE3Y1SQv+HFw+KePW/ePPfuG1z0NYHA4/3ZpiZF8ScKe0431ZuZXVtfSO/Wdja3tndK+4fNFWUSEIbJOKRbAdYUc4EbWimOW3HkuIw4LQVjK6nfuuRSsUicafHMfVDPBCszwjWRroflCseeihXkIds2+4WS47tzICWiZuREmSod4tfXi8iSUiFJhwr1XGdWPsplpoRTicFL1E0xmSEB7RjqMAhVX46u3qCTozSQ/1ImhIazdTfEykOlRqHgekMsR6qRW8q/ud1Et2/9FMm4kRTQeaL+glHOkLTCFCPSUo0HxuCiWTmVkSGWGKiTVAFE4K7+PIyaZ7Z7rldva2WaldZHHk4gmM4BRcuoAY3UIcGEJDwDK/wZj1ZL9a79TFvzVnZzCH8gfX5A+aXkC8=</latexit>

g0, q0, ...
<latexit sha1_base64="STGTOA/IMB1TzsJg5Zu48t2pNz4=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEFxISKeqy6MZlBfuAJoTJZNIOnUyGmYlQQsFfceNCEbd+hzv/xmmbhbYeuNzDOfcyd04kGFXadb+tysrq2vpGdbO2tb2zu2fvH3RUlktM2jhjmexFSBFGOWlrqhnpCUlQGjHSjUa3U7/7SKSiGX/QY0GCFA04TShG2kihfeQLGsbwHPpQlN1xnNCuu447A1wmXknqoEQrtL/8OMN5SrjGDCnV91yhgwJJTTEjk5qfKyIQHqEB6RvKUUpUUMzOn8BTo8QwyaQpruFM/b1RoFSpcRqZyRTpoVr0puJ/Xj/XyXVQUC5yTTieP5TkDOoMTrOAMZUEazY2BGFJza0QD5FEWJvEaiYEb/HLy6Rz4XiXTuO+UW/elHFUwTE4AWfAA1egCe5AC7QBBgV4Bq/gzXqyXqx362M+WrHKnUPwB9bnDywMkws=</latexit>⇡d, pd, ...



Model framework: SU(N) in the dark sector 

�, g, l, q ...

⇡, ⇢, p ...

Mediator

SU(3)⇥ SU(2)⇥ U(1) SU(N)0

6

Visible sector Dark sector 

<latexit sha1_base64="OMSCqoN/+NHZT+qhwLoD1X/efMw=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBaphxISKeqx6MVjBfsBTSyb7bZdutnE3Y1SQv+HFw+KePW/ePPfuG1z0NYHA4/3ZpiZF8ScKe0431ZuZXVtfSO/Wdja3tndK+4fNFWUSEIbJOKRbAdYUc4EbWimOW3HkuIw4LQVjK6nfuuRSsUicafHMfVDPBCszwjWRroflCseeihXkIds2+4WS47tzICWiZuREmSod4tfXi8iSUiFJhwr1XGdWPsplpoRTicFL1E0xmSEB7RjqMAhVX46u3qCTozSQ/1ImhIazdTfEykOlRqHgekMsR6qRW8q/ud1Et2/9FMm4kRTQeaL+glHOkLTCFCPSUo0HxuCiWTmVkSGWGKiTVAFE4K7+PIyaZ7Z7rldva2WaldZHHk4gmM4BRcuoAY3UIcGEJDwDK/wZj1ZL9a79TFvzVnZzCH8gfX5A+aXkC8=</latexit>

g0, q0, ...
<latexit sha1_base64="STGTOA/IMB1TzsJg5Zu48t2pNz4=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEFxISKeqy6MZlBfuAJoTJZNIOnUyGmYlQQsFfceNCEbd+hzv/xmmbhbYeuNzDOfcyd04kGFXadb+tysrq2vpGdbO2tb2zu2fvH3RUlktM2jhjmexFSBFGOWlrqhnpCUlQGjHSjUa3U7/7SKSiGX/QY0GCFA04TShG2kihfeQLGsbwHPpQlN1xnNCuu447A1wmXknqoEQrtL/8OMN5SrjGDCnV91yhgwJJTTEjk5qfKyIQHqEB6RvKUUpUUMzOn8BTo8QwyaQpruFM/b1RoFSpcRqZyRTpoVr0puJ/Xj/XyXVQUC5yTTieP5TkDOoMTrOAMZUEazY2BGFJza0QD5FEWJvEaiYEb/HLy6Rz4XiXTuO+UW/elHFUwTE4AWfAA1egCe5AC7QBBgV4Bq/gzXqyXqx362M+WrHKnUPwB9bnDywMkws=</latexit>⇡d, pd, ...

We consider “bi-charged scalar”       as mediator :�
<latexit sha1_base64="SIWWhw4cDOJI1oTS6WRyjqImg48=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQY9FLx4r2A9oQ9lsN83S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gepf7vSeqNIvlo5kl1Bd4IlnICDa5NGxHbFStuXV3AbROvILUoEB7VP0ajmOSCioN4Vjrgecmxs+wMoxwOq8MU00TTKZ4QgeWSiyo9rPFrXN0YZUxCmNlSxq0UH9PZFhoPROB7RTYRHrVy8X/vEFqwhs/YzJJDZVkuShMOTIxyh9HY6YoMXxmCSaK2VsRibDCxNh4KjYEb/XlddJt1L2reuOhWWvdFnGU4QzO4RI8uIYW3EMbOkAggmd4hTdHOC/Ou/OxbC05xcwp/IHz+QPkB44j</latexit>

L � �q̄0q
<latexit sha1_base64="RnvvYrvXVLJgWSkzh0Y4P7KQPcM=">AAACE3icbVC7SgNBFJ2Nrxhfq5Y2g0EUi7AbBS2DNhYWEcwDsku4O5kkQ2Z3JzOzQljyDzb+io2FIrY2dv6Ns0kKTTwwcDjnXu6cEwjOlHacbyu3tLyyupZfL2xsbm3v2Lt7dRUnktAaiXksmwEoyllEa5ppTptCUggDThvB4DrzGw9UKhZH93okqB9CL2JdRkAbqW2feiHoPgGe3o6xpxKhqMbeAIQA7FX7DHsByHQ4PsbDtl10Ss4EeJG4M1JEM1Tb9pfXiUkS0kgTDkq1XEdoPwWpGeF0XPASRQWQAfRoy9AIQqr8dJJpjI+M0sHdWJoXaTxRf2+kECo1CgMzmSVQ814m/ue1Et299FMWiUTTiEwPdROOdYyzgnCHSUo0HxkCRDLzV0z6IIFoU2PBlODOR14k9XLJPSuV786LlatZHXl0gA7RCXLRBaqgG1RFNUTQI3pGr+jNerJerHfrYzqas2Y7++gPrM8ff5Gd5Q==</latexit>

dark quark
quark L � �q̄0l

<latexit sha1_base64="sqyGi29zJe0Bh7ndWe9oJdE1qcs=">AAACE3icbVC7SgNBFJ31GeMramkzGESxCLtR0DJoY2ERwTwgG8LdyWwyZHZ2nJkVwpJ/sPFXbCwUsbWx82+cTVJo4oGBwzn3cuecQHKmjet+OwuLS8srq7m1/PrG5tZ2YWe3ruNEEVojMY9VMwBNORO0ZpjhtCkVhSjgtBEMrjK/8UCVZrG4M0NJ2xH0BAsZAWOlTuHEj8D0CfD0ZoR9nUhNDfYHICVgv9pn2A9ApfejI8w7haJbcsfA88SbkiKaotopfPndmCQRFYZw0LrludK0U1CGEU5HeT/RVAIZQI+2LBUQUd1Ox5lG+NAqXRzGyj5h8Fj9vZFCpPUwCuxklkDPepn4n9dKTHjRTpmQiaGCTA6FCccmxllBuMsUJYYPLQGimP0rJn1QQIytMW9L8GYjz5N6ueSdlsq3Z8XK5bSOHNpHB+gYeegcVdA1qqIaIugRPaNX9OY8OS/Ou/MxGV1wpjt76A+czx93/Z3g</latexit>

dark quark
leptonquark-philic： lepton-philic：

(For baryogenesis, you need “B-L”)



Why “bi-charged scalar”      ?
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Reasons:  

(1) generate baryon and D-baryon asymmetries simultaneously 

(2) explain                        by IR fixed point  

(3) help to espace cosmology constraints  

(4) provide a detectable portal 

�
<latexit sha1_base64="SIWWhw4cDOJI1oTS6WRyjqImg48=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQY9FLx4r2A9oQ9lsN83S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gepf7vSeqNIvlo5kl1Bd4IlnICDa5NGxHbFStuXV3AbROvILUoEB7VP0ajmOSCioN4Vjrgecmxs+wMoxwOq8MU00TTKZ4QgeWSiyo9rPFrXN0YZUxCmNlSxq0UH9PZFhoPROB7RTYRHrVy8X/vEFqwhs/YzJJDZVkuShMOTIxyh9HY6YoMXxmCSaK2VsRibDCxNh4KjYEb/XlddJt1L2reuOhWWvdFnGU4QzO4RI8uIYW3EMbOkAggmd4hTdHOC/Ou/OxbC05xcwp/IHz+QPkB44j</latexit>

<latexit sha1_base64="PAtKFKOCc6xJtW9PToZPgUwYtdU=">AAACC3icbVC7SgNBFJ2Nrxhfq5Y2Q4JoFXYlqGUwFhYWCZgHZJdldjJJhsw+mLkrhiW9jb9iY6GIrT9g5984SbbQxAMDh3PO5c49fiy4Asv6NnIrq2vrG/nNwtb2zu6euX/QUlEiKWvSSESy4xPFBA9ZEzgI1oklI4EvWNsf1aZ++55JxaPwDsYxcwMyCHmfUwJa8syic6vDPeKlDrAHSBu168kEO4oHOHNOPLNkla0Z8DKxM1JCGeqe+eX0IpoELAQqiFJd24rBTYkETgWbFJxEsZjQERmwrqYhCZhy09ktE3yslR7uR1K/EPBM/T2RkkCpceDrZEBgqBa9qfif102gf+mmPIwTYCGdL+onAkOEp8XgHpeMghhrQqjk+q+YDokkFHR9BV2CvXjyMmmdle3zcqVRKVWvsjry6AgV0Smy0QWqohtUR01E0SN6Rq/ozXgyXox342MezRnZzCH6A+PzB1GgmpY=</latexit>

⇤QCD ⇠ ⇤0



Asymmetry generation: quark-philic model
Consider a scalar mediator        couple to “dark quark” and SM quark:  �

<latexit sha1_base64="SIWWhw4cDOJI1oTS6WRyjqImg48=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQY9FLx4r2A9oQ9lsN83S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gepf7vSeqNIvlo5kl1Bd4IlnICDa5NGxHbFStuXV3AbROvILUoEB7VP0ajmOSCioN4Vjrgecmxs+wMoxwOq8MU00TTKZ4QgeWSiyo9rPFrXN0YZUxCmNlSxq0UH9PZFhoPROB7RTYRHrVy8X/vEFqwhs/YzJJDZVkuShMOTIxyh9HY6YoMXxmCSaK2VsRibDCxNh4KjYEb/XlddJt1L2reuOhWWvdFnGU4QzO4RI8uIYW3EMbOkAggmd4hTdHOC/Ou/OxbC05xcwp/IHz+QPkB44j</latexit>

�
<latexit sha1_base64="SIWWhw4cDOJI1oTS6WRyjqImg48=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQY9FLx4r2A9oQ9lsN83S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gepf7vSeqNIvlo5kl1Bd4IlnICDa5NGxHbFStuXV3AbROvILUoEB7VP0ajmOSCioN4Vjrgecmxs+wMoxwOq8MU00TTKZ4QgeWSiyo9rPFrXN0YZUxCmNlSxq0UH9PZFhoPROB7RTYRHrVy8X/vEFqwhs/YzJJDZVkuShMOTIxyh9HY6YoMXxmCSaK2VsRibDCxNh4KjYEb/XlddJt1L2reuOhWWvdFnGU4QzO4RI8uIYW3EMbOkAggmd4hTdHOC/Ou/OxbC05xcwp/IHz+QPkB44j</latexit>

arXiv:1306.4676

L � �q̄0q
<latexit sha1_base64="RnvvYrvXVLJgWSkzh0Y4P7KQPcM=">AAACE3icbVC7SgNBFJ2Nrxhfq5Y2g0EUi7AbBS2DNhYWEcwDsku4O5kkQ2Z3JzOzQljyDzb+io2FIrY2dv6Ns0kKTTwwcDjnXu6cEwjOlHacbyu3tLyyupZfL2xsbm3v2Lt7dRUnktAaiXksmwEoyllEa5ppTptCUggDThvB4DrzGw9UKhZH93okqB9CL2JdRkAbqW2feiHoPgGe3o6xpxKhqMbeAIQA7FX7DHsByHQ4PsbDtl10Ss4EeJG4M1JEM1Tb9pfXiUkS0kgTDkq1XEdoPwWpGeF0XPASRQWQAfRoy9AIQqr8dJJpjI+M0sHdWJoXaTxRf2+kECo1CgMzmSVQ814m/ue1Et299FMWiUTTiEwPdROOdYyzgnCHSUo0HxkCRDLzV0z6IIFoU2PBlODOR14k9XLJPSuV786LlatZHXl0gA7RCXLRBaqgG1RFNUTQI3pGr+jNerJerHfrYzqas2Y7++gPrM8ff5Gd5Q==</latexit>

dark quark
quark

Step 1:  generate the asymmetry of mediator      . For example, CPV& 
             out of equilibrium decay of heavy neutral particle: 

�
<latexit sha1_base64="SIWWhw4cDOJI1oTS6WRyjqImg48=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQY9FLx4r2A9oQ9lsN83S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gepf7vSeqNIvlo5kl1Bd4IlnICDa5NGxHbFStuXV3AbROvILUoEB7VP0ajmOSCioN4Vjrgecmxs+wMoxwOq8MU00TTKZ4QgeWSiyo9rPFrXN0YZUxCmNlSxq0UH9PZFhoPROB7RTYRHrVy8X/vEFqwhs/YzJJDZVkuShMOTIxyh9HY6YoMXxmCSaK2VsRibDCxNh4KjYEb/XlddJt1L2reuOhWWvdFnGU4QzO4RI8uIYW3EMbOkAggmd4hTdHOC/Ou/OxbC05xcwp/IHz+QPkB44j</latexit>

Step 2:  mediator       decay to “dark quark” and SM quark, and thus generate  
              “dark baryon” and baryon asymmetry simultaneously: 

dark quark

quark



Another possibility: what if        couples to L + q` instead of q + q`:�
<latexit sha1_base64="SIWWhw4cDOJI1oTS6WRyjqImg48=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQY9FLx4r2A9oQ9lsN83S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gepf7vSeqNIvlo5kl1Bd4IlnICDa5NGxHbFStuXV3AbROvILUoEB7VP0ajmOSCioN4Vjrgecmxs+wMoxwOq8MU00TTKZ4QgeWSiyo9rPFrXN0YZUxCmNlSxq0UH9PZFhoPROB7RTYRHrVy8X/vEFqwhs/YzJJDZVkuShMOTIxyh9HY6YoMXxmCSaK2VsRibDCxNh4KjYEb/XlddJt1L2reuOhWWvdFnGU4QzO4RI8uIYW3EMbOkAggmd4hTdHOC/Ou/OxbC05xcwp/IHz+QPkB44j</latexit>

arXiv:2104.06988L � �q̄0l
<latexit sha1_base64="sqyGi29zJe0Bh7ndWe9oJdE1qcs=">AAACE3icbVC7SgNBFJ31GeMramkzGESxCLtR0DJoY2ERwTwgG8LdyWwyZHZ2nJkVwpJ/sPFXbCwUsbWx82+cTVJo4oGBwzn3cuecQHKmjet+OwuLS8srq7m1/PrG5tZ2YWe3ruNEEVojMY9VMwBNORO0ZpjhtCkVhSjgtBEMrjK/8UCVZrG4M0NJ2xH0BAsZAWOlTuHEj8D0CfD0ZoR9nUhNDfYHICVgv9pn2A9ApfejI8w7haJbcsfA88SbkiKaotopfPndmCQRFYZw0LrludK0U1CGEU5HeT/RVAIZQI+2LBUQUd1Ox5lG+NAqXRzGyj5h8Fj9vZFCpPUwCuxklkDPepn4n9dKTHjRTpmQiaGCTA6FCccmxllBuMsUJYYPLQGimP0rJn1QQIytMW9L8GYjz5N6ueSdlsq3Z8XK5bSOHNpHB+gYeegcVdA1qqIaIugRPaNX9OY8OS/Ou/MxGV1wpjt76A+czx93/Z3g</latexit>

dark quark
lepton

Step 1:  generate the asymmetry of mediator      . For example, CPV& 
             out of equilibrium decay of heavy neutral particle: 

Step 2:  mediator       decay to “dark quark” and SM lepton, and thus generate  
              “dark baryon” and lepton asymmetry simultaneously: 

dark quark

lepton

�
<latexit sha1_base64="SIWWhw4cDOJI1oTS6WRyjqImg48=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQY9FLx4r2A9oQ9lsN83S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gepf7vSeqNIvlo5kl1Bd4IlnICDa5NGxHbFStuXV3AbROvILUoEB7VP0ajmOSCioN4Vjrgecmxs+wMoxwOq8MU00TTKZ4QgeWSiyo9rPFrXN0YZUxCmNlSxq0UH9PZFhoPROB7RTYRHrVy8X/vEFqwhs/YzJJDZVkuShMOTIxyh9HY6YoMXxmCSaK2VsRibDCxNh4KjYEb/XlddJt1L2reuOhWWvdFnGU4QzO4RI8uIYW3EMbOkAggmd4hTdHOC/Ou/OxbC05xcwp/IHz+QPkB44j</latexit>

�
<latexit sha1_base64="SIWWhw4cDOJI1oTS6WRyjqImg48=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQY9FLx4r2A9oQ9lsN83S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gepf7vSeqNIvlo5kl1Bd4IlnICDa5NGxHbFStuXV3AbROvILUoEB7VP0ajmOSCioN4Vjrgecmxs+wMoxwOq8MU00TTKZ4QgeWSiyo9rPFrXN0YZUxCmNlSxq0UH9PZFhoPROB7RTYRHrVy8X/vEFqwhs/YzJJDZVkuShMOTIxyh9HY6YoMXxmCSaK2VsRibDCxNh4KjYEb/XlddJt1L2reuOhWWvdFnGU4QzO4RI8uIYW3EMbOkAggmd4hTdHOC/Ou/OxbC05xcwp/IHz+QPkB44j</latexit>

Step 3:  lepton number transfer to baryon number via sphaleron process: 

lepton baryonsphaleron
<latexit sha1_base64="ILonyZynj7E1dQkXR1YmcYjyu9Q=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BLx4jmIckS5idzCZD5rHMzAphyVd48aCIVz/Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWyc9mmSEOdVK9ssVv+rPgVZJkJMK5Gj0y1+9gSKpoNISjo3pBn5iwwxrywin01IvNTTBZIyHtOuoxIKaMJsfPEVnThmgWGlX0qK5+nsiw8KYiYhcp8B2ZJa9mfif101tfB1mTCappZIsFsUpR1ah2fdowDQllk8cwUQzdysiI6wxsS6jkgshWH55lbRq1eCiWru/rNRv8jiKcAKncA4BXEEd7qABTSAg4Ble4c3T3ov37n0sWgtePnMMf+B9/gApx5Ck</latexit>

Asymmetry generation: lepton-philic model



IR fixed point

A brilliant idea from (arXiv:1306.4676 Yang Bai, Pedro Schwaller):  
IR fixed point 

We already obtained                     , but why                          ?    
<latexit sha1_base64="GQllL+LDwHowYWeB6y8DsvCiEIc=">AAAB+HicbVBNSwMxEJ31s9aPrnr0Eiyip7IrRT2WevFYwX5AuyzZNG1Dk+ySZIW69Jd48aCIV3+KN/+NabsHbX0w8Hhvhpl5UcKZNp737aytb2xubRd2irt7+wcl9/CopeNUEdokMY9VJ8KaciZp0zDDaSdRFIuI03Y0vp357UeqNIvlg5kkNBB4KNmAEWysFLolGdZRTzOBZJjVz6ehW/Yq3hxolfg5KUOORuh+9foxSQWVhnCsddf3EhNkWBlGOJ0We6mmCSZjPKRdSyUWVAfZ/PApOrNKHw1iZUsaNFd/T2RYaD0Rke0U2Iz0sjcT//O6qRncBBmTSWqoJItFg5QjE6NZCqjPFCWGTyzBRDF7KyIjrDAxNquiDcFffnmVtC4r/lWlel8t1+p5HAU4gVO4AB+uoQZ30IAmEEjhGV7hzXlyXpx352PRuubkM8fwB87nD5v7kmw=</latexit>nB ⇠ nB0

<latexit sha1_base64="PAtKFKOCc6xJtW9PToZPgUwYtdU=">AAACC3icbVC7SgNBFJ2Nrxhfq5Y2Q4JoFXYlqGUwFhYWCZgHZJdldjJJhsw+mLkrhiW9jb9iY6GIrT9g5984SbbQxAMDh3PO5c49fiy4Asv6NnIrq2vrG/nNwtb2zu6euX/QUlEiKWvSSESy4xPFBA9ZEzgI1oklI4EvWNsf1aZ++55JxaPwDsYxcwMyCHmfUwJa8syic6vDPeKlDrAHSBu168kEO4oHOHNOPLNkla0Z8DKxM1JCGeqe+eX0IpoELAQqiFJd24rBTYkETgWbFJxEsZjQERmwrqYhCZhy09ktE3yslR7uR1K/EPBM/T2RkkCpceDrZEBgqBa9qfif102gf+mmPIwTYCGdL+onAkOEp8XgHpeMghhrQqjk+q+YDokkFHR9BV2CvXjyMmmdle3zcqVRKVWvsjry6AgV0Smy0QWqohtUR01E0SN6Rq/ozXgyXox342MezRnZzCH6A+PzB1GgmpY=</latexit>

⇤QCD ⇠ ⇤0

SM SU(3) coupling and  
dark SU(3) coupling are  
connected to each other  
via “bi-charged scalar”�

<latexit sha1_base64="SIWWhw4cDOJI1oTS6WRyjqImg48=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQY9FLx4r2A9oQ9lsN83S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gepf7vSeqNIvlo5kl1Bd4IlnICDa5NGxHbFStuXV3AbROvILUoEB7VP0ajmOSCioN4Vjrgecmxs+wMoxwOq8MU00TTKZ4QgeWSiyo9rPFrXN0YZUxCmNlSxq0UH9PZFhoPROB7RTYRHrVy8X/vEFqwhs/YzJJDZVkuShMOTIxyh9HY6YoMXxmCSaK2VsRibDCxNh4KjYEb/XlddJt1L2reuOhWWvdFnGU4QzO4RI8uIYW3EMbOkAggmd4hTdHOC/Ou/OxbC05xcwp/IHz+QPkB44j</latexit>



Cosmology requirement
Dark baryon - anti dark baryon annihilate to dark pions: 

<latexit sha1_base64="7FacQHeaXxBlm7s01X86Iuz1y1w=">AAACCHicbVDNS8MwHE3n15xfVY8eDA6ZIIxWhnoc8+JxgvuAtZQ0TbewNC1JKoyyoxf/FS8eFPHqn+DN/8Z060E3H4Q83vv9SN7zE0alsqxvo7Syura+Ud6sbG3v7O6Z+wddGacCkw6OWSz6PpKEUU46iipG+okgKPIZ6fnjm9zvPRAhaczv1SQhboSGnIYUI6Ulzzxu1eA5dHwksta0Bh0VQyehXpCL+e2ZVatuzQCXiV2QKijQ9swvJ4hxGhGuMENSDmwrUW6GhKKYkWnFSSVJEB6jIRloylFEpJvNgkzhqVYCGMZCH67gTP29kaFIyknk68kIqZFc9HLxP2+QqvDazShPUkU4nj8UpgzquHkrMKCCYMUmmiAsqP4rxCMkEFa6u4ouwV6MvEy6F3X7st64a1SbraKOMjgCJ+AM2OAKNMEtaIMOwOARPINX8GY8GS/Gu/ExHy0Zxc4h+APj8wcim5eK</latexit>

B0 + B̄0 ! ⇡d + ⇡d

Dark baryon        is the dark matter: stable & cold 

Dark pion        should be non-stable, otherwise:  
(1) dark sector might no be cold   
(2) if dark pion is heavy ==> overclosure problem  
(3) if dark pion is light ==> N_eff limit  

So we hope dark pion to decay 

<latexit sha1_base64="fT3oxqkWU8Oc0CnZlJBcU/Hy1pQ=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjF6IruGqEeCF48Y5ZHAhswOvTBhdnYzM2tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJaPZpygH9GB5CFn1FjpoXZOesWSW3bnIKvEy0gJMtR7xa9uP2ZphNIwQbXueG5i/AlVhjOB00I31ZhQNqID7FgqaYTan8xPnZIzq/RJGCtb0pC5+ntiQiOtx1FgOyNqhnrZm4n/eZ3UhDf+hMskNSjZYlGYCmJiMvub9LlCZsTYEsoUt7cSNqSKMmPTKdgQvOWXV0nzsuxdlSv3lVK1lsWRhxM4hQvw4BqqcAd1aACDATzDK7w5wnlx3p2PRWvOyWaO4Q+czx9Nb40q</latexit>

B0

<latexit sha1_base64="lNO0xkfmPe9yWvToTFt94ozVFLY=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20oWw2m3bpZhN2J0Ip/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemElh0HW/ndLa+sbmVnm7srO7t39QPTxqmTTXjPsslanuhNRwKRT3UaDknUxzmoSSt8PR3cxvP3FtRKoecZzxIKEDJWLBKFrJ72WiH/WrNbfuzkFWiVeQGhRo9qtfvShlecIVMkmN6XpuhsGEahRM8mmllxueUTaiA961VNGEm2AyP3ZKzqwSkTjVthSSufp7YkITY8ZJaDsTikOz7M3E/7xujvFNMBEqy5ErtlgU55JgSmafk0hozlCOLaFMC3srYUOqKUObT8WG4C2/vEpaF3Xvqn75cFlr3BZxlOEETuEcPLiGBtxDE3xgIOAZXuHNUc6L8+58LFpLTjFzDH/gfP4AxuGOrQ==</latexit>⇡d



Cosmology requirement

Dark baryon decay via 
dim-9 operator: life-time  

is longer than age of universe 

Dark pion decay via 
dim-6 operator: life-time  

is shorter than 1s (before BBN) 

Effective Lagrangian by integrating mediator: 

mediator       can be quite light:

200GeV < m� < 100TeV
<latexit sha1_base64="lLFwBmDxEekktGII1Jsrz4vk5MU=">AAACBHicbZC7SgNBFIZnvcZ4W7VMMxgEqzAbBS0sghZaRkg2gWRZZicnyZDZCzOzQlhS2PgqNhaK2PoQdr6Nk2QLTfxh4OM/53Dm/EEiuNKEfFsrq2vrG5uFreL2zu7evn1w6Ko4lQyaLBaxbAdUgeARNDXXAtqJBBoGAlrB6GZabz2AVDyOGnqcgBfSQcT7nFFtLN8uVQm5BRdf4dDPuvUhnxh0CMENcH27TCpkJrwMTg5llKvu21/dXszSECLNBFWq45BEexmVmjMBk2I3VZBQNqID6BiMaAjKy2ZHTPCJcXq4H0vzIo1n7u+JjIZKjcPAdIZUD9VibWr+V+ukun/pZTxKUg0Rmy/qpwLrGE8TwT0ugWkxNkCZ5OavmA2ppEyb3IomBGfx5GVwqxXnrFK9Py/XrvM4CqiEjtEpctAFqqE7VEdNxNAjekav6M16sl6sd+tj3rpi5TNH6I+szx9AnZVK</latexit>

decay before EWPT 
(for lepton-philic)

dark pion decay  
before BBN 

�
<latexit sha1_base64="SIWWhw4cDOJI1oTS6WRyjqImg48=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQY9FLx4r2A9oQ9lsN83S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gepf7vSeqNIvlo5kl1Bd4IlnICDa5NGxHbFStuXV3AbROvILUoEB7VP0ajmOSCioN4Vjrgecmxs+wMoxwOq8MU00TTKZ4QgeWSiyo9rPFrXN0YZUxCmNlSxq0UH9PZFhoPROB7RTYRHrVy8X/vEFqwhs/YzJJDZVkuShMOTIxyh9HY6YoMXxmCSaK2VsRibDCxNh4KjYEb/XlddJt1L2reuOhWWvdFnGU4QzO4RI8uIYW3EMbOkAggmd4hTdHOC/Ou/OxbC05xcwp/IHz+QPkB44j</latexit>



Detection of this model
(1) indirect search 

<latexit sha1_base64="7FacQHeaXxBlm7s01X86Iuz1y1w=">AAACCHicbVDNS8MwHE3n15xfVY8eDA6ZIIxWhnoc8+JxgvuAtZQ0TbewNC1JKoyyoxf/FS8eFPHqn+DN/8Z060E3H4Q83vv9SN7zE0alsqxvo7Syura+Ud6sbG3v7O6Z+wddGacCkw6OWSz6PpKEUU46iipG+okgKPIZ6fnjm9zvPRAhaczv1SQhboSGnIYUI6Ulzzxu1eA5dHwksta0Bh0VQyehXpCL+e2ZVatuzQCXiV2QKijQ9swvJ4hxGhGuMENSDmwrUW6GhKKYkWnFSSVJEB6jIRloylFEpJvNgkzhqVYCGMZCH67gTP29kaFIyknk68kIqZFc9HLxP2+QqvDazShPUkU4nj8UpgzquHkrMKCCYMUmmiAsqP4rxCMkEFa6u4ouwV6MvEy6F3X7st64a1SbraKOMjgCJ+AM2OAKNMEtaIMOwOARPINX8GY8GS/Gu/ExHy0Zxc4h+APj8wcim5eK</latexit>

B0 + B̄0 ! ⇡d + ⇡d Anti dark baryon have gone!

There is (generally) no indirect search signal



Detection of this model
(1) indirect search 

<latexit sha1_base64="7FacQHeaXxBlm7s01X86Iuz1y1w=">AAACCHicbVDNS8MwHE3n15xfVY8eDA6ZIIxWhnoc8+JxgvuAtZQ0TbewNC1JKoyyoxf/FS8eFPHqn+DN/8Z060E3H4Q83vv9SN7zE0alsqxvo7Syura+Ud6sbG3v7O6Z+wddGacCkw6OWSz6PpKEUU46iipG+okgKPIZ6fnjm9zvPRAhaczv1SQhboSGnIYUI6Ulzzxu1eA5dHwksta0Bh0VQyehXpCL+e2ZVatuzQCXiV2QKijQ9swvJ4hxGhGuMENSDmwrUW6GhKKYkWnFSSVJEB6jIRloylFEpJvNgkzhqVYCGMZCH67gTP29kaFIyknk68kIqZFc9HLxP2+QqvDazShPUkU4nj8UpgzquHkrMKCCYMUmmiAsqP4rxCMkEFa6u4ouwV6MvEy6F3X7st64a1SbraKOMjgCJ+AM2OAKNMEtaIMOwOARPINX8GY8GS/Gu/ExHy0Zxc4h+APj8wcim5eK</latexit>

B0 + B̄0 ! ⇡d + ⇡d Anti dark baryon have gone!

There is (generally) no indirect search signal

(2) Gravitational Waves: if the dark confinement is 1st order



Detection of this model
(3) direct search 

Integrating out the mediator:
<latexit sha1_base64="I53lg6OAle+x5SsB/KaPLwmrEns="></latexit>

2
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�
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µq0L)(ēR�µeR)

<latexit sha1_base64="+bbpx6+4XM296lB4/C/4pjfVgtY="></latexit>

2

2m2
�

(q̄0L�
µq0L)(q̄R�µqR)

<latexit sha1_base64="ZW9Gvj18EnykWZXgMIl0mAg910E=">AAAB6XicbVDLTgJBEOzFF+IL9ehlIjF6IruGqEeCF49o5JHAhswOszBhdnYz02tCCH/gxYPGePWPvPk3DrAHBSvppFLVne6uIJHCoOt+O7m19Y3Nrfx2YWd3b/+geHjUNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbmd+64lrI2L1iOOE+xEdKBEKRtFKD7XzXrHklt05yCrxMlKCDPVe8avbj1kacYVMUmM6npugP6EaBZN8WuimhieUjeiAdyxVNOLGn8wvnZIzq/RJGGtbCslc/T0xoZEx4yiwnRHFoVn2ZuJ/XifF8MafCJWkyBVbLApTSTAms7dJX2jOUI4toUwLeythQ6opQxtOwYbgLb+8SpqXZe+qXLmvlKq1LI48nMApXIAH11CFO6hDAxiE8Ayv8OaMnBfn3flYtOacbOYY/sD5/AH3kY0A</latexit>

B0Dark baryon        scatter with nuclear, or electron, via dim-6 operator

or

quark-philic lepton-philic



Detection of this model
(4) collider search 
quark-philic model search at hadron collider
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Detection of this model
(4) collider search 
quark-philic model search at hadron collider

Dark jet is very model dependent: 

Most dark mesons are stable or stable enough.

Invisible Jet (Missing Energy)

Most dark mesons are long-lived.

Emerging Jet (Displaced Track)

A fraction of dark mesons are stable.

Semi-visible Jet (Transverse Mass)

Phys. Rev. Lett. 115, no. 17, 171804 (2015)

JHEP 1505, 059 (2015)

Most of dark mesons decay to visible particles promptly

”QCD-like” dark jet. We can use jet sub-structure (q/g)

1712.07279 Myeonghun Park, MZ
<latexit sha1_base64="cKoepEpVk2eHIwiewI7VwckG6GM="></latexit>

Phys.Rev.D 100 (2019) 11, 115009
<latexit sha1_base64="Mk5391WYapY5p99iqXMb74iiZXE=">AAACC3icbVDLSgMxFM34rPU16tJNaBEqyJBURbsr6sJlFfuAtpRMmrahmcyQZApD6d6Nv+LGhSJu/QF3/o3pY6GtBy6cnHMvuff4keDaIPTtLC2vrK6tpzbSm1vbO7vu3n5Fh7GirExDEaqaTzQTXLKy4UawWqQYCXzBqn7/euxXB0xpHsoHk0SsGZCu5B1OibFSy82Ueon27tnAu2lAjFAD5vIIF47tA59gfI5QoeVmkYcmgIsEz0gWzFBquV+NdkjjgElDBdG6jlFkmkOiDKeCjdKNWLOI0D7psrqlkgRMN4eTW0bwyCpt2AmVLWngRP09MSSB1kng286AmJ6e98bif149Np3L5pDLKDZM0ulHnVhAE8JxMLDNFaNGJJYQqrjdFdIeUYQaG1/ahoDnT14klbyHT7383Vm2eDWLIwUOQQbkAAYXoAhuQQmUAQWP4Bm8gjfnyXlx3p2PaeuSM5s5AH/gfP4AqZGWVA==</latexit>



Detection of this model
(4) collider search 
quark-philic model search at hadron collider

How to tag a dark jet? one-prong jet tagging problem 

Gluon-Jet

↵SCA

Dark-Jet

↵dCd

We have a modified Casimir Scaling in Gluon/Dark Jet discrimination,
CA/CF should be changed to ↵SCA/↵dCd.
So, if ↵d is very di↵erent with ↵S ...



Detection of this model
(4) collider search 
lepton-philic model search at electron collider

e
<latexit sha1_base64="Pna6fdTWgvUMdKOvBzHgjCOOl/o=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJvbLFbfqzkFWiZeTCuRo9MtfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeG1n3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ipp16reRbXWvKzUb/I4inACp3AOHlxBHe6gAS1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDyruM7Q==</latexit>

ē
<latexit sha1_base64="SDkKF75WSRuaxklEWsA75qgcu9w=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQY9FLx4r2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1Fip0w+oynA2KFfcqrsAWSdeTiqQozkof/WHMUsjlIYJqnXPcxPjZ1QZzgTOSv1UY0LZhI6wZ6mkEWo/W5w7IxdWGZIwVrakIQv190RGI62nUWA7I2rGetWbi/95vdSEN37GZZIalGy5KEwFMTGZ/06GXCEzYmoJZYrbWwkbU0WZsQmVbAje6svrpF2relfV2kO90rjN4yjCGZzDJXhwDQ24hya0gMEEnuEV3pzEeXHenY9la8HJZ07hD5zPH4hnj7I=</latexit>

�
<latexit sha1_base64="SIWWhw4cDOJI1oTS6WRyjqImg48=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQY9FLx4r2A9oQ9lsN83S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gepf7vSeqNIvlo5kl1Bd4IlnICDa5NGxHbFStuXV3AbROvILUoEB7VP0ajmOSCioN4Vjrgecmxs+wMoxwOq8MU00TTKZ4QgeWSiyo9rPFrXN0YZUxCmNlSxq0UH9PZFhoPROB7RTYRHrVy8X/vEFqwhs/YzJJDZVkuShMOTIxyh9HY6YoMXxmCSaK2VsRibDCxNh4KjYEb/XlddJt1L2reuOhWWvdFnGU4QzO4RI8uIYW3EMbOkAggmd4hTdHOC/Ou/OxbC05xcwp/IHz+QPkB44j</latexit>

dark jet

dark jet



Detection of this model
(4) collider search 
lepton-philic model search at electron collider

displaced lepton-jet , ⾮常⼲净的信号

CEPC detector 

m
ed

ia
to

r m
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dark pion decay length



Conclusion
Asymmetric composite DM is well motivated 

Bi-charged scalar mediator is well motivated 

This model can be searched via: GWs, direct search, collider 

Collider signal: dark jet / lepton jet (very novel)


