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Searches for BSM signals

    Direct searches

    Indirect searches

How to organize BSM signals ?
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Can we be systematic ?
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Beyond HEFT ?
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Talk plan

   Adding  spin-0

   Adding  spin-1/2

1904.07618 (PRD)

2102.08519 (PRD)
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125GeV higgs NGBs (π1, π2, π3) 

HEFT revisited
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HEFT revisited
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HEFT revisited
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On-shell scalar amplitudes
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On-shell scalar amplitudes
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NGB / Higgs
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On-shell scalar amplitudes
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On-shell scalar amplitudes
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Summary so far
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Talk plan

   Adding  spin-0

   Adding  spin-1/2

1904.07618 (PRD)

2102.08519 (PRD)
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<latexit sha1_base64="bh8jmEmfwsbGz9dqWHks31XHWHg="></latexit><latexit sha1_base64="bh8jmEmfwsbGz9dqWHks31XHWHg="></latexit><latexit sha1_base64="bh8jmEmfwsbGz9dqWHks31XHWHg="></latexit><latexit sha1_base64="bh8jmEmfwsbGz9dqWHks31XHWHg="></latexit>

Lscalar =
1

2
gij(@µ�

i)(@µ�j)� V (�)
<latexit sha1_base64="LH23NnDEGEL6wmHKUgTV/Y7dHys="></latexit><latexit sha1_base64="LH23NnDEGEL6wmHKUgTV/Y7dHys="></latexit><latexit sha1_base64="LH23NnDEGEL6wmHKUgTV/Y7dHys="></latexit><latexit sha1_base64="LH23NnDEGEL6wmHKUgTV/Y7dHys="></latexit>
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Adding spin-1/2

Lscalar =
1

2
gij(@µ�

i)(@µ�j)� V (�)
<latexit sha1_base64="LH23NnDEGEL6wmHKUgTV/Y7dHys="></latexit><latexit sha1_base64="LH23NnDEGEL6wmHKUgTV/Y7dHys="></latexit><latexit sha1_base64="LH23NnDEGEL6wmHKUgTV/Y7dHys="></latexit><latexit sha1_base64="LH23NnDEGEL6wmHKUgTV/Y7dHys="></latexit>

�i
<latexit sha1_base64="t+s72YPrKASt645yVxVmtTLNhhk="></latexit><latexit sha1_base64="t+s72YPrKASt645yVxVmtTLNhhk="></latexit><latexit sha1_base64="t+s72YPrKASt645yVxVmtTLNhhk="></latexit><latexit sha1_base64="t+s72YPrKASt645yVxVmtTLNhhk="></latexit>

gij(�)
<latexit sha1_base64="PjhRBFVX9Yg+jpo00imQtKKG9EM="></latexit><latexit sha1_base64="PjhRBFVX9Yg+jpo00imQtKKG9EM="></latexit><latexit sha1_base64="PjhRBFVX9Yg+jpo00imQtKKG9EM="></latexit><latexit sha1_base64="PjhRBFVX9Yg+jpo00imQtKKG9EM="></latexit>

gij⇤(�,�
†)

<latexit sha1_base64="tdhMt1ANfFdtIzE3lQsEpVJe8vs="></latexit><latexit sha1_base64="tdhMt1ANfFdtIzE3lQsEpVJe8vs="></latexit><latexit sha1_base64="tdhMt1ANfFdtIzE3lQsEpVJe8vs="></latexit><latexit sha1_base64="tdhMt1ANfFdtIzE3lQsEpVJe8vs="></latexit>

V (�)
<latexit sha1_base64="hSJVa601tps+EyuW5tUsWvTGhVE="></latexit><latexit sha1_base64="hSJVa601tps+EyuW5tUsWvTGhVE="></latexit><latexit sha1_base64="hSJVa601tps+EyuW5tUsWvTGhVE="></latexit><latexit sha1_base64="hSJVa601tps+EyuW5tUsWvTGhVE="></latexit>

P (�)
<latexit sha1_base64="PlEb+T4l1QntzypXzURsqLegg1Y="></latexit><latexit sha1_base64="PlEb+T4l1QntzypXzURsqLegg1Y="></latexit><latexit sha1_base64="PlEb+T4l1QntzypXzURsqLegg1Y="></latexit><latexit sha1_base64="PlEb+T4l1QntzypXzURsqLegg1Y="></latexit>

P †(�†)
<latexit sha1_base64="D4KACzumuCelAIJd7A5cg22a2Oc="></latexit><latexit sha1_base64="D4KACzumuCelAIJd7A5cg22a2Oc="></latexit><latexit sha1_base64="D4KACzumuCelAIJd7A5cg22a2Oc="></latexit><latexit sha1_base64="D4KACzumuCelAIJd7A5cg22a2Oc="></latexit>

�­�”�å�”�Ý�Ä�æ�¿�«

�µ�”�Í�”�Ù�Â�ï�³�ß�ç

(�i,�†i
⇤
, i, †i⇤)

<latexit sha1_base64="J9BYYGcoCrB7R8+7ubhbtrO1Oyc="></latexit><latexit sha1_base64="J9BYYGcoCrB7R8+7ubhbtrO1Oyc="></latexit><latexit sha1_base64="J9BYYGcoCrB7R8+7ubhbtrO1Oyc="></latexit><latexit sha1_base64="J9BYYGcoCrB7R8+7ubhbtrO1Oyc="></latexit>

• �«�•  SUSY �=

• fermion (     ) �›�C�Q�” .          �Ž�<�p�y  �x  2
R
ü  spinor �›
¯�b�} 
<latexit sha1_base64="rWdRteD/0rK78faO4epLSeuJ/pE="></latexit><latexit sha1_base64="rWdRteD/0rK78faO4epLSeuJ/pE="></latexit><latexit sha1_base64="rWdRteD/0rK78faO4epLSeuJ/pE="></latexit><latexit sha1_base64="rWdRteD/0rK78faO4epLSeuJ/pE="></latexit>

 
<latexit sha1_base64="eDcf1H4/cdL7Jy4h0Sv0/G73Ha8="></latexit><latexit sha1_base64="eDcf1H4/cdL7Jy4h0Sv0/G73Ha8="></latexit><latexit sha1_base64="eDcf1H4/cdL7Jy4h0Sv0/G73Ha8="></latexit><latexit sha1_base64="eDcf1H4/cdL7Jy4h0Sv0/G73Ha8="></latexit>
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SUSY HEFT

Lfermion =
i

2
gij⇤ !   j⇤ "̄ µ

!
#µ ! i

<latexit sha1_base64="iy1d130OrWVfYp62aXucMP13fGM="></latexit><latexit sha1_base64="iy1d130OrWVfYp62aXucMP13fGM="></latexit><latexit sha1_base64="iy1d130OrWVfYp62aXucMP13fGM="></latexit><latexit sha1_base64="iy1d130OrWVfYp62aXucMP13fGM="></latexit>

! P;ij (! i ! j ) + h.c.
<latexit sha1_base64="vPjjZjb7V8jMoo5yzrvljNp4vkI="></latexit><latexit sha1_base64="vPjjZjb7V8jMoo5yzrvljNp4vkI="></latexit><latexit sha1_base64="vPjjZjb7V8jMoo5yzrvljNp4vkI="></latexit><latexit sha1_base64="vPjjZjb7V8jMoo5yzrvljNp4vkI="></latexit>

�1
8

Rik ! jl ! ( i j )( †i !
 †j !

)
<latexit sha1_base64="op6X0JevC50sjQw0sMgdt/uMveI="></latexit><latexit sha1_base64="op6X0JevC50sjQw0sMgdt/uMveI="></latexit><latexit sha1_base64="op6X0JevC50sjQw0sMgdt/uMveI="></latexit><latexit sha1_base64="op6X0JevC50sjQw0sMgdt/uMveI="></latexit>

Lscalar = gij ! (! µ " i )( ! µ "   j !
) ! gij !

P,i P
 
,j !

<latexit sha1_base64="9DOeWpe1C5hJt/IkXrqdhZmt3/8="></latexit><latexit sha1_base64="9DOeWpe1C5hJt/IkXrqdhZmt3/8="></latexit><latexit sha1_base64="9DOeWpe1C5hJt/IkXrqdhZmt3/8="></latexit><latexit sha1_base64="9DOeWpe1C5hJt/IkXrqdhZmt3/8="></latexit>

+
i

2
(gij⇤,k ! µ" k ! gij⇤,k⇤ ! µ"   k⇤)(#   j⇤ $̄µ# i)

<latexit sha1_base64="9MkCIXBKMuNlzRJ3WIVLBkhDdfg="></latexit><latexit sha1_base64="9MkCIXBKMuNlzRJ3WIVLBkhDdfg="></latexit><latexit sha1_base64="9MkCIXBKMuNlzRJ3WIVLBkhDdfg="></latexit><latexit sha1_base64="9MkCIXBKMuNlzRJ3WIVLBkhDdfg="></latexit>
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Generalized HEFT

• CCWZ�O�›�–�l�o�Ï
R�p�V�”�{ Nagai, Tanabashi, Tsumura. Uchida, 
2102.08519

NEW!
Lscalar =

1

2
gij(@µ�

i)(@µ�j)� V (�)
<latexit sha1_base64="LH23NnDEGEL6wmHKUgTV/Y7dHys="></latexit><latexit sha1_base64="LH23NnDEGEL6wmHKUgTV/Y7dHys="></latexit><latexit sha1_base64="LH23NnDEGEL6wmHKUgTV/Y7dHys="></latexit><latexit sha1_base64="LH23NnDEGEL6wmHKUgTV/Y7dHys="></latexit>

!
1
8

Söiöj ök! öl ! (!
öi !

öj )( !  öi !
!   öj !

)
<latexit sha1_base64="zE64BXiBIw/47zrbkhbDA9iwYVc="></latexit><latexit sha1_base64="zE64BXiBIw/47zrbkhbDA9iwYVc="></latexit><latexit sha1_base64="zE64BXiBIw/47zrbkhbDA9iwYVc="></latexit><latexit sha1_base64="zE64BXiBIw/47zrbkhbDA9iwYVc="></latexit>

L fermion =
i
2

göiöj! !   öj!
ø" µ

!
#µ !

öi

<latexit sha1_base64="xMmqYsn6vSDAfPVYHwu5uV8uF+M="></latexit><latexit sha1_base64="xMmqYsn6vSDAfPVYHwu5uV8uF+M="></latexit><latexit sha1_base64="xMmqYsn6vSDAfPVYHwu5uV8uF+M="></latexit><latexit sha1_base64="xMmqYsn6vSDAfPVYHwu5uV8uF+M="></latexit>

+ vöiöj ! k (!   öj !
ø" µ !

öi )(#µ$k)
<latexit sha1_base64="qOi+IJXtQ7bclygGThIBVSSvaBQ="></latexit><latexit sha1_base64="qOi+IJXtQ7bclygGThIBVSSvaBQ="></latexit><latexit sha1_base64="qOi+IJXtQ7bclygGThIBVSSvaBQ="></latexit><latexit sha1_base64="qOi+IJXtQ7bclygGThIBVSSvaBQ="></latexit>

!
1
2

Möiöj (! i ! j ) + h.c.
<latexit sha1_base64="9+b/LPew9DrnF5w6jDwglZmDa6Q="></latexit><latexit sha1_base64="9+b/LPew9DrnF5w6jDwglZmDa6Q="></latexit><latexit sha1_base64="9+b/LPew9DrnF5w6jDwglZmDa6Q="></latexit><latexit sha1_base64="9+b/LPew9DrnF5w6jDwglZmDa6Q="></latexit>

�1

4
Sî ĵ k̂ l̂ (!

î ! ĵ )(! k̂ ! l̂ ) + h.c.
<latexit sha1_base64="3BlvrGuYN6y7WkpD+oBWe1ZTIxM="></latexit><latexit sha1_base64="3BlvrGuYN6y7WkpD+oBWe1ZTIxM="></latexit><latexit sha1_base64="3BlvrGuYN6y7WkpD+oBWe1ZTIxM="></latexit><latexit sha1_base64="3BlvrGuYN6y7WkpD+oBWe1ZTIxM="></latexit>
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Covariance

• SUSY �›�]�^�s�M	Ô�ù�| fermion metric part �t�0�b�”

�2�?�$�r	
�x
‡�×�Ì�} (�­�”�å�”���7�.�p�s�X�s�” )

• �`�T�`�|�M�c�•�t�d�‘  S-matrix �x�°
`�2
ª�!�õ

�w�‹�q�p
Æ�!�s�x�c�}

• �\�w�!�õ�t�0�b�”  “�ž�!�” ” �›���[� �̀o�S�X�q�‘�M�}

�i ! f(�)i
<latexit sha1_base64="sgjr+k/dCWg++d7YfcSOAVX9uQE="></latexit><latexit sha1_base64="sgjr+k/dCWg++d7YfcSOAVX9uQE="></latexit><latexit sha1_base64="sgjr+k/dCWg++d7YfcSOAVX9uQE="></latexit><latexit sha1_base64="sgjr+k/dCWg++d7YfcSOAVX9uQE="></latexit>

!
öi ! öf (" )

öi
öj

!
öj

<latexit sha1_base64="Cup/anId0/rBveDXFN4yQwiDp3w="></latexit><latexit sha1_base64="Cup/anId0/rBveDXFN4yQwiDp3w="></latexit><latexit sha1_base64="Cup/anId0/rBveDXFN4yQwiDp3w="></latexit><latexit sha1_base64="bOonGaJXwNmCsMBS09E+bk+WDNg="></latexit><latexit sha1_base64="rM8Yd37shws1A5BtO3KPh7du2S4="></latexit><latexit sha1_base64="rM8Yd37shws1A5BtO3KPh7du2S4="></latexit><latexit sha1_base64="00LVITsOKOOdGtNIY4TaQ+OHeSM="></latexit><latexit sha1_base64="Cup/anId0/rBveDXFN4yQwiDp3w="></latexit><latexit sha1_base64="Cup/anId0/rBveDXFN4yQwiDp3w="></latexit><latexit sha1_base64="Cup/anId0/rBveDXFN4yQwiDp3w="></latexit><latexit sha1_base64="Cup/anId0/rBveDXFN4yQwiDp3w="></latexit><latexit sha1_base64="Cup/anId0/rBveDXFN4yQwiDp3w="></latexit><latexit sha1_base64="Cup/anId0/rBveDXFN4yQwiDp3w="></latexit>
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Covariance

• �Ž�<�w�‘�O�s  “�ž�Ñ�Ÿ�ï
€�� " �›���[�b�”�}

• �\�\�p             �x�Ž�<�›�¬�h�b�‘�O�t���[

!
öi
j ök

:=
1
2

g
öiöl ! (gököl ! ,j + gj öl ! ,ök ! gj ök,öl ! )

<latexit sha1_base64="a5q07JTx/0xKnqSP/j9LvUuk9Dc="></latexit><latexit sha1_base64="a5q07JTx/0xKnqSP/j9LvUuk9Dc="></latexit><latexit sha1_base64="a5q07JTx/0xKnqSP/j9LvUuk9Dc="></latexit><latexit sha1_base64="a5q07JTx/0xKnqSP/j9LvUuk9Dc="></latexit>

gi öj ⇤,öi
<latexit sha1_base64="wJUalIXMkkWwCy242/hDURyIJuc="></latexit><latexit sha1_base64="wJUalIXMkkWwCy242/hDURyIJuc="></latexit><latexit sha1_base64="wJUalIXMkkWwCy242/hDURyIJuc="></latexit><latexit sha1_base64="wJUalIXMkkWwCy242/hDURyIJuc="></latexit>

v̂i ĵ ! i :=
i
2
(gi ĵ ! ,̂i � gi î, ĵ ! )

<latexit sha1_base64="hOwGnbmA8EbzfqbS1wNOcFYMUqc="></latexit><latexit sha1_base64="hOwGnbmA8EbzfqbS1wNOcFYMUqc="></latexit><latexit sha1_base64="hOwGnbmA8EbzfqbS1wNOcFYMUqc="></latexit><latexit sha1_base64="hOwGnbmA8EbzfqbS1wNOcFYMUqc="></latexit>

• �\�w  ”
€�� ” �›�;�M�o���[�^�•�”�ž�!
•
ü�x�Í�›�¬�h�b�}

göiöj ! ;i := göiöj ! ,i ! gököj ! !
ök
iöi

! göi ök! !
ök!

iöj ! = 0
<latexit sha1_base64="xQQ+476PSWFT+s6bjzJkr9EcwAk="></latexit><latexit sha1_base64="xQQ+476PSWFT+s6bjzJkr9EcwAk="></latexit><latexit sha1_base64="xQQ+476PSWFT+s6bjzJkr9EcwAk="></latexit><latexit sha1_base64="xQQ+476PSWFT+s6bjzJkr9EcwAk="></latexit>
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Covariance

• �«�Q�y�Í�w�‘�O�s  “�Â�p�Â�ï�¹�ç ” �‹���[�p�V�”�}

R
öi
öjkl

:= !
öi
löj,k

! !
öi
köj,l

+ !
öi
köl

!
öl
löj

! !
öi
löl
!

ök
löj

<latexit sha1_base64="48AURvgxB2UuVMgBCbz2OhbH9mY="></latexit><latexit sha1_base64="48AURvgxB2UuVMgBCbz2OhbH9mY="></latexit><latexit sha1_base64="48AURvgxB2UuVMgBCbz2OhbH9mY="></latexit><latexit sha1_base64="48AURvgxB2UuVMgBCbz2OhbH9mY="></latexit>

• �Ú�™�w�ž�!�Õ�«�Ä�ç            �t�0�`a
öi (! )

<latexit sha1_base64="T02jj7UyYzsa+pCm3fmZUhwCIKs="></latexit><latexit sha1_base64="T02jj7UyYzsa+pCm3fmZUhwCIKs="></latexit><latexit sha1_base64="T02jj7UyYzsa+pCm3fmZUhwCIKs="></latexit><latexit sha1_base64="T02jj7UyYzsa+pCm3fmZUhwCIKs="></latexit>

a
öi
;ij ! a

öi
;ji = ! a

ökR
öi
ökij

<latexit sha1_base64="dgp2z1bFmSd4NaTBk1BCXiSDABw="></latexit><latexit sha1_base64="dgp2z1bFmSd4NaTBk1BCXiSDABw="></latexit><latexit sha1_base64="dgp2z1bFmSd4NaTBk1BCXiSDABw="></latexit><latexit sha1_base64="dgp2z1bFmSd4NaTBk1BCXiSDABw="></latexit>

�›�¬�h�b�}
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On-shell scalar/fermion amplitudes

3
<latexit sha1_base64="pnvdT8WCZbg0hgtVqqDNOFeOeEo="></latexit><latexit sha1_base64="pnvdT8WCZbg0hgtVqqDNOFeOeEo="></latexit><latexit sha1_base64="pnvdT8WCZbg0hgtVqqDNOFeOeEo="></latexit><latexit sha1_base64="pnvdT8WCZbg0hgtVqqDNOFeOeEo="></latexit>

4
<latexit sha1_base64="P4416GXOP/WPbaCmg2GOWOCz4/I="></latexit><latexit sha1_base64="P4416GXOP/WPbaCmg2GOWOCz4/I="></latexit><latexit sha1_base64="P4416GXOP/WPbaCmg2GOWOCz4/I="></latexit><latexit sha1_base64="P4416GXOP/WPbaCmg2GOWOCz4/I="></latexit>

1̂
<latexit sha1_base64="HL0wOns9bXeMPRIBESyQQnfurkg="></latexit><latexit sha1_base64="HL0wOns9bXeMPRIBESyQQnfurkg="></latexit><latexit sha1_base64="HL0wOns9bXeMPRIBESyQQnfurkg="></latexit><latexit sha1_base64="HL0wOns9bXeMPRIBESyQQnfurkg="></latexit>

2̂
<latexit sha1_base64="fiGaNfIb+hdO+Yc7OjfFJ+/XSVE="></latexit><latexit sha1_base64="fiGaNfIb+hdO+Yc7OjfFJ+/XSVE="></latexit><latexit sha1_base64="fiGaNfIb+hdO+Yc7OjfFJ+/XSVE="></latexit><latexit sha1_base64="fiGaNfIb+hdO+Yc7OjfFJ+/XSVE="></latexit>
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3
<latexit sha1_base64="pnvdT8WCZbg0hgtVqqDNOFeOeEo="></latexit><latexit sha1_base64="pnvdT8WCZbg0hgtVqqDNOFeOeEo="></latexit><latexit sha1_base64="pnvdT8WCZbg0hgtVqqDNOFeOeEo="></latexit><latexit sha1_base64="pnvdT8WCZbg0hgtVqqDNOFeOeEo="></latexit>

4
<latexit sha1_base64="P4416GXOP/WPbaCmg2GOWOCz4/I="></latexit><latexit sha1_base64="P4416GXOP/WPbaCmg2GOWOCz4/I="></latexit><latexit sha1_base64="P4416GXOP/WPbaCmg2GOWOCz4/I="></latexit><latexit sha1_base64="P4416GXOP/WPbaCmg2GOWOCz4/I="></latexit>

1̂
<latexit sha1_base64="HL0wOns9bXeMPRIBESyQQnfurkg="></latexit><latexit sha1_base64="HL0wOns9bXeMPRIBESyQQnfurkg="></latexit><latexit sha1_base64="HL0wOns9bXeMPRIBESyQQnfurkg="></latexit><latexit sha1_base64="HL0wOns9bXeMPRIBESyQQnfurkg="></latexit>

2̂
<latexit sha1_base64="fiGaNfIb+hdO+Yc7OjfFJ+/XSVE="></latexit><latexit sha1_base64="fiGaNfIb+hdO+Yc7OjfFJ+/XSVE="></latexit><latexit sha1_base64="fiGaNfIb+hdO+Yc7OjfFJ+/XSVE="></latexit><latexit sha1_base64="fiGaNfIb+hdO+Yc7OjfFJ+/XSVE="></latexit>

3
<latexit sha1_base64="pnvdT8WCZbg0hgtVqqDNOFeOeEo="></latexit><latexit sha1_base64="pnvdT8WCZbg0hgtVqqDNOFeOeEo="></latexit><latexit sha1_base64="pnvdT8WCZbg0hgtVqqDNOFeOeEo="></latexit><latexit sha1_base64="pnvdT8WCZbg0hgtVqqDNOFeOeEo="></latexit>

4
<latexit sha1_base64="P4416GXOP/WPbaCmg2GOWOCz4/I="></latexit><latexit sha1_base64="P4416GXOP/WPbaCmg2GOWOCz4/I="></latexit><latexit sha1_base64="P4416GXOP/WPbaCmg2GOWOCz4/I="></latexit><latexit sha1_base64="P4416GXOP/WPbaCmg2GOWOCz4/I="></latexit>

1̂
<latexit sha1_base64="HL0wOns9bXeMPRIBESyQQnfurkg="></latexit><latexit sha1_base64="HL0wOns9bXeMPRIBESyQQnfurkg="></latexit><latexit sha1_base64="HL0wOns9bXeMPRIBESyQQnfurkg="></latexit><latexit sha1_base64="HL0wOns9bXeMPRIBESyQQnfurkg="></latexit>

2̂
<latexit sha1_base64="fiGaNfIb+hdO+Yc7OjfFJ+/XSVE="></latexit><latexit sha1_base64="fiGaNfIb+hdO+Yc7OjfFJ+/XSVE="></latexit><latexit sha1_base64="fiGaNfIb+hdO+Yc7OjfFJ+/XSVE="></latexit><latexit sha1_base64="fiGaNfIb+hdO+Yc7OjfFJ+/XSVE="></latexit>

3
<latexit sha1_base64="pnvdT8WCZbg0hgtVqqDNOFeOeEo="></latexit><latexit sha1_base64="pnvdT8WCZbg0hgtVqqDNOFeOeEo="></latexit><latexit sha1_base64="pnvdT8WCZbg0hgtVqqDNOFeOeEo="></latexit><latexit sha1_base64="pnvdT8WCZbg0hgtVqqDNOFeOeEo="></latexit>

4
<latexit sha1_base64="P4416GXOP/WPbaCmg2GOWOCz4/I="></latexit><latexit sha1_base64="P4416GXOP/WPbaCmg2GOWOCz4/I="></latexit><latexit sha1_base64="P4416GXOP/WPbaCmg2GOWOCz4/I="></latexit><latexit sha1_base64="P4416GXOP/WPbaCmg2GOWOCz4/I="></latexit>

1̂
<latexit sha1_base64="HL0wOns9bXeMPRIBESyQQnfurkg="></latexit><latexit sha1_base64="HL0wOns9bXeMPRIBESyQQnfurkg="></latexit><latexit sha1_base64="HL0wOns9bXeMPRIBESyQQnfurkg="></latexit><latexit sha1_base64="HL0wOns9bXeMPRIBESyQQnfurkg="></latexit>

2̂
<latexit sha1_base64="fiGaNfIb+hdO+Yc7OjfFJ+/XSVE="></latexit><latexit sha1_base64="fiGaNfIb+hdO+Yc7OjfFJ+/XSVE="></latexit><latexit sha1_base64="fiGaNfIb+hdO+Yc7OjfFJ+/XSVE="></latexit><latexit sha1_base64="fiGaNfIb+hdO+Yc7OjfFJ+/XSVE="></latexit>

3
<latexit sha1_base64="pnvdT8WCZbg0hgtVqqDNOFeOeEo="></latexit><latexit sha1_base64="pnvdT8WCZbg0hgtVqqDNOFeOeEo="></latexit><latexit sha1_base64="pnvdT8WCZbg0hgtVqqDNOFeOeEo="></latexit><latexit sha1_base64="pnvdT8WCZbg0hgtVqqDNOFeOeEo="></latexit>

4
<latexit sha1_base64="P4416GXOP/WPbaCmg2GOWOCz4/I="></latexit><latexit sha1_base64="P4416GXOP/WPbaCmg2GOWOCz4/I="></latexit><latexit sha1_base64="P4416GXOP/WPbaCmg2GOWOCz4/I="></latexit><latexit sha1_base64="P4416GXOP/WPbaCmg2GOWOCz4/I="></latexit>

1̂
<latexit sha1_base64="HL0wOns9bXeMPRIBESyQQnfurkg="></latexit><latexit sha1_base64="HL0wOns9bXeMPRIBESyQQnfurkg="></latexit><latexit sha1_base64="HL0wOns9bXeMPRIBESyQQnfurkg="></latexit><latexit sha1_base64="HL0wOns9bXeMPRIBESyQQnfurkg="></latexit>

2̂
<latexit sha1_base64="fiGaNfIb+hdO+Yc7OjfFJ+/XSVE="></latexit><latexit sha1_base64="fiGaNfIb+hdO+Yc7OjfFJ+/XSVE="></latexit><latexit sha1_base64="fiGaNfIb+hdO+Yc7OjfFJ+/XSVE="></latexit><latexit sha1_base64="fiGaNfIb+hdO+Yc7OjfFJ+/XSVE="></latexit>

!
<latexit sha1_base64="ssLD6oapHX1Zt2Zg8nQeQE5D7DI="></latexit><latexit sha1_base64="ssLD6oapHX1Zt2Zg8nQeQE5D7DI="></latexit><latexit sha1_base64="ssLD6oapHX1Zt2Zg8nQeQE5D7DI="></latexit><latexit sha1_base64="ssLD6oapHX1Zt2Zg8nQeQE5D7DI="></latexit>

On-shell scalar/fermion amplitudes

! R1̂2̂34 s
<latexit sha1_base64="qv9P78C6GnD8q665vvuzORqNRA0="></latexit><latexit sha1_base64="qv9P78C6GnD8q665vvuzORqNRA0="></latexit><latexit sha1_base64="qv9P78C6GnD8q665vvuzORqNRA0="></latexit><latexit sha1_base64="qv9P78C6GnD8q665vvuzORqNRA0="></latexit>

⇠ M ö1ö2;(34)

p
s

<latexit sha1_base64="AXilwyScXiNYB37kEcULvbeQkNE="></latexit><latexit sha1_base64="AXilwyScXiNYB37kEcULvbeQkNE="></latexit><latexit sha1_base64="AXilwyScXiNYB37kEcULvbeQkNE="></latexit><latexit sha1_base64="AXilwyScXiNYB37kEcULvbeQkNE="></latexit>

⇠
X

î

M1̂̂i;3Mî2̂;4

<latexit sha1_base64="hlYtcrszHRz5DdELXUoNk8eiikI="></latexit><latexit sha1_base64="hlYtcrszHRz5DdELXUoNk8eiikI="></latexit><latexit sha1_base64="hlYtcrszHRz5DdELXUoNk8eiikI="></latexit><latexit sha1_base64="hlYtcrszHRz5DdELXUoNk8eiikI="></latexit>

!
!

i

M ö1ö2;i V;(;34)
1

"
s

<latexit sha1_base64="tWJvnZDpuRvXNcFHRlvK99ol1QQ="></latexit><latexit sha1_base64="tWJvnZDpuRvXNcFHRlvK99ol1QQ="></latexit><latexit sha1_base64="tWJvnZDpuRvXNcFHRlvK99ol1QQ="></latexit><latexit sha1_base64="tWJvnZDpuRvXNcFHRlvK99ol1QQ="></latexit>

Energy 
growing !
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On-shell amplitudes

• High-energy on-shell amplitudes probe the “curvature”.

2
<latexit sha1_base64="hC+D1fM6GBjZX+qA4RAeZfJYC5A="></latexit><latexit sha1_base64="hC+D1fM6GBjZX+qA4RAeZfJYC5A="></latexit><latexit sha1_base64="hC+D1fM6GBjZX+qA4RAeZfJYC5A="></latexit><latexit sha1_base64="hC+D1fM6GBjZX+qA4RAeZfJYC5A="></latexit>

1
<latexit sha1_base64="Pk/5g7fQxemZzMivNwGFrKONSio="></latexit><latexit sha1_base64="Pk/5g7fQxemZzMivNwGFrKONSio="></latexit><latexit sha1_base64="Pk/5g7fQxemZzMivNwGFrKONSio="></latexit><latexit sha1_base64="Pk/5g7fQxemZzMivNwGFrKONSio="></latexit>

4
<latexit sha1_base64="ByjaI3fg4FDreZ4bZv67rFZcTDw="></latexit><latexit sha1_base64="ByjaI3fg4FDreZ4bZv67rFZcTDw="></latexit><latexit sha1_base64="ByjaI3fg4FDreZ4bZv67rFZcTDw="></latexit><latexit sha1_base64="ByjaI3fg4FDreZ4bZv67rFZcTDw="></latexit>

3
<latexit sha1_base64="/zdZ8sB9QpTQAcXdT2EUQlLG2jU="></latexit><latexit sha1_base64="/zdZ8sB9QpTQAcXdT2EUQlLG2jU="></latexit><latexit sha1_base64="/zdZ8sB9QpTQAcXdT2EUQlLG2jU="></latexit><latexit sha1_base64="/zdZ8sB9QpTQAcXdT2EUQlLG2jU="></latexit>

2
<latexit sha1_base64="hC+D1fM6GBjZX+qA4RAeZfJYC5A="></latexit><latexit sha1_base64="hC+D1fM6GBjZX+qA4RAeZfJYC5A="></latexit><latexit sha1_base64="hC+D1fM6GBjZX+qA4RAeZfJYC5A="></latexit><latexit sha1_base64="hC+D1fM6GBjZX+qA4RAeZfJYC5A="></latexit>

1
<latexit sha1_base64="Pk/5g7fQxemZzMivNwGFrKONSio="></latexit><latexit sha1_base64="Pk/5g7fQxemZzMivNwGFrKONSio="></latexit><latexit sha1_base64="Pk/5g7fQxemZzMivNwGFrKONSio="></latexit><latexit sha1_base64="Pk/5g7fQxemZzMivNwGFrKONSio="></latexit>

4
<latexit sha1_base64="ByjaI3fg4FDreZ4bZv67rFZcTDw="></latexit><latexit sha1_base64="ByjaI3fg4FDreZ4bZv67rFZcTDw="></latexit><latexit sha1_base64="ByjaI3fg4FDreZ4bZv67rFZcTDw="></latexit><latexit sha1_base64="ByjaI3fg4FDreZ4bZv67rFZcTDw="></latexit>

3
<latexit sha1_base64="/zdZ8sB9QpTQAcXdT2EUQlLG2jU="></latexit><latexit sha1_base64="/zdZ8sB9QpTQAcXdT2EUQlLG2jU="></latexit><latexit sha1_base64="/zdZ8sB9QpTQAcXdT2EUQlLG2jU="></latexit><latexit sha1_base64="/zdZ8sB9QpTQAcXdT2EUQlLG2jU="></latexit>

⇠ R1234s
<latexit sha1_base64="xraPwanuNH6Sa6XTHrGR1MpyngQ="></latexit><latexit sha1_base64="xraPwanuNH6Sa6XTHrGR1MpyngQ="></latexit><latexit sha1_base64="xraPwanuNH6Sa6XTHrGR1MpyngQ="></latexit><latexit sha1_base64="bOonGaJXwNmCsMBS09E+bk+WDNg="></latexit><latexit sha1_base64="h6qXMKOzpeTLXzoRFaBahMMQHfU="></latexit><latexit sha1_base64="h6qXMKOzpeTLXzoRFaBahMMQHfU="></latexit><latexit sha1_base64="gZUT9LB6eEN9i++q4U0E4cGzZPM="></latexit><latexit sha1_base64="xraPwanuNH6Sa6XTHrGR1MpyngQ="></latexit><latexit sha1_base64="xraPwanuNH6Sa6XTHrGR1MpyngQ="></latexit><latexit sha1_base64="xraPwanuNH6Sa6XTHrGR1MpyngQ="></latexit><latexit sha1_base64="xraPwanuNH6Sa6XTHrGR1MpyngQ="></latexit><latexit sha1_base64="xraPwanuNH6Sa6XTHrGR1MpyngQ="></latexit><latexit sha1_base64="xraPwanuNH6Sa6XTHrGR1MpyngQ="></latexit>

⇠ R123̂4̂ s
<latexit sha1_base64="aRws1HkiEmcLCf43pDQnvz9m7DE="></latexit><latexit sha1_base64="aRws1HkiEmcLCf43pDQnvz9m7DE="></latexit><latexit sha1_base64="aRws1HkiEmcLCf43pDQnvz9m7DE="></latexit><latexit sha1_base64="aRws1HkiEmcLCf43pDQnvz9m7DE="></latexit>

ˆ<latexit sha1_base64="dC6mu978CImbd2odbLiXAmzHjYA="></latexit><latexit sha1_base64="dC6mu978CImbd2odbLiXAmzHjYA="></latexit><latexit sha1_base64="dC6mu978CImbd2odbLiXAmzHjYA="></latexit><latexit sha1_base64="dC6mu978CImbd2odbLiXAmzHjYA="></latexit>

ˆ<latexit sha1_base64="dC6mu978CImbd2odbLiXAmzHjYA="></latexit><latexit sha1_base64="dC6mu978CImbd2odbLiXAmzHjYA="></latexit><latexit sha1_base64="dC6mu978CImbd2odbLiXAmzHjYA="></latexit><latexit sha1_base64="dC6mu978CImbd2odbLiXAmzHjYA="></latexit>

*  See  2102.08519  for complete expressions.

SSSS

SSFF

2
<latexit sha1_base64="hC+D1fM6GBjZX+qA4RAeZfJYC5A="></latexit><latexit sha1_base64="hC+D1fM6GBjZX+qA4RAeZfJYC5A="></latexit><latexit sha1_base64="hC+D1fM6GBjZX+qA4RAeZfJYC5A="></latexit><latexit sha1_base64="hC+D1fM6GBjZX+qA4RAeZfJYC5A="></latexit>

1
<latexit sha1_base64="Pk/5g7fQxemZzMivNwGFrKONSio="></latexit><latexit sha1_base64="Pk/5g7fQxemZzMivNwGFrKONSio="></latexit><latexit sha1_base64="Pk/5g7fQxemZzMivNwGFrKONSio="></latexit><latexit sha1_base64="Pk/5g7fQxemZzMivNwGFrKONSio="></latexit>

4
<latexit sha1_base64="ByjaI3fg4FDreZ4bZv67rFZcTDw="></latexit><latexit sha1_base64="ByjaI3fg4FDreZ4bZv67rFZcTDw="></latexit><latexit sha1_base64="ByjaI3fg4FDreZ4bZv67rFZcTDw="></latexit><latexit sha1_base64="ByjaI3fg4FDreZ4bZv67rFZcTDw="></latexit>

3
<latexit sha1_base64="/zdZ8sB9QpTQAcXdT2EUQlLG2jU="></latexit><latexit sha1_base64="/zdZ8sB9QpTQAcXdT2EUQlLG2jU="></latexit><latexit sha1_base64="/zdZ8sB9QpTQAcXdT2EUQlLG2jU="></latexit><latexit sha1_base64="/zdZ8sB9QpTQAcXdT2EUQlLG2jU="></latexit>

⇠ Rö1ö2ö3ö4 s
<latexit sha1_base64="zIJsiw0w4AlYv1OyQY3mphWbgjI="></latexit><latexit sha1_base64="zIJsiw0w4AlYv1OyQY3mphWbgjI="></latexit><latexit sha1_base64="zIJsiw0w4AlYv1OyQY3mphWbgjI="></latexit><latexit sha1_base64="zIJsiw0w4AlYv1OyQY3mphWbgjI="></latexit>

ˆ<latexit sha1_base64="dC6mu978CImbd2odbLiXAmzHjYA="></latexit><latexit sha1_base64="dC6mu978CImbd2odbLiXAmzHjYA="></latexit><latexit sha1_base64="dC6mu978CImbd2odbLiXAmzHjYA="></latexit><latexit sha1_base64="dC6mu978CImbd2odbLiXAmzHjYA="></latexit>

ˆ<latexit sha1_base64="dC6mu978CImbd2odbLiXAmzHjYA="></latexit><latexit sha1_base64="dC6mu978CImbd2odbLiXAmzHjYA="></latexit><latexit sha1_base64="dC6mu978CImbd2odbLiXAmzHjYA="></latexit><latexit sha1_base64="dC6mu978CImbd2odbLiXAmzHjYA="></latexit> ˆ<latexit sha1_base64="dC6mu978CImbd2odbLiXAmzHjYA="></latexit><latexit sha1_base64="dC6mu978CImbd2odbLiXAmzHjYA="></latexit><latexit sha1_base64="dC6mu978CImbd2odbLiXAmzHjYA="></latexit><latexit sha1_base64="dC6mu978CImbd2odbLiXAmzHjYA="></latexit>

ˆ<latexit sha1_base64="dC6mu978CImbd2odbLiXAmzHjYA="></latexit><latexit sha1_base64="dC6mu978CImbd2odbLiXAmzHjYA="></latexit><latexit sha1_base64="dC6mu978CImbd2odbLiXAmzHjYA="></latexit><latexit sha1_base64="dC6mu978CImbd2odbLiXAmzHjYA="></latexit>

FFFF
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Summary

• 	ý�h�s  spin-0, spin-1/2 �{� �›���‰  EFT �›���Š .

• �„�Z	ü
ï�x  field space 	Í�w�ž�!�”�p�)�Q�’�•�” .

Lscalar =
1

2
gij(@µ�

i)(@µ�j)� V (�)
<latexit sha1_base64="LH23NnDEGEL6wmHKUgTV/Y7dHys="></latexit><latexit sha1_base64="LH23NnDEGEL6wmHKUgTV/Y7dHys="></latexit><latexit sha1_base64="LH23NnDEGEL6wmHKUgTV/Y7dHys="></latexit><latexit sha1_base64="LH23NnDEGEL6wmHKUgTV/Y7dHys="></latexit>

L fermion =
i
2

göiöj! !   öj!
ø" µ

!
#µ !

öi

<latexit sha1_base64="xMmqYsn6vSDAfPVYHwu5uV8uF+M="></latexit><latexit sha1_base64="xMmqYsn6vSDAfPVYHwu5uV8uF+M="></latexit><latexit sha1_base64="xMmqYsn6vSDAfPVYHwu5uV8uF+M="></latexit><latexit sha1_base64="xMmqYsn6vSDAfPVYHwu5uV8uF+M="></latexit>

!
1
2

Möiöj (! i ! j ) + h.c.
<latexit sha1_base64="9+b/LPew9DrnF5w6jDwglZmDa6Q="></latexit><latexit sha1_base64="9+b/LPew9DrnF5w6jDwglZmDa6Q="></latexit><latexit sha1_base64="9+b/LPew9DrnF5w6jDwglZmDa6Q="></latexit><latexit sha1_base64="9+b/LPew9DrnF5w6jDwglZmDa6Q="></latexit>

� 1
12

Röiölöj ök (!
öi !

öj )( !
ök !

öl ) + h.c.
<latexit sha1_base64="XnbOjsHKv6ra0w6qepVB6rNfhyY="></latexit><latexit sha1_base64="XnbOjsHKv6ra0w6qepVB6rNfhyY="></latexit><latexit sha1_base64="XnbOjsHKv6ra0w6qepVB6rNfhyY="></latexit><latexit sha1_base64="XnbOjsHKv6ra0w6qepVB6rNfhyY="></latexit>

�1

4
Rîk̂⇤ĵ l̂⇤( 

î ĵ)( †k̂⇤ †l̂⇤)
<latexit sha1_base64="j+RuSqBqbrhpRkrW5Xk58h2dbjo="></latexit><latexit sha1_base64="j+RuSqBqbrhpRkrW5Xk58h2dbjo="></latexit><latexit sha1_base64="j+RuSqBqbrhpRkrW5Xk58h2dbjo="></latexit><latexit sha1_base64="j+RuSqBqbrhpRkrW5Xk58h2dbjo="></latexit>

+
i

2
(gkĵ⇤ ,̂i � gkî,ĵ⇤)( 

†j⇤ �̄µ i)(@µ�
k)

<latexit sha1_base64="hB51/ycoGjkRatKSngUzM8bNkXE="></latexit><latexit sha1_base64="hB51/ycoGjkRatKSngUzM8bNkXE="></latexit><latexit sha1_base64="hB51/ycoGjkRatKSngUzM8bNkXE="></latexit><latexit sha1_base64="bOonGaJXwNmCsMBS09E+bk+WDNg="></latexit><latexit sha1_base64="pHGYT9meVmp2LhldE2fWieb9XvQ="></latexit><latexit sha1_base64="pHGYT9meVmp2LhldE2fWieb9XvQ="></latexit><latexit sha1_base64="W+b5bAuQgwOZdIWh//wq0KPYz1k="></latexit><latexit sha1_base64="hB51/ycoGjkRatKSngUzM8bNkXE="></latexit><latexit sha1_base64="hB51/ycoGjkRatKSngUzM8bNkXE="></latexit><latexit sha1_base64="hB51/ycoGjkRatKSngUzM8bNkXE="></latexit><latexit sha1_base64="hB51/ycoGjkRatKSngUzM8bNkXE="></latexit><latexit sha1_base64="hB51/ycoGjkRatKSngUzM8bNkXE="></latexit><latexit sha1_base64="hB51/ycoGjkRatKSngUzM8bNkXE="></latexit>
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