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Dark matter must be “dark”.
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暗黒物質は電気的に中性としましょう。
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暗黒物質は”暗い”
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新粒子

中性だとしても、光子と相互作用する。

暗黒物質と光子
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中性だとしても、光子と相互作用する。

暗黒物質と光子
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直接探索で調べられるのでは？

暗黒物質と光子
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Spin-1 DM

Multipole

proton proton

今日のトーク

スピン1暗黒物質の多極子直接探索

Spin-1 DM

cf:  フェルミオンについて :   Hisano-Nagai-Nagata (2018), … 
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    一般論
   模型の例
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7つの形状因子
Hagiwara-Peccei-Zepenfeld-Hikasa (1986)
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Hagiwara-Peccei-Zepenfeld-Hikasa (1986)

長井  遼  (Padova)



VVA vertex

L =
ie

2m2
V

gA1


(V †

µ⌫V
µ � V †µVµ⌫)@�F

�⌫ � V †µV ⌫⇤Fµ⌫

�

<latexit sha1_base64="/n2Q1y9Cd+OPesRY20MP4HC4rFU="></latexit><latexit sha1_base64="/n2Q1y9Cd+OPesRY20MP4HC4rFU="></latexit><latexit sha1_base64="/n2Q1y9Cd+OPesRY20MP4HC4rFU="></latexit><latexit sha1_base64="/n2Q1y9Cd+OPesRY20MP4HC4rFU="></latexit>

+
e

m2
V

gA4 V
†
µV⌫(@

µ@⇢F
⇢⌫ + @⌫@⇢F

⇢µ)
<latexit sha1_base64="XX6vR1KK6VmXg8uKIBkEkM0LBM4="></latexit><latexit sha1_base64="XX6vR1KK6VmXg8uKIBkEkM0LBM4="></latexit><latexit sha1_base64="XX6vR1KK6VmXg8uKIBkEkM0LBM4="></latexit><latexit sha1_base64="XX6vR1KK6VmXg8uKIBkEkM0LBM4="></latexit>

+
e

m2
V

gA5 ✏
µ⌫⇢�(V †

µ

$
@⇢V⌫)@

�F��
<latexit sha1_base64="BBMyBg91jh3tZA65SYB8kPtDkJA="></latexit><latexit sha1_base64="BBMyBg91jh3tZA65SYB8kPtDkJA="></latexit><latexit sha1_base64="BBMyBg91jh3tZA65SYB8kPtDkJA="></latexit><latexit sha1_base64="BBMyBg91jh3tZA65SYB8kPtDkJA="></latexit>

+ieAV
†
µV⌫F

µ⌫ +
ie

m2
V

�AV
†
�µV

µ
⌫ F ⌫�

<latexit sha1_base64="G9T5BsYILsXsMRzBL7sMIae2Vzg="></latexit><latexit sha1_base64="G9T5BsYILsXsMRzBL7sMIae2Vzg="></latexit><latexit sha1_base64="G9T5BsYILsXsMRzBL7sMIae2Vzg="></latexit><latexit sha1_base64="G9T5BsYILsXsMRzBL7sMIae2Vzg="></latexit>

+iẽAV
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Direct detection
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O(ER/M, v2) は無視した．     ( M : reduced mass )
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Direct detection
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Magnetic quadrupole Electric quadrupole 

O(ER/M, v2) は無視した．     ( M : reduced mass )

      の寄与 ~ O(ER/M)  gA4
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O(ER/M, v2) は無視した．     ( M : reduced mass )

      の寄与 ~ O(ER/M)  gA4
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Direct detection
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�<latexit sha1_base64="n45ziWb6ILsuLJn3/tpmDPEnxMI=">AAAGI3icjVQ7b9NQFD4tBEp5tIUFiSUiCmKg0Q0qUDFVsDA2LWkrJSVynJvEqmMbPwKp5ZUBVhADE0gdED+DBYkNwdCBH4AYi8TCwHePnSiPOnCte+/xuef7zuMeu+6YhucLcTgze+Jk5tTpuTPzZ8+dv7CwuHRxy7MDV5dl3TZtd6euedI0LFn2Dd+UO44rtU7dlNv1vfvqfLsrXc+wrYd+z5G7Ha1lGU1D13yoSsu1xZwoCB7ZSaGYCDlKxrq9NPuM5vFUqUE26RRQhyRZ5EM2SSMPT4WKeBzodimEzoVk8LmkCNg80AHsJGw06PewtvAWgkuDbZv1++CPYNvErviz7PU4XCXRWnhX0XjsVwfOxHTBkqW8+CbeiyPxSXwQP8SfVK 6QOVQWPez1GCud2sLzy5u//4nqxz9ATUHokCysElFGU3PzUYNVzskAwmGNZCz76e6/Ptq8u5EPr4l34ifyfCsOxUdkanV/6QclufFmShRNrD1wdXASDW5WQl9F9pIewyaWWuw9ZJ3Ft+pi7QEVjaDkAKVibPwHwmJetaubDrjuku9t2MrFacCMOXSXsncGvaWhhjXWp2GCFNSjY1FyyIuq9VPu734/hYlFBClGR2N1M+FPTmXo26RxtNiHqmA6SwWzBSbVGYJuYBboFu9prKp3XKzm1OhGeQu0wpwx/2oqt895Vfn2bDCGrBm3MqFrsF0b/Rh3o+rDZWa/zbFEOPWAjjvV5S8kZKziUKwG4muzhct3/ISjmuwIFU3AfMd5W028jUc47Gu8M0Je+/4j/D+L43/LSWHrZqEoCsXSSm7tXvInnaMrdJWuo453aI0e0DqVObYX9JJeZQ4ynzNfMl9j09mZBHOJRkbm+18RqUIh</latexit><latexit sha1_base64="n45ziWb6ILsuLJn3/tpmDPEnxMI=">AAAGI3icjVQ7b9NQFD4tBEp5tIUFiSUiCmKg0Q0qUDFVsDA2LWkrJSVynJvEqmMbPwKp5ZUBVhADE0gdED+DBYkNwdCBH4AYi8TCwHePnSiPOnCte+/xuef7zuMeu+6YhucLcTgze+Jk5tTpuTPzZ8+dv7CwuHRxy7MDV5dl3TZtd6euedI0LFn2Dd+UO44rtU7dlNv1vfvqfLsrXc+wrYd+z5G7Ha1lGU1D13yoSsu1xZwoCB7ZSaGYCDlKxrq9NPuM5vFUqUE26RRQhyRZ5EM2SSMPT4WKeBzodimEzoVk8LmkCNg80AHsJGw06PewtvAWgkuDbZv1++CPYNvErviz7PU4XCXRWnhX0XjsVwfOxHTBkqW8+CbeiyPxSXwQP8SfVK 6QOVQWPez1GCud2sLzy5u//4nqxz9ATUHokCysElFGU3PzUYNVzskAwmGNZCz76e6/Ptq8u5EPr4l34ifyfCsOxUdkanV/6QclufFmShRNrD1wdXASDW5WQl9F9pIewyaWWuw9ZJ3Ft+pi7QEVjaDkAKVibPwHwmJetaubDrjuku9t2MrFacCMOXSXsncGvaWhhjXWp2GCFNSjY1FyyIuq9VPu734/hYlFBClGR2N1M+FPTmXo26RxtNiHqmA6SwWzBSbVGYJuYBboFu9prKp3XKzm1OhGeQu0wpwx/2oqt895Vfn2bDCGrBm3MqFrsF0b/Rh3o+rDZWa/zbFEOPWAjjvV5S8kZKziUKwG4muzhct3/ISjmuwIFU3AfMd5W028jUc47Gu8M0Je+/4j/D+L43/LSWHrZqEoCsXSSm7tXvInnaMrdJWuo453aI0e0DqVObYX9JJeZQ4ynzNfMl9j09mZBHOJRkbm+18RqUIh</latexit><latexit sha1_base64="n45ziWb6ILsuLJn3/tpmDPEnxMI=">AAAGI3icjVQ7b9NQFD4tBEp5tIUFiSUiCmKg0Q0qUDFVsDA2LWkrJSVynJvEqmMbPwKp5ZUBVhADE0gdED+DBYkNwdCBH4AYi8TCwHePnSiPOnCte+/xuef7zuMeu+6YhucLcTgze+Jk5tTpuTPzZ8+dv7CwuHRxy7MDV5dl3TZtd6euedI0LFn2Dd+UO44rtU7dlNv1vfvqfLsrXc+wrYd+z5G7Ha1lGU1D13yoSsu1xZwoCB7ZSaGYCDlKxrq9NPuM5vFUqUE26RRQhyRZ5EM2SSMPT4WKeBzodimEzoVk8LmkCNg80AHsJGw06PewtvAWgkuDbZv1++CPYNvErviz7PU4XCXRWnhX0XjsVwfOxHTBkqW8+CbeiyPxSXwQP8SfVK 6QOVQWPez1GCud2sLzy5u//4nqxz9ATUHokCysElFGU3PzUYNVzskAwmGNZCz76e6/Ptq8u5EPr4l34ifyfCsOxUdkanV/6QclufFmShRNrD1wdXASDW5WQl9F9pIewyaWWuw9ZJ3Ft+pi7QEVjaDkAKVibPwHwmJetaubDrjuku9t2MrFacCMOXSXsncGvaWhhjXWp2GCFNSjY1FyyIuq9VPu734/hYlFBClGR2N1M+FPTmXo26RxtNiHqmA6SwWzBSbVGYJuYBboFu9prKp3XKzm1OhGeQu0wpwx/2oqt895Vfn2bDCGrBm3MqFrsF0b/Rh3o+rDZWa/zbFEOPWAjjvV5S8kZKziUKwG4muzhct3/ISjmuwIFU3AfMd5W028jUc47Gu8M0Je+/4j/D+L43/LSWHrZqEoCsXSSm7tXvInnaMrdJWuo453aI0e0DqVObYX9JJeZQ4ynzNfMl9j09mZBHOJRkbm+18RqUIh</latexit><latexit sha1_base64="n45ziWb6ILsuLJn3/tpmDPEnxMI=">AAAGI3icjVQ7b9NQFD4tBEp5tIUFiSUiCmKg0Q0qUDFVsDA2LWkrJSVynJvEqmMbPwKp5ZUBVhADE0gdED+DBYkNwdCBH4AYi8TCwHePnSiPOnCte+/xuef7zuMeu+6YhucLcTgze+Jk5tTpuTPzZ8+dv7CwuHRxy7MDV5dl3TZtd6euedI0LFn2Dd+UO44rtU7dlNv1vfvqfLsrXc+wrYd+z5G7Ha1lGU1D13yoSsu1xZwoCB7ZSaGYCDlKxrq9NPuM5vFUqUE26RRQhyRZ5EM2SSMPT4WKeBzodimEzoVk8LmkCNg80AHsJGw06PewtvAWgkuDbZv1++CPYNvErviz7PU4XCXRWnhX0XjsVwfOxHTBkqW8+CbeiyPxSXwQP8SfVK 6QOVQWPez1GCud2sLzy5u//4nqxz9ATUHokCysElFGU3PzUYNVzskAwmGNZCz76e6/Ptq8u5EPr4l34ifyfCsOxUdkanV/6QclufFmShRNrD1wdXASDW5WQl9F9pIewyaWWuw9ZJ3Ft+pi7QEVjaDkAKVibPwHwmJetaubDrjuku9t2MrFacCMOXSXsncGvaWhhjXWp2GCFNSjY1FyyIuq9VPu734/hYlFBClGR2N1M+FPTmXo26RxtNiHqmA6SwWzBSbVGYJuYBboFu9prKp3XKzm1OhGeQu0wpwx/2oqt895Vfn2bDCGrBm3MqFrsF0b/Rh3o+rDZWa/zbFEOPWAjjvV5S8kZKziUKwG4muzhct3/ISjmuwIFU3AfMd5W028jUc47Gu8M0Je+/4j/D+L43/LSWHrZqEoCsXSSm7tXvInnaMrdJWuo453aI0e0DqVObYX9JJeZQ4ynzNfMl9j09mZBHOJRkbm+18RqUIh</latexit>

MDM

EDM

MQM

EQM

CR

AM

(µV )
<latexit sha1_base64="SlLCGFbQLRGb4KwMoAYAWAdJzCY="></latexit><latexit sha1_base64="SlLCGFbQLRGb4KwMoAYAWAdJzCY="></latexit><latexit sha1_base64="SlLCGFbQLRGb4KwMoAYAWAdJzCY="></latexit><latexit sha1_base64="SlLCGFbQLRGb4KwMoAYAWAdJzCY="></latexit>

(dV )
<latexit sha1_base64="wQeLzw09vn/fJ55IuwBQSZeGe60="></latexit><latexit sha1_base64="wQeLzw09vn/fJ55IuwBQSZeGe60="></latexit><latexit sha1_base64="wQeLzw09vn/fJ55IuwBQSZeGe60="></latexit><latexit sha1_base64="wQeLzw09vn/fJ55IuwBQSZeGe60="></latexit>

(QV )
<latexit sha1_base64="j74Khh0h6r4hgm2UQg9DeeWo4Mg="></latexit><latexit sha1_base64="j74Khh0h6r4hgm2UQg9DeeWo4Mg="></latexit><latexit sha1_base64="j74Khh0h6r4hgm2UQg9DeeWo4Mg="></latexit><latexit sha1_base64="j74Khh0h6r4hgm2UQg9DeeWo4Mg="></latexit>

(Q̃V )
<latexit sha1_base64="22X/OhAEaHovd1ErAOyBgAH6KDk="></latexit><latexit sha1_base64="22X/OhAEaHovd1ErAOyBgAH6KDk="></latexit><latexit sha1_base64="22X/OhAEaHovd1ErAOyBgAH6KDk="></latexit><latexit sha1_base64="22X/OhAEaHovd1ErAOyBgAH6KDk="></latexit>

(gA1 )
<latexit sha1_base64="Ecvw58Ib+4Q7L11H/M2sbw+8VNY="></latexit><latexit sha1_base64="Ecvw58Ib+4Q7L11H/M2sbw+8VNY="></latexit><latexit sha1_base64="Ecvw58Ib+4Q7L11H/M2sbw+8VNY="></latexit><latexit sha1_base64="Ecvw58Ib+4Q7L11H/M2sbw+8VNY="></latexit>

(gA5 )
<latexit sha1_base64="ywE5iZHxbYu+NUbP8BdK1uvW4FE="></latexit><latexit sha1_base64="ywE5iZHxbYu+NUbP8BdK1uvW4FE="></latexit><latexit sha1_base64="ywE5iZHxbYu+NUbP8BdK1uvW4FE="></latexit><latexit sha1_base64="ywE5iZHxbYu+NUbP8BdK1uvW4FE="></latexit>

C
<latexit sha1_base64="mdmJ+facaD8eM1ChmuTj/9PD/wE="></latexit><latexit sha1_base64="mdmJ+facaD8eM1ChmuTj/9PD/wE="></latexit><latexit sha1_base64="mdmJ+facaD8eM1ChmuTj/9PD/wE="></latexit><latexit sha1_base64="mdmJ+facaD8eM1ChmuTj/9PD/wE="></latexit>

P
<latexit sha1_base64="W+ui3SLK3l76GauP6FdknpeqaJk="></latexit><latexit sha1_base64="W+ui3SLK3l76GauP6FdknpeqaJk="></latexit><latexit sha1_base64="W+ui3SLK3l76GauP6FdknpeqaJk="></latexit><latexit sha1_base64="W+ui3SLK3l76GauP6FdknpeqaJk="></latexit>

+
<latexit sha1_base64="ZV6dDYzYRE0uIMloN+Eo2mRrRUg="></latexit><latexit sha1_base64="ZV6dDYzYRE0uIMloN+Eo2mRrRUg="></latexit><latexit sha1_base64="ZV6dDYzYRE0uIMloN+Eo2mRrRUg="></latexit><latexit sha1_base64="ZV6dDYzYRE0uIMloN+Eo2mRrRUg="></latexit>

+
<latexit sha1_base64="ZV6dDYzYRE0uIMloN+Eo2mRrRUg="></latexit><latexit sha1_base64="ZV6dDYzYRE0uIMloN+Eo2mRrRUg="></latexit><latexit sha1_base64="ZV6dDYzYRE0uIMloN+Eo2mRrRUg="></latexit><latexit sha1_base64="ZV6dDYzYRE0uIMloN+Eo2mRrRUg="></latexit>

+
<latexit sha1_base64="ZV6dDYzYRE0uIMloN+Eo2mRrRUg="></latexit><latexit sha1_base64="ZV6dDYzYRE0uIMloN+Eo2mRrRUg="></latexit><latexit sha1_base64="ZV6dDYzYRE0uIMloN+Eo2mRrRUg="></latexit><latexit sha1_base64="ZV6dDYzYRE0uIMloN+Eo2mRrRUg="></latexit>

+
<latexit sha1_base64="ZV6dDYzYRE0uIMloN+Eo2mRrRUg="></latexit><latexit sha1_base64="ZV6dDYzYRE0uIMloN+Eo2mRrRUg="></latexit><latexit sha1_base64="ZV6dDYzYRE0uIMloN+Eo2mRrRUg="></latexit><latexit sha1_base64="ZV6dDYzYRE0uIMloN+Eo2mRrRUg="></latexit>

+
<latexit sha1_base64="ZV6dDYzYRE0uIMloN+Eo2mRrRUg="></latexit><latexit sha1_base64="ZV6dDYzYRE0uIMloN+Eo2mRrRUg="></latexit><latexit sha1_base64="ZV6dDYzYRE0uIMloN+Eo2mRrRUg="></latexit><latexit sha1_base64="ZV6dDYzYRE0uIMloN+Eo2mRrRUg="></latexit>

+
<latexit sha1_base64="ZV6dDYzYRE0uIMloN+Eo2mRrRUg="></latexit><latexit sha1_base64="ZV6dDYzYRE0uIMloN+Eo2mRrRUg="></latexit><latexit sha1_base64="ZV6dDYzYRE0uIMloN+Eo2mRrRUg="></latexit><latexit sha1_base64="ZV6dDYzYRE0uIMloN+Eo2mRrRUg="></latexit>

�<latexit sha1_base64="n45ziWb6ILsuLJn3/tpmDPEnxMI="></latexit><latexit sha1_base64="n45ziWb6ILsuLJn3/tpmDPEnxMI="></latexit><latexit sha1_base64="n45ziWb6ILsuLJn3/tpmDPEnxMI="></latexit><latexit sha1_base64="n45ziWb6ILsuLJn3/tpmDPEnxMI="></latexit>+
<latexit sha1_base64="ZV6dDYzYRE0uIMloN+Eo2mRrRUg="></latexit><latexit sha1_base64="ZV6dDYzYRE0uIMloN+Eo2mRrRUg="></latexit><latexit sha1_base64="ZV6dDYzYRE0uIMloN+Eo2mRrRUg="></latexit><latexit sha1_base64="ZV6dDYzYRE0uIMloN+Eo2mRrRUg="></latexit>

�<latexit sha1_base64="n45ziWb6ILsuLJn3/tpmDPEnxMI="></latexit><latexit sha1_base64="n45ziWb6ILsuLJn3/tpmDPEnxMI="></latexit><latexit sha1_base64="n45ziWb6ILsuLJn3/tpmDPEnxMI="></latexit><latexit sha1_base64="n45ziWb6ILsuLJn3/tpmDPEnxMI="></latexit>+
<latexit sha1_base64="ZV6dDYzYRE0uIMloN+Eo2mRrRUg="></latexit><latexit sha1_base64="ZV6dDYzYRE0uIMloN+Eo2mRrRUg="></latexit><latexit sha1_base64="ZV6dDYzYRE0uIMloN+Eo2mRrRUg="></latexit><latexit sha1_base64="ZV6dDYzYRE0uIMloN+Eo2mRrRUg="></latexit>

�<latexit sha1_base64="n45ziWb6ILsuLJn3/tpmDPEnxMI="></latexit><latexit sha1_base64="n45ziWb6ILsuLJn3/tpmDPEnxMI="></latexit><latexit sha1_base64="n45ziWb6ILsuLJn3/tpmDPEnxMI="></latexit><latexit sha1_base64="n45ziWb6ILsuLJn3/tpmDPEnxMI="></latexit> �<latexit sha1_base64="n45ziWb6ILsuLJn3/tpmDPEnxMI="></latexit><latexit sha1_base64="n45ziWb6ILsuLJn3/tpmDPEnxMI="></latexit><latexit sha1_base64="n45ziWb6ILsuLJn3/tpmDPEnxMI="></latexit><latexit sha1_base64="n45ziWb6ILsuLJn3/tpmDPEnxMI="></latexit>
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Dipole moment
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MDM EDM

. 2⇥ 10�6µN
<latexit sha1_base64="3+/30/wzIliUNBCYhKBZa+VDaBU="></latexit><latexit sha1_base64="3+/30/wzIliUNBCYhKBZa+VDaBU="></latexit><latexit sha1_base64="3+/30/wzIliUNBCYhKBZa+VDaBU="></latexit><latexit sha1_base64="3+/30/wzIliUNBCYhKBZa+VDaBU="></latexit>

Nuclear magneton

. 2⇥ 10�10e 7K
<latexit sha1_base64="CcyiMETI+R1UaJRAGRM6vY/dhgw="></latexit><latexit sha1_base64="CcyiMETI+R1UaJRAGRM6vY/dhgw="></latexit><latexit sha1_base64="CcyiMETI+R1UaJRAGRM6vY/dhgw="></latexit><latexit sha1_base64="CcyiMETI+R1UaJRAGRM6vY/dhgw="></latexit>
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Direct detection

Upper limit 
(mDM ~ 30GeV)

2⇥ 10�6µN
<latexit sha1_base64="Gzw549xFek/tD3TiHns9WgZoPAg="></latexit><latexit sha1_base64="Gzw549xFek/tD3TiHns9WgZoPAg="></latexit><latexit sha1_base64="Gzw549xFek/tD3TiHns9WgZoPAg="></latexit><latexit sha1_base64="Gzw549xFek/tD3TiHns9WgZoPAg="></latexit>

3⇥ 10�9e 7K2
<latexit sha1_base64="AzPZ08B2WDcAhTQZAe6EsOv/FSE="></latexit><latexit sha1_base64="AzPZ08B2WDcAhTQZAe6EsOv/FSE="></latexit><latexit sha1_base64="AzPZ08B2WDcAhTQZAe6EsOv/FSE="></latexit><latexit sha1_base64="AzPZ08B2WDcAhTQZAe6EsOv/FSE="></latexit>

2⇥ 10�10e 7K
<latexit sha1_base64="pXCyOsRSJmFEph5W9e1FL6NtG00="></latexit><latexit sha1_base64="pXCyOsRSJmFEph5W9e1FL6NtG00="></latexit><latexit sha1_base64="pXCyOsRSJmFEph5W9e1FL6NtG00="></latexit><latexit sha1_base64="pXCyOsRSJmFEph5W9e1FL6NtG00="></latexit>

3⇥ 10�6e 7K2
<latexit sha1_base64="FMmsi7OTMiF3Vf2voA4OyXw4VjY="></latexit><latexit sha1_base64="FMmsi7OTMiF3Vf2voA4OyXw4VjY="></latexit><latexit sha1_base64="FMmsi7OTMiF3Vf2voA4OyXw4VjY="></latexit><latexit sha1_base64="FMmsi7OTMiF3Vf2voA4OyXw4VjY="></latexit>

3⇥ 10�5
<latexit sha1_base64="bgMuzC3Mbte+BSuMmHrjpUkSAhc="></latexit><latexit sha1_base64="bgMuzC3Mbte+BSuMmHrjpUkSAhc="></latexit><latexit sha1_base64="bgMuzC3Mbte+BSuMmHrjpUkSAhc="></latexit><latexit sha1_base64="bgMuzC3Mbte+BSuMmHrjpUkSAhc="></latexit>

8⇥ 10�3
<latexit sha1_base64="apkw6Jsz9cD0lQIAZ7sgP1TJers="></latexit><latexit sha1_base64="apkw6Jsz9cD0lQIAZ7sgP1TJers="></latexit><latexit sha1_base64="apkw6Jsz9cD0lQIAZ7sgP1TJers="></latexit><latexit sha1_base64="apkw6Jsz9cD0lQIAZ7sgP1TJers="></latexit>

MDM

EDM

MQM

EQM

CR

AM

(µV )
<latexit sha1_base64="SlLCGFbQLRGb4KwMoAYAWAdJzCY="></latexit><latexit sha1_base64="SlLCGFbQLRGb4KwMoAYAWAdJzCY="></latexit><latexit sha1_base64="SlLCGFbQLRGb4KwMoAYAWAdJzCY="></latexit><latexit sha1_base64="SlLCGFbQLRGb4KwMoAYAWAdJzCY="></latexit>

(dV )
<latexit sha1_base64="wQeLzw09vn/fJ55IuwBQSZeGe60="></latexit><latexit sha1_base64="wQeLzw09vn/fJ55IuwBQSZeGe60="></latexit><latexit sha1_base64="wQeLzw09vn/fJ55IuwBQSZeGe60="></latexit><latexit sha1_base64="wQeLzw09vn/fJ55IuwBQSZeGe60="></latexit>

(QV )
<latexit sha1_base64="j74Khh0h6r4hgm2UQg9DeeWo4Mg="></latexit><latexit sha1_base64="j74Khh0h6r4hgm2UQg9DeeWo4Mg="></latexit><latexit sha1_base64="j74Khh0h6r4hgm2UQg9DeeWo4Mg="></latexit><latexit sha1_base64="j74Khh0h6r4hgm2UQg9DeeWo4Mg="></latexit>

(Q̃V )
<latexit sha1_base64="22X/OhAEaHovd1ErAOyBgAH6KDk="></latexit><latexit sha1_base64="22X/OhAEaHovd1ErAOyBgAH6KDk="></latexit><latexit sha1_base64="22X/OhAEaHovd1ErAOyBgAH6KDk="></latexit><latexit sha1_base64="22X/OhAEaHovd1ErAOyBgAH6KDk="></latexit>

(gA1 )
<latexit sha1_base64="Ecvw58Ib+4Q7L11H/M2sbw+8VNY="></latexit><latexit sha1_base64="Ecvw58Ib+4Q7L11H/M2sbw+8VNY="></latexit><latexit sha1_base64="Ecvw58Ib+4Q7L11H/M2sbw+8VNY="></latexit><latexit sha1_base64="Ecvw58Ib+4Q7L11H/M2sbw+8VNY="></latexit>

(gA5 )
<latexit sha1_base64="ywE5iZHxbYu+NUbP8BdK1uvW4FE="></latexit><latexit sha1_base64="ywE5iZHxbYu+NUbP8BdK1uvW4FE="></latexit><latexit sha1_base64="ywE5iZHxbYu+NUbP8BdK1uvW4FE="></latexit><latexit sha1_base64="ywE5iZHxbYu+NUbP8BdK1uvW4FE="></latexit>

C
<latexit sha1_base64="mdmJ+facaD8eM1ChmuTj/9PD/wE="></latexit><latexit sha1_base64="mdmJ+facaD8eM1ChmuTj/9PD/wE="></latexit><latexit sha1_base64="mdmJ+facaD8eM1ChmuTj/9PD/wE="></latexit><latexit sha1_base64="mdmJ+facaD8eM1ChmuTj/9PD/wE="></latexit>

P
<latexit sha1_base64="W+ui3SLK3l76GauP6FdknpeqaJk="></latexit><latexit sha1_base64="W+ui3SLK3l76GauP6FdknpeqaJk="></latexit><latexit sha1_base64="W+ui3SLK3l76GauP6FdknpeqaJk="></latexit><latexit sha1_base64="W+ui3SLK3l76GauP6FdknpeqaJk="></latexit>

+
<latexit sha1_base64="ZV6dDYzYRE0uIMloN+Eo2mRrRUg="></latexit><latexit sha1_base64="ZV6dDYzYRE0uIMloN+Eo2mRrRUg="></latexit><latexit sha1_base64="ZV6dDYzYRE0uIMloN+Eo2mRrRUg="></latexit><latexit sha1_base64="ZV6dDYzYRE0uIMloN+Eo2mRrRUg="></latexit>

+
<latexit sha1_base64="ZV6dDYzYRE0uIMloN+Eo2mRrRUg="></latexit><latexit sha1_base64="ZV6dDYzYRE0uIMloN+Eo2mRrRUg="></latexit><latexit sha1_base64="ZV6dDYzYRE0uIMloN+Eo2mRrRUg="></latexit><latexit sha1_base64="ZV6dDYzYRE0uIMloN+Eo2mRrRUg="></latexit>

+
<latexit sha1_base64="ZV6dDYzYRE0uIMloN+Eo2mRrRUg="></latexit><latexit sha1_base64="ZV6dDYzYRE0uIMloN+Eo2mRrRUg="></latexit><latexit sha1_base64="ZV6dDYzYRE0uIMloN+Eo2mRrRUg="></latexit><latexit sha1_base64="ZV6dDYzYRE0uIMloN+Eo2mRrRUg="></latexit>

+
<latexit sha1_base64="ZV6dDYzYRE0uIMloN+Eo2mRrRUg="></latexit><latexit sha1_base64="ZV6dDYzYRE0uIMloN+Eo2mRrRUg="></latexit><latexit sha1_base64="ZV6dDYzYRE0uIMloN+Eo2mRrRUg="></latexit><latexit sha1_base64="ZV6dDYzYRE0uIMloN+Eo2mRrRUg="></latexit>

+
<latexit sha1_base64="ZV6dDYzYRE0uIMloN+Eo2mRrRUg="></latexit><latexit sha1_base64="ZV6dDYzYRE0uIMloN+Eo2mRrRUg="></latexit><latexit sha1_base64="ZV6dDYzYRE0uIMloN+Eo2mRrRUg="></latexit><latexit sha1_base64="ZV6dDYzYRE0uIMloN+Eo2mRrRUg="></latexit>

+
<latexit sha1_base64="ZV6dDYzYRE0uIMloN+Eo2mRrRUg="></latexit><latexit sha1_base64="ZV6dDYzYRE0uIMloN+Eo2mRrRUg="></latexit><latexit sha1_base64="ZV6dDYzYRE0uIMloN+Eo2mRrRUg="></latexit><latexit sha1_base64="ZV6dDYzYRE0uIMloN+Eo2mRrRUg="></latexit>

�<latexit sha1_base64="n45ziWb6ILsuLJn3/tpmDPEnxMI="></latexit><latexit sha1_base64="n45ziWb6ILsuLJn3/tpmDPEnxMI="></latexit><latexit sha1_base64="n45ziWb6ILsuLJn3/tpmDPEnxMI="></latexit><latexit sha1_base64="n45ziWb6ILsuLJn3/tpmDPEnxMI="></latexit>+
<latexit sha1_base64="ZV6dDYzYRE0uIMloN+Eo2mRrRUg="></latexit><latexit sha1_base64="ZV6dDYzYRE0uIMloN+Eo2mRrRUg="></latexit><latexit sha1_base64="ZV6dDYzYRE0uIMloN+Eo2mRrRUg="></latexit><latexit sha1_base64="ZV6dDYzYRE0uIMloN+Eo2mRrRUg="></latexit>

�<latexit sha1_base64="n45ziWb6ILsuLJn3/tpmDPEnxMI="></latexit><latexit sha1_base64="n45ziWb6ILsuLJn3/tpmDPEnxMI="></latexit><latexit sha1_base64="n45ziWb6ILsuLJn3/tpmDPEnxMI="></latexit><latexit sha1_base64="n45ziWb6ILsuLJn3/tpmDPEnxMI="></latexit>+
<latexit sha1_base64="ZV6dDYzYRE0uIMloN+Eo2mRrRUg="></latexit><latexit sha1_base64="ZV6dDYzYRE0uIMloN+Eo2mRrRUg="></latexit><latexit sha1_base64="ZV6dDYzYRE0uIMloN+Eo2mRrRUg="></latexit><latexit sha1_base64="ZV6dDYzYRE0uIMloN+Eo2mRrRUg="></latexit>

�<latexit sha1_base64="n45ziWb6ILsuLJn3/tpmDPEnxMI="></latexit><latexit sha1_base64="n45ziWb6ILsuLJn3/tpmDPEnxMI="></latexit><latexit sha1_base64="n45ziWb6ILsuLJn3/tpmDPEnxMI="></latexit><latexit sha1_base64="n45ziWb6ILsuLJn3/tpmDPEnxMI="></latexit> �<latexit sha1_base64="n45ziWb6ILsuLJn3/tpmDPEnxMI="></latexit><latexit sha1_base64="n45ziWb6ILsuLJn3/tpmDPEnxMI="></latexit><latexit sha1_base64="n45ziWb6ILsuLJn3/tpmDPEnxMI="></latexit><latexit sha1_base64="n45ziWb6ILsuLJn3/tpmDPEnxMI="></latexit>
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    一般論
   模型の例

今日のトーク
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Recipe

1)   非可換ゲージ対称性の自発的破れ

2)   U(1) 対称性

3)   新たな物質場 (DMとphoton, どちらとも結合する)

→  新たなベクトル場

→  安定性,  複素場

→  多極子

３つの要素
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A simple model

 SM-like “dark” SSB :  

global global
SU(2)D × U(1)X  →  U(1)D

“dark” Higgs 
( SU(2)D doublet )

for simplicity
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A simple model

 3つのゲージボソン W+
D , W�

D , W 0
D

<latexit sha1_base64="Y++4tLxaIlIoD2iLhLPVtD1Mjfc="></latexit><latexit sha1_base64="Y++4tLxaIlIoD2iLhLPVtD1Mjfc="></latexit><latexit sha1_base64="Y++4tLxaIlIoD2iLhLPVtD1Mjfc="></latexit><latexit sha1_base64="Y++4tLxaIlIoD2iLhLPVtD1Mjfc="></latexit>

U(1)D charged

 SM-like “dark” SSB :  

global global
SU(2)D × U(1)X  →  U(1)D

長井  遼  (Padova)



A simple model

物質場を導入

 l
<latexit sha1_base64="knNGtvKfYLvH2kkLznhhhD4hmsY="></latexit><latexit sha1_base64="knNGtvKfYLvH2kkLznhhhD4hmsY="></latexit><latexit sha1_base64="knNGtvKfYLvH2kkLznhhhD4hmsY="></latexit><latexit sha1_base64="knNGtvKfYLvH2kkLznhhhD4hmsY="></latexit>

 e
<latexit sha1_base64="V0NESwCcjwvbjxkEmtwSIOleVkY="></latexit><latexit sha1_base64="V0NESwCcjwvbjxkEmtwSIOleVkY="></latexit><latexit sha1_base64="V0NESwCcjwvbjxkEmtwSIOleVkY="></latexit><latexit sha1_base64="PPHZW1NV4iKNG63hCYKotw0xMPs="></latexit><latexit sha1_base64="2s3X98TC2ZsxljDM+ICCys8++t0="></latexit><latexit sha1_base64="2s3X98TC2ZsxljDM+ICCys8++t0="></latexit><latexit sha1_base64="/a2M7w/ch2wBcU/nrPxfMlAo+tI="></latexit><latexit sha1_base64="V0NESwCcjwvbjxkEmtwSIOleVkY="></latexit><latexit sha1_base64="V0NESwCcjwvbjxkEmtwSIOleVkY="></latexit><latexit sha1_base64="V0NESwCcjwvbjxkEmtwSIOleVkY="></latexit><latexit sha1_base64="V0NESwCcjwvbjxkEmtwSIOleVkY="></latexit><latexit sha1_base64="V0NESwCcjwvbjxkEmtwSIOleVkY="></latexit><latexit sha1_base64="V0NESwCcjwvbjxkEmtwSIOleVkY="></latexit>

SU(2)D U(1)X SU(3)C SU(2)L U(1)Y
<latexit sha1_base64="4hOIxXvH1jtjCmLQi2ig3toWzfk="></latexit><latexit sha1_base64="4hOIxXvH1jtjCmLQi2ig3toWzfk="></latexit><latexit sha1_base64="4hOIxXvH1jtjCmLQi2ig3toWzfk="></latexit><latexit sha1_base64="4hOIxXvH1jtjCmLQi2ig3toWzfk="></latexit>

2
<latexit sha1_base64="hqQAMw2YAFrqEFVbIRCWJpy+Ygs="></latexit><latexit sha1_base64="hqQAMw2YAFrqEFVbIRCWJpy+Ygs="></latexit><latexit sha1_base64="hqQAMw2YAFrqEFVbIRCWJpy+Ygs="></latexit><latexit sha1_base64="hqQAMw2YAFrqEFVbIRCWJpy+Ygs="></latexit>

1
<latexit sha1_base64="g89b2RVNXxEmr9KVharITomrfEU="></latexit><latexit sha1_base64="g89b2RVNXxEmr9KVharITomrfEU="></latexit><latexit sha1_base64="g89b2RVNXxEmr9KVharITomrfEU="></latexit><latexit sha1_base64="g89b2RVNXxEmr9KVharITomrfEU="></latexit>

1
<latexit sha1_base64="g89b2RVNXxEmr9KVharITomrfEU="></latexit><latexit sha1_base64="g89b2RVNXxEmr9KVharITomrfEU="></latexit><latexit sha1_base64="g89b2RVNXxEmr9KVharITomrfEU="></latexit><latexit sha1_base64="g89b2RVNXxEmr9KVharITomrfEU="></latexit>

1
<latexit sha1_base64="g89b2RVNXxEmr9KVharITomrfEU="></latexit><latexit sha1_base64="g89b2RVNXxEmr9KVharITomrfEU="></latexit><latexit sha1_base64="g89b2RVNXxEmr9KVharITomrfEU="></latexit><latexit sha1_base64="g89b2RVNXxEmr9KVharITomrfEU="></latexit>

1
<latexit sha1_base64="g89b2RVNXxEmr9KVharITomrfEU="></latexit><latexit sha1_base64="g89b2RVNXxEmr9KVharITomrfEU="></latexit><latexit sha1_base64="g89b2RVNXxEmr9KVharITomrfEU="></latexit><latexit sha1_base64="g89b2RVNXxEmr9KVharITomrfEU="></latexit>

1
<latexit sha1_base64="g89b2RVNXxEmr9KVharITomrfEU="></latexit><latexit sha1_base64="g89b2RVNXxEmr9KVharITomrfEU="></latexit><latexit sha1_base64="g89b2RVNXxEmr9KVharITomrfEU="></latexit><latexit sha1_base64="g89b2RVNXxEmr9KVharITomrfEU="></latexit>

�1/2
<latexit sha1_base64="s3dcgz0c+2z8lN2pBIdAsPYn+Kk="></latexit><latexit sha1_base64="s3dcgz0c+2z8lN2pBIdAsPYn+Kk="></latexit><latexit sha1_base64="s3dcgz0c+2z8lN2pBIdAsPYn+Kk="></latexit><latexit sha1_base64="s3dcgz0c+2z8lN2pBIdAsPYn+Kk="></latexit>

�1
<latexit sha1_base64="Z2xU968AwDCQWuhnHCR6m+p2LcY="></latexit><latexit sha1_base64="Z2xU968AwDCQWuhnHCR6m+p2LcY="></latexit><latexit sha1_base64="Z2xU968AwDCQWuhnHCR6m+p2LcY="></latexit><latexit sha1_base64="Z2xU968AwDCQWuhnHCR6m+p2LcY="></latexit>

�1
<latexit sha1_base64="Z2xU968AwDCQWuhnHCR6m+p2LcY="></latexit><latexit sha1_base64="Z2xU968AwDCQWuhnHCR6m+p2LcY="></latexit><latexit sha1_base64="Z2xU968AwDCQWuhnHCR6m+p2LcY="></latexit><latexit sha1_base64="Z2xU968AwDCQWuhnHCR6m+p2LcY="></latexit>

�1
<latexit sha1_base64="Z2xU968AwDCQWuhnHCR6m+p2LcY="></latexit><latexit sha1_base64="Z2xU968AwDCQWuhnHCR6m+p2LcY="></latexit><latexit sha1_base64="Z2xU968AwDCQWuhnHCR6m+p2LcY="></latexit><latexit sha1_base64="Z2xU968AwDCQWuhnHCR6m+p2LcY="></latexit>
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A simple model

U(1)EM
<latexit sha1_base64="H8ezxJ1R202wYi2gi6Oe4frQOtY="></latexit><latexit sha1_base64="H8ezxJ1R202wYi2gi6Oe4frQOtY="></latexit><latexit sha1_base64="H8ezxJ1R202wYi2gi6Oe4frQOtY="></latexit><latexit sha1_base64="H8ezxJ1R202wYi2gi6Oe4frQOtY="></latexit>

U(1)D
<latexit sha1_base64="jvYzs4bTZKunRcoMt0R9CBwu7cM="></latexit><latexit sha1_base64="jvYzs4bTZKunRcoMt0R9CBwu7cM="></latexit><latexit sha1_base64="jvYzs4bTZKunRcoMt0R9CBwu7cM="></latexit><latexit sha1_base64="jvYzs4bTZKunRcoMt0R9CBwu7cM="></latexit>

W 0
D

<latexit sha1_base64="O09FzqC5EwI71mfz/scdK22uQjk="></latexit><latexit sha1_base64="O09FzqC5EwI71mfz/scdK22uQjk="></latexit><latexit sha1_base64="O09FzqC5EwI71mfz/scdK22uQjk="></latexit><latexit sha1_base64="O09FzqC5EwI71mfz/scdK22uQjk="></latexit>

 N
<latexit sha1_base64="BShJucMhdh7fWbHwdZS2jcXhGlM="></latexit><latexit sha1_base64="BShJucMhdh7fWbHwdZS2jcXhGlM="></latexit><latexit sha1_base64="BShJucMhdh7fWbHwdZS2jcXhGlM="></latexit><latexit sha1_base64="BShJucMhdh7fWbHwdZS2jcXhGlM="></latexit>

 E1
<latexit sha1_base64="JP3QAzRDe+jdFUW0A0gv89829Y0="></latexit><latexit sha1_base64="JP3QAzRDe+jdFUW0A0gv89829Y0="></latexit><latexit sha1_base64="JP3QAzRDe+jdFUW0A0gv89829Y0="></latexit><latexit sha1_base64="JP3QAzRDe+jdFUW0A0gv89829Y0="></latexit>

 E2
<latexit sha1_base64="dWhbsqLXA+fLnBDKx7oFmMZCRu0="></latexit><latexit sha1_base64="dWhbsqLXA+fLnBDKx7oFmMZCRu0="></latexit><latexit sha1_base64="dWhbsqLXA+fLnBDKx7oFmMZCRu0="></latexit><latexit sha1_base64="dWhbsqLXA+fLnBDKx7oFmMZCRu0="></latexit>

W+
D

<latexit sha1_base64="GiKW3tICAXxIyRLQILIHVdI9BrM="></latexit><latexit sha1_base64="GiKW3tICAXxIyRLQILIHVdI9BrM="></latexit><latexit sha1_base64="GiKW3tICAXxIyRLQILIHVdI9BrM="></latexit><latexit sha1_base64="GiKW3tICAXxIyRLQILIHVdI9BrM="></latexit>

W�
D

<latexit sha1_base64="IIlQ0QVmmG9xdUcyHHubpyirdk4="></latexit><latexit sha1_base64="IIlQ0QVmmG9xdUcyHHubpyirdk4="></latexit><latexit sha1_base64="IIlQ0QVmmG9xdUcyHHubpyirdk4="></latexit><latexit sha1_base64="IIlQ0QVmmG9xdUcyHHubpyirdk4="></latexit>

Mass

mWD
<latexit sha1_base64="7glhYSjzi5FGTvfAAUVyCD0iIdc="></latexit><latexit sha1_base64="7glhYSjzi5FGTvfAAUVyCD0iIdc="></latexit><latexit sha1_base64="7glhYSjzi5FGTvfAAUVyCD0iIdc="></latexit><latexit sha1_base64="7glhYSjzi5FGTvfAAUVyCD0iIdc="></latexit>

mWD
<latexit sha1_base64="7glhYSjzi5FGTvfAAUVyCD0iIdc="></latexit><latexit sha1_base64="7glhYSjzi5FGTvfAAUVyCD0iIdc="></latexit><latexit sha1_base64="7glhYSjzi5FGTvfAAUVyCD0iIdc="></latexit><latexit sha1_base64="7glhYSjzi5FGTvfAAUVyCD0iIdc="></latexit>

mWD
<latexit sha1_base64="7glhYSjzi5FGTvfAAUVyCD0iIdc="></latexit><latexit sha1_base64="7glhYSjzi5FGTvfAAUVyCD0iIdc="></latexit><latexit sha1_base64="7glhYSjzi5FGTvfAAUVyCD0iIdc="></latexit><latexit sha1_base64="7glhYSjzi5FGTvfAAUVyCD0iIdc="></latexit>

mN
<latexit sha1_base64="yPrS/Kk1PBeDM7H0Phn1Inr6IMA="></latexit><latexit sha1_base64="yPrS/Kk1PBeDM7H0Phn1Inr6IMA="></latexit><latexit sha1_base64="yPrS/Kk1PBeDM7H0Phn1Inr6IMA="></latexit><latexit sha1_base64="yPrS/Kk1PBeDM7H0Phn1Inr6IMA="></latexit>

mE1
<latexit sha1_base64="q98eaX049l57QGzHBT74jifqygg="></latexit><latexit sha1_base64="q98eaX049l57QGzHBT74jifqygg="></latexit><latexit sha1_base64="q98eaX049l57QGzHBT74jifqygg="></latexit><latexit sha1_base64="q98eaX049l57QGzHBT74jifqygg="></latexit>

mE2
<latexit sha1_base64="tjLEkIJO8oadCe3KjPZAVfQ3SNw="></latexit><latexit sha1_base64="tjLEkIJO8oadCe3KjPZAVfQ3SNw="></latexit><latexit sha1_base64="tjLEkIJO8oadCe3KjPZAVfQ3SNw="></latexit><latexit sha1_base64="tjLEkIJO8oadCe3KjPZAVfQ3SNw="></latexit>

+1
<latexit sha1_base64="XEU9xkAPlgmfuoRrlWG2sUAiZGQ="></latexit><latexit sha1_base64="XEU9xkAPlgmfuoRrlWG2sUAiZGQ="></latexit><latexit sha1_base64="XEU9xkAPlgmfuoRrlWG2sUAiZGQ="></latexit><latexit sha1_base64="XEU9xkAPlgmfuoRrlWG2sUAiZGQ="></latexit>

�1
<latexit sha1_base64="Z2xU968AwDCQWuhnHCR6m+p2LcY="></latexit><latexit sha1_base64="Z2xU968AwDCQWuhnHCR6m+p2LcY="></latexit><latexit sha1_base64="Z2xU968AwDCQWuhnHCR6m+p2LcY="></latexit><latexit sha1_base64="Z2xU968AwDCQWuhnHCR6m+p2LcY="></latexit>

�1
<latexit sha1_base64="Z2xU968AwDCQWuhnHCR6m+p2LcY="></latexit><latexit sha1_base64="Z2xU968AwDCQWuhnHCR6m+p2LcY="></latexit><latexit sha1_base64="Z2xU968AwDCQWuhnHCR6m+p2LcY="></latexit><latexit sha1_base64="Z2xU968AwDCQWuhnHCR6m+p2LcY="></latexit>

�1
<latexit sha1_base64="Z2xU968AwDCQWuhnHCR6m+p2LcY="></latexit><latexit sha1_base64="Z2xU968AwDCQWuhnHCR6m+p2LcY="></latexit><latexit sha1_base64="Z2xU968AwDCQWuhnHCR6m+p2LcY="></latexit><latexit sha1_base64="Z2xU968AwDCQWuhnHCR6m+p2LcY="></latexit>

�1
<latexit sha1_base64="Z2xU968AwDCQWuhnHCR6m+p2LcY="></latexit><latexit sha1_base64="Z2xU968AwDCQWuhnHCR6m+p2LcY="></latexit><latexit sha1_base64="Z2xU968AwDCQWuhnHCR6m+p2LcY="></latexit><latexit sha1_base64="Z2xU968AwDCQWuhnHCR6m+p2LcY="></latexit>

�1
<latexit sha1_base64="Z2xU968AwDCQWuhnHCR6m+p2LcY="></latexit><latexit sha1_base64="Z2xU968AwDCQWuhnHCR6m+p2LcY="></latexit><latexit sha1_base64="Z2xU968AwDCQWuhnHCR6m+p2LcY="></latexit><latexit sha1_base64="Z2xU968AwDCQWuhnHCR6m+p2LcY="></latexit>

�1
<latexit sha1_base64="Z2xU968AwDCQWuhnHCR6m+p2LcY="></latexit><latexit sha1_base64="Z2xU968AwDCQWuhnHCR6m+p2LcY="></latexit><latexit sha1_base64="Z2xU968AwDCQWuhnHCR6m+p2LcY="></latexit><latexit sha1_base64="Z2xU968AwDCQWuhnHCR6m+p2LcY="></latexit>

0
<latexit sha1_base64="qLfNYF82lzy3VbqezUCJZr+1mzQ="></latexit><latexit sha1_base64="qLfNYF82lzy3VbqezUCJZr+1mzQ="></latexit><latexit sha1_base64="qLfNYF82lzy3VbqezUCJZr+1mzQ="></latexit><latexit sha1_base64="qLfNYF82lzy3VbqezUCJZr+1mzQ="></latexit>

0
<latexit sha1_base64="qLfNYF82lzy3VbqezUCJZr+1mzQ="></latexit><latexit sha1_base64="qLfNYF82lzy3VbqezUCJZr+1mzQ="></latexit><latexit sha1_base64="qLfNYF82lzy3VbqezUCJZr+1mzQ="></latexit><latexit sha1_base64="qLfNYF82lzy3VbqezUCJZr+1mzQ="></latexit>

0
<latexit sha1_base64="qLfNYF82lzy3VbqezUCJZr+1mzQ="></latexit><latexit sha1_base64="qLfNYF82lzy3VbqezUCJZr+1mzQ="></latexit><latexit sha1_base64="qLfNYF82lzy3VbqezUCJZr+1mzQ="></latexit><latexit sha1_base64="qLfNYF82lzy3VbqezUCJZr+1mzQ="></latexit>

0
<latexit sha1_base64="qLfNYF82lzy3VbqezUCJZr+1mzQ="></latexit><latexit sha1_base64="qLfNYF82lzy3VbqezUCJZr+1mzQ="></latexit><latexit sha1_base64="qLfNYF82lzy3VbqezUCJZr+1mzQ="></latexit><latexit sha1_base64="qLfNYF82lzy3VbqezUCJZr+1mzQ="></latexit>

0
<latexit sha1_base64="qLfNYF82lzy3VbqezUCJZr+1mzQ="></latexit><latexit sha1_base64="qLfNYF82lzy3VbqezUCJZr+1mzQ="></latexit><latexit sha1_base64="qLfNYF82lzy3VbqezUCJZr+1mzQ="></latexit><latexit sha1_base64="qLfNYF82lzy3VbqezUCJZr+1mzQ="></latexit>

→ DM

→ Multipoles

　　　　　　　    を仮定  mWD < mE1,E2
<latexit sha1_base64="CyZzYbAWC+AvEk45zESx0sGPS50="></latexit><latexit sha1_base64="CyZzYbAWC+AvEk45zESx0sGPS50="></latexit><latexit sha1_base64="CyZzYbAWC+AvEk45zESx0sGPS50="></latexit><latexit sha1_base64="CyZzYbAWC+AvEk45zESx0sGPS50="></latexit>
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Dark multipoles
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→  Charge radius
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Dark multipoles
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V
z
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z

Ψ

Ψ

Parameters:    mV,   mΨ,   gD,  Ψ-mixing (~ Yukawa)
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1 1
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物質場の質量
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1 1
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長井  遼  (Padova)



まとめ

Despite the loop suppression,  the dark multipoles
can lead to detectable rate in the direct detections.

V V
Multipole

A
6つの形状因子

スピン1暗黒物質の多極子直接探索
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