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standard BBN picture
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Pospelov, Pradler [arXiv:1011.1054]
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big bang nucleosynthesis
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T>1 MeV 
weak interactions keep neutrons and protons in thermal equilibrium

n

p
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Helium-4 formation
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Helium-4 formation
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Helium-4 formation
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new physics can change this!
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however, we need to go beyond instantaneous approximation…

approximate weak freeze-out temperature

Instantaneous approximation:
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Neutron abundance at Weak freeze-out

phase-space integral
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instead,

need to go beyond instantaneous approximation…
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◆��
.

<latexit sha1_base64="PK48dSxyB6fT25m2U7lQ8TM5GA4="></latexit>

�Xn,W

Xn,W
' �mnp

TW

✓
�mnp

mnp
� �TW

TW

◆
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<latexit sha1_base64="0OYij4LbxPG/abYc8P9YEursDRw="></latexit>

��n

�n
=

6gA2
n

1 + 3gAn

�gAn

gAn

+ 2
�GF

GF
+ 5

�me

me
+

mnpP 0

meP

✓
�mnp

mnp
� �me

me

◆

<latexit sha1_base64="R89dG7L9UAcRYkMrlLFhz9pLZVE="></latexit>

�n =
1 + 3gA2

n

2⇡3
G2

Fm
5
eP

✓
mnp

me

◆phase space factor
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<latexit sha1_base64="w/gOVTyGcXaglnAg4f0nj8L0GIQ="></latexit>

�Yp

Yp
=

�Xn,BBN

Xn,BBN
+

�n

H

�BD

BD

�����
aBBN

�
Z aBBN

aW

da

a

�n

H

✓
6gA2

n

1 + 3gAn

�gAn

gAn

+ 2
�GF

GF
+ 5

�me

me
+

mnpP
0

meP

✓
�mnp

mnp
� �me

me

◆◆

deuterium binding energy axial couplingneutron abundance@BBN

Fermi constant electron mass neutron-proton mass difference

�Yp

Yp
=

Y exp
p � Y th

p

Y th
p

= �0.008± 0.012

<latexit sha1_base64="eeKouX5G2Bpmqq4BsbPFwqLaBLg="></latexit>
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Scalar field

universal coupling

additional contributions to SM particle masses!

<latexit sha1_base64="3gvFJ6R9OtnxPYhZSVjnWZXY68U="></latexit>

L � 1

2
(@µ�)

2 � 1

2
m2

��
2

<latexit sha1_base64="kDU8+wCbp4Bf90KLvL73yiLpfHY=">AAACDHicbVDLSgMxFM3UV62vqks3wSJUhDJTirosunFZwT6gM5RMmmlDk8yQh1CGfoAbf8WNC0Xc+gHu/BvTdkBtPRA4OedeknPChFGlXffLya2srq1v5DcLW9s7u3vF/YOWio3EpIljFstOiBRhVJCmppqRTiIJ4iEj7XB0PfXb90QqGos7PU5IwNFA0IhipK3UK5YGvdTnxhdm4usY/tzK3lnVH6EkQad2yq24M8Bl4mWkBDI0esVPvx9jw4nQmCGlup6b6CBFUlPMyKTgG0UShEdoQLqWCsSJCtJZmAk8sUofRrG0R2g4U39vpIgrNeahneRID9WiNxX/87pGR5dBSkViNBF4/lBkGLSxp83APpUEaza2BGFJ7V8hHiKJsLb9FWwJ3mLkZdKqVrzzSu22VqpfZXXkwRE4BmXggQtQBzegAZoAgwfwBF7Aq/PoPDtvzvt8NOdkO4fgD5yPb2RNmy8=</latexit>

gµ⌫ ! gµ⌫(1 + 2)
<latexit sha1_base64="n7kBb9WKPQkp9nYU0ZtjFxd4iOY=">AAACAXicbVDLSsNAFL3xWesr6kZwM1gEVyUpRV0W3bhwUcE+oIllMp20QyeTMDMRSqgbf8WNC0Xc+hfu/BunbRbaemDgcM493LknSDhT2nG+raXlldW19cJGcXNre2fX3ttvqjiVhDZIzGPZDrCinAna0Exz2k4kxVHAaSsYXk381gOVisXiTo8S6ke4L1jICNZG6tqHXigxybxkwO4r48y7MdEeNrRrl5yyMwVaJG5OSpCj3rW/vF5M0ogKTThWquM6ifYzLDUjnI6LXqpogskQ92nHUIEjqvxsesEYnRilh8JYmic0mqq/ExmOlBpFgZmMsB6oeW8i/ud1Uh1e+BkTSaqpILNFYcqRjtGkDtRjkhLNR4ZgIpn5KyIDbCrRprSiKcGdP3mRNCtl96xcva2Wapd5HQU4gmM4BRfOoQbXUIcGEHiEZ3iFN+vJerHerY/Z6JKVZw7gD6zPH3QtluY=</latexit>

�2

⇤2

<latexit sha1_base64="ufR7jKiS0fpxKUaEcJZtuAxszNo="></latexit>

LSM ! LSM ± �2

⇤2
mf f̄f ± �2

⇤2
m2

V V
2
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Scalar field

universal coupling

additional contributions to SM particle masses!

<latexit sha1_base64="3gvFJ6R9OtnxPYhZSVjnWZXY68U="></latexit>

L � 1

2
(@µ�)

2 � 1

2
m2

��
2

<latexit sha1_base64="kDU8+wCbp4Bf90KLvL73yiLpfHY=">AAACDHicbVDLSgMxFM3UV62vqks3wSJUhDJTirosunFZwT6gM5RMmmlDk8yQh1CGfoAbf8WNC0Xc+gHu/BvTdkBtPRA4OedeknPChFGlXffLya2srq1v5DcLW9s7u3vF/YOWio3EpIljFstOiBRhVJCmppqRTiIJ4iEj7XB0PfXb90QqGos7PU5IwNFA0IhipK3UK5YGvdTnxhdm4usY/tzK3lnVH6EkQad2yq24M8Bl4mWkBDI0esVPvx9jw4nQmCGlup6b6CBFUlPMyKTgG0UShEdoQLqWCsSJCtJZmAk8sUofRrG0R2g4U39vpIgrNeahneRID9WiNxX/87pGR5dBSkViNBF4/lBkGLSxp83APpUEaza2BGFJ7V8hHiKJsLb9FWwJ3mLkZdKqVrzzSu22VqpfZXXkwRE4BmXggQtQBzegAZoAgwfwBF7Aq/PoPDtvzvt8NOdkO4fgD5yPb2RNmy8=</latexit>

gµ⌫ ! gµ⌫(1 + 2)
<latexit sha1_base64="n7kBb9WKPQkp9nYU0ZtjFxd4iOY=">AAACAXicbVDLSsNAFL3xWesr6kZwM1gEVyUpRV0W3bhwUcE+oIllMp20QyeTMDMRSqgbf8WNC0Xc+hfu/BunbRbaemDgcM493LknSDhT2nG+raXlldW19cJGcXNre2fX3ttvqjiVhDZIzGPZDrCinAna0Exz2k4kxVHAaSsYXk381gOVisXiTo8S6ke4L1jICNZG6tqHXigxybxkwO4r48y7MdEeNrRrl5yyMwVaJG5OSpCj3rW/vF5M0ogKTThWquM6ifYzLDUjnI6LXqpogskQ92nHUIEjqvxsesEYnRilh8JYmic0mqq/ExmOlBpFgZmMsB6oeW8i/ud1Uh1e+BkTSaqpILNFYcqRjtGkDtRjkhLNR4ZgIpn5KyIDbCrRprSiKcGdP3mRNCtl96xcva2Wapd5HQU4gmM4BRfOoQbXUIcGEHiEZ3iFN+vJerHerY/Z6JKVZw7gD6zPH3QtluY=</latexit>

�2

⇤2

know: scalar is all of DM now


need to know: value of scalar field at BBN

<latexit sha1_base64="hwyBYugPjsYyxSrZl6OckbqkRw0=">AAACFHicbVDLSsNAFJ34rPUVdelmsAiCUJJS1I1Q1IUboYJ9QBPCZDpph84kcWYilJCPcOOvuHGhiFsX7vwbJ20W2npg4HDOudy5x48Zlcqyvo2FxaXlldXSWnl9Y3Nr29zZbcsoEZi0cMQi0fWRJIyGpKWoYqQbC4K4z0jHH13mfueBCEmj8E6NY+JyNAhpQDFSWvLMYyceUs86dwKBcOrIe6HSmiOGkZc6gsOrmyzLUu7lqcwzK1bVmgDOE7sgFVCg6ZlfTj/CCSehwgxJ2bOtWLkpEopiRrKyk0gSIzxCA9LTNEScSDedHJXBQ630YRAJ/UIFJ+rviRRxKcfc10mO1FDOern4n9dLVHDmpjSME0VCPF0UJAyqCOYNwT4VBCs21gRhQfVfIR4iXY/SPZZ1CfbsyfOkXavaJ9X6bb3SuCjqKIF9cACOgA1OQQNcgyZoAQwewTN4BW/Gk/FivBsf0+iCUczsgT8wPn8AzzmfVA==</latexit>

�0 =

p
2⇢DM

m�
<latexit sha1_base64="6QQOdCq7VcQFoPEAZxdjP9TC31Q=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVUY+lXjxJBfsB3bVk02wbmmSXJKuUpf/DiwdFvPpfvPlvTNs9aOuDgcd7M8zMCxPOtHHdb6ewsrq2vlHcLG1t7+zulfcPWjpOFaFNEvNYdUKsKWeSNg0znHYSRbEIOW2Ho+up336kSrNY3ptxQgOBB5JFjGBjpQc/GbJe5iuB6vXbSa9ccavuDGiZeDmpQI5Gr/zl92OSCioN4VjrrucmJsiwMoxwOin5qaYJJiM8oF1LJRZUB9ns6gk6sUofRbGyJQ2aqb8nMiy0HovQdgpshnrRm4r/ed3URFdBxmSSGirJfFGUcmRiNI0A9ZmixPCxJZgoZm9FZIgVJsYGVbIheIsvL5PWWdW7qJ7fnVdq9TyOIhzBMZyCB5dQgxtoQBMIKHiGV3hznpwX5935mLcWnHzmEP7A+fwB/RiSMA==</latexit>

�BBN

<latexit sha1_base64="ufR7jKiS0fpxKUaEcJZtuAxszNo="></latexit>

LSM ! LSM ± �2

⇤2
mf f̄f ± �2

⇤2
m2

V V
2
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<latexit sha1_base64="bw9mNIQ36syjACEG19Ppi7cUebw=">AAACCHicbVDLSgMxFM3UV62vUZcuDBaxIpQZLepGKLrpsoJ9QGcomUzahmYyQ5IRytClG3/FjQtF3PoJ7vwbM+0I2nog5HDOvTe5x4sYlcqyvozcwuLS8kp+tbC2vrG5ZW7vNGUYC0waOGShaHtIEkY5aSiqGGlHgqDAY6TlDW9Sv3VPhKQhv1OjiLgB6nPaoxgpLXXNfcf3Q+VEA3pyVnN+aPOolN7HV1bXLFplawI4T+yMFEGGetf81FNwHBCuMENSdmwrUm6ChKKYkXHBiSWJEB6iPuloylFApJtMFhnDQ634sBcKfbiCE/V3R4ICKUeBpysDpAZy1kvF/7xOrHqXbkJ5FCvC8fShXsygCmGaCvSpIFixkSYIC6r/CvEACYSVzq6gQ7BnV54nzdOyfV6u3FaK1essjjzYAwegBGxwAaqgBuqgATB4AE/gBbwaj8az8Wa8T0tzRtazC/7A+PgGqvCYdw==</latexit>

�̈+ 3H�̇+ V
0(�) = 0

<latexit sha1_base64="/ScCPNDk8+KNPlaafdTIDvUUFR0=">AAACEnicbZDLSgMxFIYz9VbrbdSlm2ARFKHM1KJuhKKbLivYC3TqkMlk2tAkMyQZoQx9Bje+ihsXirh15c63Mb0stPWHwMd/zkly/iBhVGnH+bZyS8srq2v59cLG5tb2jr2711RxKjFp4JjFsh0gRRgVpKGpZqSdSIJ4wEgrGNyM660HIhWNxZ0eJqTLUU/QiGKkjeXbJ14Yxhp6SZ+entU8wxPkfuZJDkkUje7LY+fK8e2iU3ImgovgzqAIZqr79pe5DqecCI0ZUqrjOonuZkhqihkZFbxUkQThAeqRjkGBOFHdbLLSCB4ZJ4RRLM0RGk7c3xMZ4koNeWA6OdJ9NV8bm//VOqmOLrsZFUmqicDTh6KUQR3DcT4wpJJgzYYGEJbU/BXiPpIIa5NiwYTgzq+8CM1yyT0vVW4rxer1LI48OACH4Bi44AJUQQ3UQQNg8AiewSt4s56sF+vd+pi25qzZzD74I+vzB/xgnQ0=</latexit>

�̈+ 3H�̇+m
2
e↵� = 0

<latexit sha1_base64="FBQJCXKlWPfMJtmtqPkpDOMTOP4=">AAACCnicbVC7TsMwFHV4lvIKMLIEKqSyVElVAQtSBQtjkehDakLkuE5r1XYi20Gqosws/AoLAwix8gVs/A1OmwFajnSvjs65V/Y9QUyJVLb9bSwtr6yurZc2yptb2zu75t5+R0aJQLiNIhqJXgAlpoTjtiKK4l4sMGQBxd1gfJ373QcsJIn4nZrE2GNwyElIEFRa8s2jTtWNR+T00g0FRKmTpfWM+bl0X59136zYNXsKa5E4BamAAi3f/HIHEUoY5gpRKGXfsWPlpVAogijOym4icQzRGA5xX1MOGZZeOj0ls060MrDCSOjiypqqvzdSyKScsEBPMqhGct7Lxf+8fqLCCy8lPE4U5mj2UJhQS0VWnos1IAIjRSeaQCSI/quFRlBnonR6ZR2CM3/yIunUa85ZrXHbqDSvijhK4BAcgypwwDloghvQAm2AwCN4Bq/gzXgyXox342M2umQUOwfgD4zPHyXqmfA=</latexit>

V (�) =
1

2
m2

��
2

<latexit sha1_base64="e5YNd1bJtZGKQVW/OeZVZcXMojE=">AAACD3icbVC7SgNBFJ2NrxhfUUubwaDEJuwuQW2EoI1lBPOAbBJmJ7PJkJnZZWZWCMv+gY2/YmOhiK2tnX/jbJJCEw9cOJxzL/fe40eMKm3b31ZuZXVtfSO/Wdja3tndK+4fNFUYS0waOGShbPtIEUYFaWiqGWlHkiDuM9LyxzeZ33ogUtFQ3OtJRLocDQUNKEbaSP3iabPsRSN6duUFEuHESRM35f3EkxySIEh7bub23H6xZFfsKeAyceakBOao94tf3iDEMSdCY4aU6jh2pLsJkppiRtKCFysSITxGQ9IxVCBOVDeZ/pPCE6MMYBBKU0LDqfp7IkFcqQn3TSdHeqQWvUz8z+vEOrjsJlREsSYCzxYFMYM6hFk4cEAlwZpNDEFYUnMrxCNkgtEmwoIJwVl8eZk03YpzXqneVUu163kceXAEjkEZOOAC1MAtqIMGwOARPINX8GY9WS/Wu/Uxa81Z85lD8AfW5w8Dg5wJ</latexit>

V (�) =
1

2
m2

e↵�
2
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ρDM ∝ constant ρDM ∝ a−3(t)

<latexit sha1_base64="61dxMHpqZbIrhyOA4jT/cQLDjHk=">AAACInicbZDLSgMxFIYz9VbrbdSlm2ARKoUyU4uXhVB002UFe4G2lkwmbUOTzJBkhDL0Wdz4Km5cKOpK8GHMtBW09UDg4//PSXJ+L2RUacf5tFJLyyura+n1zMbm1vaOvbtXV0EkManhgAWy6SFFGBWkpqlmpBlKgrjHSMMbXid+455IRQNxq0ch6XDUF7RHMdJG6toXbd8PdDsc0PxJpf2DOd6NExjfFfMJSg6p8CNMfKMcJ86l07WzTsGZFFwEdwZZMKtq13439+OIE6ExQ0q1XCfUnRhJTTEj40w7UiREeIj6pGVQIE5UJ56sOIZHRvFhL5DmCA0n6u+JGHGlRtwznRzpgZr3EvE/rxXp3nknpiKMNBF4+lAvYlAHMMkL+lQSrNnIAMKSmr9CPEASYW1SzZgQ3PmVF6FeLLinhdJNKVu+msWRBgfgEOSAC85AGVRAFdQABg/gCbyAV+vRerberI9pa8qazeyDP2V9fQODEaOl</latexit>

�̈+ 3H�̇+ (m2
� +m

2
induced)� = 0

???
H B
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trace of SM energy-momentum tensor

<latexit sha1_base64="P7M74LV6pllRHjSRjvEiThWcRZs="></latexit>

m2
f,V ! m2

f,V

✓
1± �2

⇤2

◆

<latexit sha1_base64="09oeSXO2hO6jKRRqBdJDbFeHdyo="></latexit>

m2
� ! m2

�,e↵ ⌘ m2
� ± 2

⇤2
⇥SM

<latexit sha1_base64="8HC/yeUEKtCbVC5epcAx94hjj20=">AAACEnicbZBNS8MwGMfT+TbnW9Wjl+AQ9OBodagXYejFizBxb7CWkmbpFpa0JUmFUfYZvPhVvHhQxKsnb34bs60M3fxD4Jf/8zwkz9+PGZXKsr6N3MLi0vJKfrWwtr6xuWVu7zRklAhM6jhikWj5SBJGQ1JXVDHSigVB3Gek6fevR/XmAxGSRmFNDWLictQNaUAxUtryzCOn1iMKeakjOLy/HV46ohdNb8en8ZQ9s2iVrLHgPNgZFEGmqmd+OZ0IJ5yECjMkZdu2YuWmSCiKGRkWnESSGOE+6pK2xhBxIt10vNIQHminA4NI6BMqOHZ/T6SISzngvu7kSPXkbG1k/ldrJyq4cFMaxokiIZ48FCQMqgiO8oEdKghWbKABYUH1XyHuIYGw0ikWdAj27Mrz0Dgp2Wel8l25WLnK4siDPbAPDoENzkEF3IAqqAMMHsEzeAVvxpPxYrwbH5PWnJHN7II/Mj5/AF1tnUg=</latexit>

⇥SM = ⇢SM � 3pSM
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S. Sibiryakov, P. Sørensen, TTY JHEP 20 (2020) 075 [arXiv: 2006.04820] 

https://arxiv.org/abs/2006.04820
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ρDM ∝ constant ρDM ∝ a−3(t)

<latexit sha1_base64="61dxMHpqZbIrhyOA4jT/cQLDjHk=">AAACInicbZDLSgMxFIYz9VbrbdSlm2ARKoUyU4uXhVB002UFe4G2lkwmbUOTzJBkhDL0Wdz4Km5cKOpK8GHMtBW09UDg4//PSXJ+L2RUacf5tFJLyyura+n1zMbm1vaOvbtXV0EkManhgAWy6SFFGBWkpqlmpBlKgrjHSMMbXid+455IRQNxq0ch6XDUF7RHMdJG6toXbd8PdDsc0PxJpf2DOd6NExjfFfMJSg6p8CNMfKMcJ86l07WzTsGZFFwEdwZZMKtq13439+OIE6ExQ0q1XCfUnRhJTTEj40w7UiREeIj6pGVQIE5UJ56sOIZHRvFhL5DmCA0n6u+JGHGlRtwznRzpgZr3EvE/rxXp3nknpiKMNBF4+lAvYlAHMMkL+lQSrNnIAMKSmr9CPEASYW1SzZgQ3PmVF6FeLLinhdJNKVu+msWRBgfgEOSAC85AGVRAFdQABg/gCbyAV+vRerberI9pa8qazeyDP2V9fQODEaOl</latexit>

�̈+ 3H�̇+ (m2
� +m

2
induced)� = 0

???
H B I
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S. Sibiryakov, P. Sørensen, TTY JHEP 20 (2020) 075 [arXiv: 2006.04820] 

https://arxiv.org/abs/2006.04820
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4He analytic constraint
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Hubble-dominated

bare-mass

dominated

see also 

Stadnik, Flambaum [1503.08540]

S. Sibiryakov, P. Sørensen, TTY JHEP 20 (2020) 075 [arXiv: 2006.04820] 

κ(a
W

) =
1

https://arxiv.org/abs/1503.08540
https://arxiv.org/abs/2006.04820
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Universally-Coupled Scalar
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Scalar with non-universal coupling
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Non-Universally coupled scalar(s)
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Conclusions
•BBN is well-explained by SM physics and therefore a powerful test of BSM physics


•ultralight scalar dark matter will modify the predictions of BBN


•the induced mass leads to non-trivial DM evolution


•instantaneous neutron freeze-out approximation is insufficient and leads to 
qualitatively different conclusions


•a large portion of ultralight scalar DM parameter space will have noticeable effects on 
BBN
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cảm ơn!


