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SM sources:
• CKM matrix.
• PMNS matrix.

      … and the            term – apparently zero.

A good window into possible new physics (NP)

<latexit sha1_base64="yBhL3Kj+sKHcCuXaJ/ckVKfLISY=">AAAB4XicbU/LSsNAFL2prxpfUZduBovgqiRidVsUissK9gGmlMnkth06kwmZSbWUfoA7catb/Qj/xL8xrdm09cCFwznncu8JYsG1cd0fq7C2vrG5Vdy2d3b39g+cw6OmVmnCsMGUUEk7oBoFj7BhuBHYjhOkMhDYCoa3M781wkRzFT2YcYwdSfsR73FGTSZ1Hcc3XIRIasRnoTKk1nVKbtmdg6wSLyclyFHvOt9+qFgqMTJMUK0fPTc2nQlNDGcCp7afaowpG9I+Tub/TslZJoWkp5JsIkPm6kKOSq3HMsiSkpqBXvZm4r+ezh4YYLh4VKbC8EQ9TW3b51GcGiLHghp8tu2srLdcbZU0L8reVblyf1mq3uS1i3ACp3AOHlxDFe6gDg1gMIIP+IQvi1kv1qv19hctWPnOMSzAev8FkTWIyQ==</latexit>

F̃ · F

small effects

We stronger CPV: there’s no us without it (BAoU)

Many forms of NP readily supply the need.
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• I assume CPT invariance holds.

• Unitarity of the S matrix:

  T is Hermitian up-to FSI corrections.

<latexit sha1_base64="s3hKuFjTaF/velWxhQySg3JQa50=">AAACUnicbZLLSgMxFIYz462OrY4KunATLEJVLDPiZVUounFZwV7A1JJJ0zY0mZlOMmopXfhaPocbn8B3cGVmWsG2HggcvvPnnPOHeCFnUjnOp2EuLa+srmXWrY1sbnPL3t6pySCOCK2SgAdRw8OScubTqmKK00YYUSw8Tute/zap159pJFngP6hhSJsCd33WYQQrjVr2G/IiDDsQKYI5RH2qIIPwDKaY/cWdpxNYSpCMRcufCPx5wSJlaDCIcRsWkExYCSKhR8PT3+bHLTvvFJ004GLiTpM8mEalZb+jdkBiQX1FOJby0XVC1RzhSDHC6dhCsaQhJn3cpaP0gcbwSKM27ASRPr6CKZ3RYSHlUHhaqbfryflaAv+tSb1Aj7Znh4qYKxYFL2PLQswPYwXFkGNFXy1Lm3XnrS0mtfOie1W8vL/Il2+mtjPgAByCAnDBNSiDO1ABVUDAl5Ez9ox948P4NvUvmUhNY3pnF8yEmf0BZ0irpw==</latexit>

hf | T |ii � hi| T |fi⇤ = i
X

n

hn| T |fi⇤ hn| T |ii (S = + iT )

Final state interactions (FSI)
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Define ‘naïve’ time reversal:
TN: t →  -t 

If

Final state momenta & spin

<latexit sha1_base64="SXaglIVQQR2Otvfw1YLRM8pTwCM=">AAACKXicbU/NSgMxGMz6W9e/qkcvwSIo1LIr/pyEohdPUqGtBSNLNs22odnNkmTVsmxfyDfw4Dt4U6961Wcw3fZS6wchw8x8yYwfc6a047xbM7Nz8wuLhSV7eWV1bb24sdlUIpGENojgQrZ8rChnEW1opjltxZLi0Of0xu9dDPWbeyoVE1Fd92N6F+JOxAJGsDaUV2whQTCHZzC/91Ace0EZlZFSXrAPBxApjUlPUp4iFcC6d5UhLqKOZJ2uxlKKBzhIUR4jlbSdpQdZNnrKK5acipMPnAbuGJTAeGpe8Rm1BUlCGmnCsVK3rhPruxRLzQinmY0SRWOTBXdomn+YwV1DtWEgpDmRhjk74cOhUv3QN84Q6676qw3JfzVlAnRNnQkyTLhmpnFm24hFcaJh2OdY00fbNmXdv9WmQfOw4p5Ujq+PStXzce0C2AY7YA+44BRUwSWogQYg4AV8gW/wYz1Zr9ab9TGyzljjnS0wMdbnL7rnp1M=</latexit>

O = O(pf , sf )
TN
�! �O

useful for characterizing some CPV 
effects – no  fundamental significance

TN – invariant 
phase-space region

<latexit sha1_base64="RccMunCoDYwijlUNbUsJiz9iNUs=">AAAB5HicbU/LSsNAFL2prxpf0S7dBIvgqiTiYyUU3bisYB9gSplMb9qhM5kwM6mG0j9wJ251q7/gn/g3pjWbVg9cOJxzLveeMOFMG8/7tkorq2vrG+VNe2t7Z3fP2T9oaZkqik0quVSdkGjkLMamYYZjJ1FIRMixHY5uZn57jEozGd+bLMGuIIOYRYwSk0s9pxKMcSyjQFLC3SCW5spze07Vq3lzuH+JX5AqFGj0nK+gL2kqMDaUE60ffC8x3QlRhlGOUztINSaEjsgAJ/OXp+5xLvXdSKp8YuPO1YUcEVpnIsyTgpihXvZm4r+ezh8YYn/xqEi5YUo+Tm07YHGSGldknBh8su28rL9c7S9pndb8i9r53Vm1fl3ULsMhHMEJ+HAJdbiFBjSBQgbv8AGfVmQ9Wy/W62+0ZBU7FViA9fYDLqCKXg==</latexit>

hOi 6= 0

CPV

FSI

<latexit sha1_base64="JWgxF5TA/VaoUqmvVAJ7b5lvXnA=">AAACEnicbY/LSgMxAEUz9VXH16hLN8EiuJAyIz5WQtWNyyr2AaYMmUzahiaTIclUS5m/8B/8h+7ErW4V/8ZpO5u2Xghc7r0hOUHMmTau+2sVlpZXVteK6/bG5tb2jrO7V9cyUYTWiORSNQOsKWcRrRlmOG3GimIRcNoIerfjvtGnSjMZPZpBTFsCdyLWZgSbLPKda9SnfdlGkmAOryBqK0yGiEXGf4AhRJp1BIboBE4H6UIFU98puWV3IrhovNyUQK6q74xQKEkiaGQIx1o/eW5sWkOsDCOcpjZKNI0x6eEOHU4AU3iURSFsS5WdyMBJOrPDQuuBCLKlwKar57tx+G+nsw90aTj7qEi4YUo+p7ad4caJgWLAsaEvtp3BevNoi6Z+WvYuyuf3Z6XKTY5dBAfgEBwDD1yCCrgDVVADBLyBL/ANfqxXa2S9Wx/TacHK7+yDGVmff0nznCo=</latexit>

hOi =

R
R d�OR
R d�

🌲
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Of the many final states, 

are useful for measuring SM properties and NP searches. 

Also useful in CPv searches. Will look at

<latexit sha1_base64="0n355QQi0a/ABm2vHJuPIXaj1O8=">AAAB5nicbU/LSgNBEOyNr7i+VsWTl8EgCIawKz6uQS8eI5gHuCHMTjrJkJmdYWdWDSG/4E286lX/wD/xb9zEXJJY0FBUVdNdkRbcWN//cXJLyyura/l1d2Nza3vH292rGZUmDKtMCZU0ImpQ8BirlluBDZ0glZHAetS/Gfv1R0wMV/G9HWhsStqNeYczajOp5R3osKhJaBWJwyIJUQhyShotr+CX/AnIIgmmpABTVFred9hWLJUYWyaoMQ+Br21zSBPLmcCRG6YGNWV92sXh5OkROc6kNumoJJvYkok6k6PSmIGMsqSktmfmvbH4r2eyB3rYnj0qU2F5op5GrhvyWKeWyIGgFp9dNysbzFdbJLWzUnBZurg7L5Svp7XzcAhHcAIBXEEZbqECVWAwhA/4hC+n57w4r87bXzTnTHf2YQbO+y/Fcon0</latexit>

p p ! n `+X High pT

<latexit sha1_base64="UOqWm09pKRFIXDFkGFC3571S6sw=">AAAB8XicbU/LSsNAFL2prxpfUZduBotYoZSk+FgJRTcuK9gHmFIm09t26EwSMhO1lG79B3fiVre68E/8G5OaTVsPDPdwzrnMPV4ouNK2/WPklpZXVtfy6+bG5tb2jrW711BBHDGss0AEUcujCgX3sa65FtgKI6TSE9j0htep33zASPHAv9OjENuS9n3e44zqROpYpOiiECW3lI5jckkw5TJ206FpfNKxCnbZnoIsEicjBchQ61jfbjdgsURfM0GVunfsULfHNNKcCZyYbqwwpGxI+zie3j8hR4nUJb0gSp6vyVSdyVGp1Eh6SVJSPVDzXir+66nkgAF2Zz+VsdA8Ch4npulyP4w1kSNBNT6ZZlLWma+2SBqVsnNePrs9LVSvstp5OIBDKIIDF1CFG6hBHRg8wwd8wpehjBfj1Xj7i+aMbGcfZmC8/wLB143x</latexit>

(`, `0 = e, µ ⌧)

<latexit sha1_base64="tghFzmmkxRMTR6XMyzEGqPwopl8=">AAACd3icjVDLTgIxFO2MLxxRUZcubCQSEgKZQdSFLohuXGIij8RB0ikVGtqZpu2oZDK/40f4J36KOwcYFzxivEnT03PPyb2nnmBUadv+Msy19Y3Nrcy2tZPd3dvPHRy2VBBKTJo4YIHseEgRRn3S1FQz0hGSIO4x0vZGd5N++5VIRQP/UY8F6XI08OkLxUgnVC/3UYBCQFcH0CWMPUeukJQTWI5n79LsKsMS7PTOIXSxtFY7SvGvNDUmVg/JqBP/z/fn5Fovl7cr9rTgMnBSkAdpNXq5T7cf4JATX2OGlHpybKG7EZKaYkZiyw0VEQiP0IBE01+M4VlC9eFLIJPjazhl53SIKzXmXqLkSA/VYm9CruypZIEh6c8P5SHTVAZvsWW51BehhnzMkCbvlpWEdRajLYNWteJcVi4eavn6bRo7A47BKSgCB1yBOrgHDdAE2MgaVePauDG+zROzYBZnUtNIPUdgrkznB8a4tz0=</latexit>

pp ! `0�`+`� +X3

pp ! `0+`�`+ + X̄3

pp ! `0+`0�`+`� +X4
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CP

<latexit sha1_base64="feo5Fa1BzWB7wadSJeg9Gvq/cv0="></latexit>

Mab!`0�`+`� = M1e
i(�1+�1) +M2e

i(�2+�2)

M̄āb̄!`0+`�`+ = M̄1e
i(��1+�1) + M̄2e

i(��2+�2)

Parton-level amplitudes

<latexit sha1_base64="k497Pq7MR6J1CyoPj/zWYpHEPIs="></latexit>

d�̂ab!`0�`+`� =W + U cos(�� +��) + V 0 sin(�� +��)

d¯̂�āb̄!`0+`�`+ =W + U cos(�� ���) + V
0
sin(�� ���)

Parton-level cross sections

TN odd:                             (V: TN-even)

<latexit sha1_base64="OOO8ef+TGaLhp3PqNfRUZlYRJcY="></latexit>

V 0 = V OCP

V
0
= V OCPTN even

<latexit sha1_base64="CXHcBRAygbJyaOC/x9TFI2LzpaY="></latexit>

�� = �1 � �2

�� = �2 � �2

di: CP even (FSI)
fi: CP odd
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<latexit sha1_base64="LLh7Wyz0sQ1aPO/HI+ZroMnKxoQ=">AAAB1XicbU/LSsNAFL1TXzW+qi7dBIvgqiTiY1t047KCfYApZTK9bcfOZMLMRA0lO3GrW/0U/8S/Ma3ZtPXAhcM553LvCWPBjfW8H1JaWV1b3yhvOlvbO7t7lf2DllGJZthkSijdCalBwSNsWm4FdmKNVIYC2+H4Zuq3n1AbrqJ7m8bYlXQY8QFn1OZSK1CMCrdXqXo1bwZ3mfgFqUKBRq/yHfQVSyRGlglqzIPvxbY7odpyJjBzgsRgTNmYDnEy+zFzT3Kp7w6Uziey7kydy1FpTCrDPCmpHZlFbyr+65n8gRH254/KRFiu1XPmOAGP4sS6MhXU4ovj5GX9xWrLpHVW8y9rF3fn1fp1UbsMR3AMp+DDFdThFhrQBAaP8AGf8EXaJCOv5O0vWiLFziHMgbz/AuBihO8=</latexit>

O

CP-odd
<latexit sha1_base64="cbSRBQ+I32zUm+gl6T8ltHiVePQ=">AAACHXicbU87T8MwGHTKq4RXgJHFokJiQFWCeKwVMDAwFIk+JFxVjvu1terEVuwUqii/hf/AyM6GWIERfglpydKWk2yd7s46n68E18Z1v6zCwuLS8kpx1V5b39jccrZ36lrGEYMak0JGTZ9qEDyEmuFGQFNFQANfQMMfXI79xhAizWV4Z0YKWgHthbzLGTWZ1HZuiOlDiMkQhrJLJKMCExVJZSQmTGpyBcJQ0hnfmBzhhEwqE1/EkCZE8zBPqD5P07ZTcsvuBHieeDkpoRzVtvNCOpLFAYSGCar1vecq00poZDgTkNok1qAoG9AeJJPiFB9kUgd3ZZSd0OCJOpWjgdajwM+SATV9PeuNxX89nX2gD53p0iAWhkfyIbVtwkMVGxyMBDXwaNvZWG922jypH5e9s/Lp7UmpcpHPLqI9tI8OkYfOUQVdoyqqIYae0Sf6Rj/Wk/VqvVnvf9GClb/ZRVOwPn4BzAmjUg==</latexit>

) hOi / cos�� sin��

CP-even
<latexit sha1_base64="6Ty7liq8AfLkHKNBv7dUuYZQcJc=">AAACHHicbY9LS8QwFIVTn2N9VV26CQ6CCxla8bEd1IXgRsFRwQxDmt5xgmkTknR0KP0r/ge3rt2JW8Wd/hM7tZtxvJBw+M5JuCdUghvr+5/OxOTU9Mxsbc6dX1hcWvZWVi+NTDWDFpNC6uuQGhA8gZblVsC10kDjUMBVeHc09K/6oA2XyYUdKGjH9DbhXc6oLVDHOyW2BwkmfejLLpGMCkyUlspKnJHy+0xDlGfE8IQcg7CURMM7zzHZxkXCVFT1eMer+w2/HDwugkrUUTVnHe+ZRJKlMSSWCWrMTeAr286otpwJyF2SGlCU3dFbyMpdcrxZoAh3pS5OYnFJR3I0NmYQh0UyprZn/npD+K9nigV6RdMRGKfCci3vc9clPFGpxfFAUAsPrluUDf5WGxeXO41gv7F3vltvHla1a2gdbaAtFKAD1EQn6Ay1EENP6AN9oW/n0XlxXp233+iEU71ZQyPjvP8ACGui2w==</latexit>

) hOi / sin�� cos��

Sensitive to tree-level CPv

O(10%) CP asymmetries

Requires CP-even phases (FSI)
        → higher-order effect
 →  O(0.1%) CP asymmetries

CP-even initial state
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Chose

 that are TN-odd,  and

Construct the TN-odd asymmetries

And an observable sensitive to CPv :

<latexit sha1_base64="Cr46La0IepVtaGFG2dSVElpkPh4="></latexit>

OCP = ~p`0� · (~p`+ ⇥ ~p`�) OCP = ~p`0+ · (~p`� ⇥ ~p`+)

<latexit sha1_base64="OKb7QtU/zUYGE0vWBZXT/aWrmCQ=">AAACEnicbU+7TsMwAHR4lvAKMLJYtEgsREmlwlrowkaR6EPCVeQ4bmvViaPYAaoof8E/8A/dECusIP4Gt2Rpy0mWTndnn8+POZPKcX6MldW19Y3N0pa5vbO7t28dHLalSBNCW0RwkXR9LClnEW0ppjjtxgnFoc9pxx81pn7nkSaSiehejWPaC/EgYn1GsNKSZ12hgPaRirMMEczhbe5lSCnYaOa5WTG1ASEayhgTmtk1FuXwHAn93rROB+McVjyr7NjODHCZuAUpgwJNz5qgQJA0pJEiHEv54Dqx6mU4UYxwmpsolVQXjvCAZrOBOTzVUgD7ItEnUnCmzuVwKOU49HUyxGooF72p+K8n9QeGNJgvDVOuWCKectNELIpTBcMxx4o+m6Ye6y5OWybtqu1e2LW7arl+XcwugWNwAs6ACy5BHdyAJmgBAl7BJ/gC38aLMTHejPe/6IpR3DkCczA+fgHsFJyY</latexit>

OCP �OCPCP

<latexit sha1_base64="jb1AJXPxJCK58CDY6JXA1YU3qpc="></latexit>

AT = N(OCP>0)�N(OCP<0)
N(OCP>0)+N(OCP<0) ĀT =

N(�OCP>0)�N(�OCP<0)
N(�OCP>0)+N(�OCP<0)

<latexit sha1_base64="STF4Ef3s/Qod1A682NWx6CV4H9I=">AAACA3icbU+7SgNBFJ2Nr7i+Vi1EbAaDEAvDbsBHIySmsYyQF7hhmZ1MkiGzD2Zm1bBs6T/4D3ZiJWirpa02tn6Gk0eTxAMXDuecy73HDRkV0jS/tNTc/MLiUnpZX1ldW98wNrdqIog4JlUcsIA3XCQIoz6pSioZaYScIM9lpO72SgO/fkO4oIFfkf2QND3U8WmbYiSV5Bh5HRaduFROzu02Rzi2kjifQJuRtswWnQo8graLeFxMFLc57XTloWNkzJw5BJwl1phkCmc/nzvfv7tlx3ixWwGOPOJLzJAQ15YZymaMuKSYkUS3I0FChHuoQ+JhowQeKKkF2wFX40s4VCdyyBOi77kq6SHZFdPeQPzXE+qBLmlNHvUiJikPbhNdt6kfRhJ6fYYkudN1VdaarjZLavmcdZI7vlKtL8AIabAH9kEWWOAUFMAlKIMqwOABvIF38KHda4/ak/Y8iqa08c42mID2+gdI65mf</latexit>

ACP =
1

2

�
AT � ĀT

�

May be affected by CP-
even contributions.
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<latexit sha1_base64="KlCYy3vrHVgJgANIwds/cCO3a0E="></latexit>

Iab /

R
R d� · fafb V |OCP|R

R d� · fafb · (W + U · cos(�� +��))

TN even phase-space region

PDF’s
More explicitly:

<latexit sha1_base64="lwiten2BSqdeRxGGyKbO2eKsjFw=">AAACUHicbVDJTsMwEHXKVlKWsJ24WFRFRYgqQSwnpLIc4FakbhKuIsd1W6t2EtkOUFUR/8VncOMD+AdukIZy6PIke8bvjcfz7IWcKW3bn0ZmYXFpeSW7aubW1jc2ra3tugoiSWiNBDyQTQ8ryplPa5ppTpuhpFh4nDa8/u1IbzxTqVjgV/UgpC2Buz7rMIJ1QrnW27VbhYdXcIgI5vAhdofYiyFSzC+iO8o1Ru3RDo/h+Bj22BFEgkgTeVjCmespi2Ea5nY6mejkWnm7ZKeAs4kzTvJgjIprvaN2QCJBfU04VurJsUPdGmKpGeE0NlGkaIhJH3fpMP2eGBYSqg07gUyWr2HKTtRhodRAJNMWBNY9Na2NyLmaSgbo0fbkoyLimsngJTZNxPww0lAMONb01TQTs860tdmkflpyLkrnj2f58s3YdhbsgwNQBA64BGVwDyqgBgj4MnLGrrFnfBjfxk/G+Cv9j2AHTCBj/gIyGq0/</latexit>

AT = Iab sin(�� +��)

ĀT = Iāb̄ sin(�� ���)

<latexit sha1_base64="JDEhAScjRLyGbHqvkHRZ+3+9hSc="></latexit>

ACP =
Iab + Iāb̄

2
cos�� sin��+

Iab � Iāb̄
2

sin�� cos��

Correction when initial state is not CP-even (e.g. LHC)

Survives even if Df =0

Suppressed for small CP-even phases Dd (no resonances)

‘Bona fide’ CPv contribution

Vanishes if Df =0

Insensitive to small CP-even phases Dd
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• Decoupling
• Weakly coupled
• Not directly observed 

Can be generated by 
S1 ~ (3,1,-1/3)
R2 ~ (3,2,7/6)

leptoquarks, in which case
| fS | = 4 | fT |

<latexit sha1_base64="KM4+N9aFY7hTq8/qt0q3BffJVUQ="></latexit>

L = LSM +

1X

n=5

1

⇤n�4

X

i

fiO
(n)
i ⇢ fS

⇤2
(l̄

j
e)✏jk(q̄

k
u) +

fT

⇤2
(l̄

j
�µ⌫e)✏jk(q̄

k
�
µ⌫
u) + H.c.



Reaction of interest (representative diagrams):

There is no NP-SM interference → CPv is purely NP-generated
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With t → b n l
Mixing 1st &2nd  

generations with the 3rd 

<latexit sha1_base64="nrAMb2y1oUPMrPKNbPDzinMIFF0=">AAAB1XicbU/LSgNBEOyJr7i+oh69LAbBQwi74uMa9OIxgnmAG8LspJOMmdlZZmbVEPYmXvWqn+Kf+Ddu4l6SWNBQVFXTXWEsuLGe90MKK6tr6xvFTWdre2d3r7R/0DQq0QwbTAml2yE1KHiEDcutwHaskcpQYCsc3Uz91hNqw1V0b8cxdiQdRLzPGbWZ1EwqQcVl3VLZq3ozuMvEz0kZctS7pe+gp1giMbJMUGMefC+2nQnVljOBqRMkBmPKRnSAk9mPqXuSST23r3Q2kXVn6lyOSmPGMsySktqhWfSm4r+eyR4YYm/+qEyE5Vo9p44T8ChOrCvHglp8cZysrL9YbZk0z6r+ZfXi7rxcu85rF+EIjuEUfLiCGtxCHRrA4BE+4BO+SIuk5JW8/UULJN85hDmQ919BNISA</latexit>u, c <latexit sha1_base64="nrAMb2y1oUPMrPKNbPDzinMIFF0=">AAAB1XicbU/LSgNBEOyJr7i+oh69LAbBQwi74uMa9OIxgnmAG8LspJOMmdlZZmbVEPYmXvWqn+Kf+Ddu4l6SWNBQVFXTXWEsuLGe90MKK6tr6xvFTWdre2d3r7R/0DQq0QwbTAml2yE1KHiEDcutwHaskcpQYCsc3Uz91hNqw1V0b8cxdiQdRLzPGbWZ1EwqQcVl3VLZq3ozuMvEz0kZctS7pe+gp1giMbJMUGMefC+2nQnVljOBqRMkBmPKRnSAk9mPqXuSST23r3Q2kXVn6lyOSmPGMsySktqhWfSm4r+eyR4YYm/+qEyE5Vo9p44T8ChOrCvHglp8cZysrL9YbZk0z6r+ZfXi7rxcu85rF+EIjuEUfLiCGtxCHRrA4BE+4BO+SIuk5JW8/UULJN85hDmQ919BNISA</latexit>u, c
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<latexit sha1_base64="KxJP5LUSDcTcu7+i5rZOgGjl3+4="></latexit>

ACP ⇠
✏ (pu, p`0+ , p`+ , p`�) ·

1

⇤4
Im (fSf?

T )

(SM) +
1

⇤4
[terms / |fS |2, |fT |2, Re(fS · f?

T )]

Levi-Civita product

Mainly (inclusive):

Subdominant (important when b tagging):  
<latexit sha1_base64="7jfnEKra3UWIBTbqAtssI15kwqo=">AAACBnicbU/LTgIxFO3gC8fXqEs3jcTEBSEzRnRLdOMSE3lEh5BOKdDQmTbtHZUQ9v6D/+DOmLjSrX6Bf2NBWADepOl53bQnUoIb8P0fJ7O0vLK6ll13Nza3tne83b2qkammrEKlkLoeEcMET1gFOAhWV5qROBKsFvUuR37tnmnDZXIDfcUaMekkvM0pASs1vaJSOASJAYcR0djet/kwP6WAa5YBnrKp3PRyfsEfD14EwQTk0GTKTe89bEmaxiwBKogxd4GvoDEgGjgVbOiGqWGK0B7psMG41BAfWamF21LbkwAeqzM5EhvTjyObjAl0zbw3Ev/1jP1Al7VmH41TAVzLh6HrhjxRKeC4LwiwR9e1ZYP5aougelIIzgrF69Nc6WJSO4sO0CE6RgE6RyV0hcqogih6Rp/oC307T86L8+q8/UUzzmRnH82M8/ELrqWU9w==</latexit>

pp ! tt̄Z, tt̄W, tt̄tt̄

<latexit sha1_base64="bAslIXUIxyU/3HJn6o9h4XDrEy0=">AAAB3HicbU/LSgMxFL2przq+qi7dBIsgCGVGfGyLblxWsA90asmkaRuaTGKSUUvpzp241a3+hn/i3zits2nrgQuHc87l3hNpwa3z/R+UW1hcWl7Jr3pr6xubW4XtnZpViaGsSpVQphERywSPWdVxJ1hDG0ZkJFg96l+O/fojM5ar+MYNNGtK0o15h1PiUqmpNQ6dwvVbfIQbrULRL/kT4HkSZKQIGSqtwnfYVjSRLHZUEGvvAl+75pAYx6lgIy9MLNOE9kmXDSevjvBBKrVxR5l0Yocn6lSOSGsHMkqTkrienfXG4r+eTR/osfb0UZkIx416GnleyGOdOCwHgjj27Hlp2WC22jypHZeCs9Lp9UmxfJHVzsMe7MMhBHAOZbiCClSBwgN8wCd8oXv0gl7R2180h7KdXZgCev8FaEmG7Q==</latexit>

pp ! WZ +X
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Looked at (as an example)

pp → e± µ+ µ-  + X 

Selection: 
   m(µ+ µ- ) > mmin (µ+ µ- ) 

… plus minimal acceptance and threshold restrictions (no detector modeling)

(No b-tagging, though it can suppress the main SM background.)
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<latexit sha1_base64="svftbs5YD8xgeNAaodp1x8l7VWE="></latexit>

ug-fusion : ⇤ = 1(2)TeV cg-fusion : ⇤ = 1(2)TeV

ACP 11.1% (7.9)% 3.9% (0.7)%
AT 16.4% (13.5)% 3.1% (0.5)%
ĀT �5.8% (�2.3)% �4.7% (�1.0)%

Stat. uncertainty only  (L = 1000 fb-1)

Stat. uncertainty only  (L = 3000 fb-1)

Aah!

RESULTS

Im( fS  fT*) = 0.25

• mmin (µ+ µ- ) = 400 GeV
• L = 1000 fb-1 

• L = 1 TeV

~100 SM trilepton events
~104  NP trilepton events
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• Trilepton final states provide an O(10%) CPv asymmetry

• A challenging probe of CPv @ LHC

• Other TN – odd observables can improve the asymmetry, e.g.

… but not dramatically.

<latexit sha1_base64="mZM7kWn+iEY4EinsRi7S0aNlBGM=">AAACIHicbY/LSsNAGIUn3o23qks3Q0VQhJII6koounHXCvYCjobJ9G87OJOEzB+1hLyFT+A7uPEJ3InL6lbfw7QVoeqBgcN3zjBz/EhJg47TtyYmp6ZnZufm7YXFpeWVwupa3YRJLKAmQhXGTZ8bUDKAGkpU0Ixi4NpX0PCvTwZ54wZiI8PgHHsRXGreCWRbCo458gqVlAmuaCXzUoZIT6rZlaRHNPJSPnBMtEKkTEEbtymrg0ijzPMpQ6nB/ABBWSw7Xdy5kl5h0yk5Q9G/xv02m+Ui273vl3tVr/DEWqFINAQoFDfmwnUivEx5jFIoyGyWGIi4uOYdSIdzM7qVoxZth3F+AqRDOtbj2pie9vOm5tg1v7MB/Dcz+Qe60Bp/VCcKZRzeZrbNZBAlSHVPcYQ7287Hur+n/TX1vZJ7UNo/y1cfk5HmyAYpkm3ikkNSJqekSmpEkEfyTj7Ip/VgPVsv1uuoOmF931knY7LevgC7paWC</latexit>

O
i
CP = pia · (~pb ⇥ ~pc)

i
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