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• hint for better understanding of SM?
... "lattice QCD vs data-driven calculation"

• hint for new physics beyond the SM?
... SUSY? à this talk
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n Motivations for SUSY
Ø leads to superstring theory, ... beyond this talk

Ø solves naturalness problem, ... disfavored by LHC (non-discovery of top-squark)

Ø helps gauge-coupling unification, 
Ø contains dark matter (DM) candidates,
Ø solves the muon g−2 anomaly.

vThis talk focuses on MSSM with R-parity.

SUSY is/was a nice candidate for the model beyond the SM because of several reasons.

à current status / prospects?

[ Minimal Supersymmetric Standard Model ]

Extended MSSM scenarios (gravitino, R-parity violation)
à Chakraborti, SI, Kim, Masełek, Sakurai [2202.12928]

The LSP becomes stable: Good dark matter candidate!
[ Lightest SUSY Particle ]
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n 4 candidates:

n DM density Ωh2 is (in "simplest" setup)
fixed by annihilation cross section:

to have 

n Extra contribution
DM Muon g−2
In SUSY, DM and g−2 are tightly related: Neutralinos appear in both.

The LSP becomes stable: Good dark matter candidate!
[ Lightest SUSY Particle ]

thermally-produced, freeze-out DM
with the standard thermal history of Universe.

<latexit sha1_base64="qd5bs8/L+CrDOCCu5e44FAMTf+A=">AAAB73icZU7NTsJAGNxFQax/qEcvKBdMhNCGaDyYkBiNHkjQ8mdYIMvyiY3b7trdGknT5/BmvPpCJr6LByvWgzKnyTcz38xIckfpSuUDpxYW05ml7LKxsrq2vpHb3GorEfgMWkxw4XdHVAF3PGhpR3PoSh+oO+LQGd2ffuudR/CVI7ymnkrou3TiObcOozo+DXOSDokbDEKi4UmHdduuRxGhUvriidz6lIXuTLcIGwv9YyoyEcTTvMl+NLCiJFm0W/ZNSVJfO4xD3qVKzWSiNGX3PvDdE4ucnZWOh7lCpVyZIT9PzIQUUILGMHdHxoIFLnia8fhtz7Sk7odJU2QYRNIJKD3lEIIr9TQySKBAxrXxvXddP7Cbl91+WJ/a3BnDufD0H8evEBnxNPP/kHnStsrmYbl6VS3UqsnILNpBe6iITHSEaugCNVALMfSOPnEaZ/ADfsYv+PXHmsJJZhv9AX77AjXSjko=</latexit>MSSMᆋ ۳ ഌႳᆋ ޒ (coupling)Ⴓ
(SUSY-particle mass)Ⴓ ៀҲ ѳ ҰѲѱႼႺ

à relevant SUSY-particles
should ≲ 1 TeV.

SUSY particles
<latexit sha1_base64="L5KblnaFmvAXnoA2Qlfg4TgZC7s="></latexit> ս࿅Ⴑ : neutralinoս࿅៓: charginoսྺ : smuonսྻᆋ : mu-sneutrino

(mixed to form neutralinos            )
<latexit sha1_base64="7C750Jw6FDKuNHEF/KFs5yBasjg=">AAABmnicZY7LSsNAGIX/1FuNt6jLuih24yKUpAbdFgWxSKHaKzQ1TKa/7dDJhcxECSELn8atPo5vY9S4qD2rw7nA54acCWkYn0ppbX1jc6u8re7s7u0faIdHAxHEEcU+DXgQjVwikDMf+5JJjqMwQuK5HIfu4vq7Hz5jJFjg92QS4sQjM589MUpkHjlaxX5hU5SMT7Fq0zl7NJzU1Bv6uW5ljlYz6saPqqvGLEwNCnUcbW5PAxp76EvKiRBjsxHKSUoiySjHTFXtkMxQyIRjil4ok0y1Y4EhoYs8Hz+09W6vNZqk7aTLc6qbwJdLi78iU3M08z/Iqhk06uZF3bq3ak2rgCxDBU7hDEy4hCbcQgf6QOEV3uAdPpQT5UppKXe/05JSfI5hSUrvC+QLazY=</latexit> ս࿅ႱႲᆠႳᆠႴᆠႵ

µL µR

�e�± or e�0

e⌫µ or eµ

<latexit sha1_base64="xBQKMSwMk35HBllx+cIdlWwg/QU=">AAAB4XicZY7LTsJQFEVP8YX1VXXopBEGDghpCdEpwcTggATlURIKpL091htuH+m9lTSED3BmnPpD/oI/4VSHFq0DYI921jon2XbIKBea9iHlNja3tnfyu/Le/sHhkXJ80uNBHBHskoAFUd+2ODLqY1dQwbAfRmh5NkPDnlwvvPGEEaeB3xFJiEPPcn36QIklUjRW7Dr1A7VoTqmDgjIH1XqxpBqr0BhpKW5Q1+Wp4kuuMdLMqRqnfp06RVkeKwWtrP1GXS96VgqQpTVWHk0nILGHviDM4nygV0IxnFmRoIThXJbN0HKRi4ThDL1QJHPZjDmGFpmkfHDfLLU7t/3hrJm0WbrnJvDF0sW/mC+m6atD1kuvUtYvy9W7SqFWzUbm4QzO4QJ0uIIaNKAFXSDwDp/wBd8SkZ6lF+n17zQnZT+nsBTp7Qfk8oS2</latexit>

Bino ս, Wino ս Ⴑ, Higgsinos ս೫Ⴑჴ, ս೫Ⴑჟ

<latexit sha1_base64="Hyrt4w/TMHVPTFHT3XzR90EdUxE=">AAABv3icbY7LSsNAGIX/1FuNt6hLN8VuKkhoStGVUFFEwWK1V2jaMJn+pkMnFzJTMYR5HZ/GrYJvY9W4qPWsPs4FjhtxJmS5/KHllpZXVtfy6/rG5tb2jrG71xHhNKbYpiEP455LBHIWYFsyybEXxUh8l2PXnVx85d0njAULg5ZMIhz4xAvYI6NEzizHqJXsOx89UhgPK0dOakt8lults6HU2X/JZV2pYcahK5QyHaNYNsvfKiyClUERMjUcY2yPQjr1MZCUEyH6ViWSg5TEklGOStftiHgoZMIxRT+SidLtqcCI0MnM7z/Uj5utm94grSdNzkZ4FQZyrvEbKH12zfp7ZBE6FdM6Mav31WKtmp3MwwEcQgksOIUaXEMD2kDhBV7hDd61c83TAi36qea0bLMPc9KST+pbe4g=</latexit>ШͤӈႳЩLSP Ҳ ШͤӈႳЩobsDM М
-LSP à mLSP ~ 2.7 TeV,
-LSP à mLSP ~ 1.1 TeV,
-LSP à extra mechanism

to reduce DM,

<latexit sha1_base64="UWx0nmezyPc8Iel3qBt5MPwzQ18=">AAABuHicZY5LS8NAFIVvfNb4irp0U2wXLkpJSlF0VRBEF4Vqn9ApdTK5xqGTB5mJEkJ+i7/Gra79N6YahdqzOpxz7uWzQ8GlMs1PbWV1bX1js7Slb+/s7u0bB4cDGcQRwz4LRBCNbCpRcB/7iiuBozBC6tkCh/bsat4PnzGSPPB7Kglx4lHX54+cUZVHU+OC2OhyP1XUjgWNspS1UlLLRKZXyQt3UHHhYHlYJUQn6Dt/O12fGhWzbn6rvGyswlSgUGdqPBEnYLGHvmKCSjm2GqGapDRSnAnMP5KQuihVIjBFL1RJppNYYkjZLM/H9+1at3c7mqTtpCtysuvAVwuL3yKbo1n/QZbNoFG3zurNu0al1SwgS3AMJ3AKFpxDC26gA31g8Apv8A4f2qX2oLka/5muaMXNESxIi74AUEB4XQ==</latexit> ս
<latexit sha1_base64="zmhuHmb0LbjUYWdposWWIfSGKHI=">AAABuHicZY5LS8NAFIVv6qvGV9Slm2K7cFFKUoqiq4IgdVGo9gmdUieTax06eZCZKCHkt/hr3Oraf2OqUag9q8M5514+OxBcKtP81Apr6xubW8VtfWd3b//AODwaSD8KGfaZL/xwZFOJgnvYV1wJHAUhUtcWOLTn14t++Iyh5L7XU3GAE5fOPP7IGVVZNDUuiY0z7iWK2pGgYZqwZkKqqUj1CnnhDiouHCy1KoToBD3nb6frU6Ns1sxvlVaNlZsy5OpMjSfi+Cxy0VNMUCnHVj1Qk4SGijOB2UcS0BlKFQtM0A1UnOokkhhQNs/y8X272u3djiZJO+6KjOzG99TS4rdIF2jWf5BVM6jXrPNa465ebjZyyCKcwCmcgQUX0IQWdKAPDF7hDd7hQ7vSHrSZxn+mBS2/OYYlaeEXPp14Tg==</latexit> ս೫

<latexit sha1_base64="OKnZRFilGN1p4tuh6ij0QdqznTg=">AAABuHicZY5LS8NAFIVv6qvGV9Slm2K7cFFKUoqiq6IguihU+4ROqZPJNQ6dJiEzUULIb/HXuNW1/8ZUo1B7Vodzzr18diC4VKb5qRVWVtfWN4qb+tb2zu6esX/Ql34UMuwxX/jh0KYSBfewp7gSOAxCpDNb4MCeXs37wTOGkvteV8UBjmfU9fgjZ1Rl0cQ4Jza63EsUtSNBwzRhzYRUU5HqFfLCHVRcOFi6rBCiE/Scv52uT4yyWTO/VVo2Vm7KkKs9MZ6I47Nohp5igko5suqBGic0VJwJzD6SgLooVSwwwVmg4lQnkcSAsmmWj+5b1U73djhOWnFHZGTXvqcWFr9FOkez/oMsm369Zp3WGnf1crORQxbhCI7hBCw4gybcQBt6wOAV3uAdPrQL7UFzNf4zLWj5zSEsSAu/ADePeEg=</latexit> ս
Lopez, Nanopoulos, Wang [ph/9308336]

Chattopadhyay, Nath [ph/9507386]
Moroi [ph/9512396]

(cf. Cho et al. [1104.1769])
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If g−2 anomaly = MSSM contribution,
LSP mass ≲ O(100) GeV. Then...

It is not straightforward to achieve both.

-LSP à explains only ~1% of DM
+ constr. from wino searches @ LHC.

-LSP à explains only ~1% of DM
+ constr. form direct detections.

-LSP à needs extra mechanism to reduce bino-DM.
Ø Bino-Higgsino mixing
Ø Coannihilation

+ constraints from LHC searches.

<latexit sha1_base64="UWx0nmezyPc8Iel3qBt5MPwzQ18=">AAABuHicZY5LS8NAFIVvfNb4irp0U2wXLkpJSlF0VRBEF4Vqn9ApdTK5xqGTB5mJEkJ+i7/Gra79N6YahdqzOpxz7uWzQ8GlMs1PbWV1bX1js7Slb+/s7u0bB4cDGcQRwz4LRBCNbCpRcB/7iiuBozBC6tkCh/bsat4PnzGSPPB7Kglx4lHX54+cUZVHU+OC2OhyP1XUjgWNspS1UlLLRKZXyQt3UHHhYHlYJUQn6Dt/O12fGhWzbn6rvGyswlSgUGdqPBEnYLGHvmKCSjm2GqGapDRSnAnMP5KQuihVIjBFL1RJppNYYkjZLM/H9+1at3c7mqTtpCtysuvAVwuL3yKbo1n/QZbNoFG3zurNu0al1SwgS3AMJ3AKFpxDC26gA31g8Apv8A4f2qX2oLka/5muaMXNESxIi74AUEB4XQ==</latexit> ս
<latexit sha1_base64="zmhuHmb0LbjUYWdposWWIfSGKHI=">AAABuHicZY5LS8NAFIVv6qvGV9Slm2K7cFFKUoqiq4IgdVGo9gmdUieTax06eZCZKCHkt/hr3Oraf2OqUag9q8M5514+OxBcKtP81Apr6xubW8VtfWd3b//AODwaSD8KGfaZL/xwZFOJgnvYV1wJHAUhUtcWOLTn14t++Iyh5L7XU3GAE5fOPP7IGVVZNDUuiY0z7iWK2pGgYZqwZkKqqUj1CnnhDiouHCy1KoToBD3nb6frU6Ns1sxvlVaNlZsy5OpMjSfi+Cxy0VNMUCnHVj1Qk4SGijOB2UcS0BlKFQtM0A1UnOokkhhQNs/y8X272u3djiZJO+6KjOzG99TS4rdIF2jWf5BVM6jXrPNa465ebjZyyCKcwCmcgQUX0IQWdKAPDF7hDd7hQ7vSHrSZxn+mBS2/OYYlaeEXPp14Tg==</latexit> ս೫

<latexit sha1_base64="OKnZRFilGN1p4tuh6ij0QdqznTg=">AAABuHicZY5LS8NAFIVv6qvGV9Slm2K7cFFKUoqiq6IguihU+4ROqZPJNQ6dJiEzUULIb/HXuNW1/8ZUo1B7Vodzzr18diC4VKb5qRVWVtfWN4qb+tb2zu6esX/Ql34UMuwxX/jh0KYSBfewp7gSOAxCpDNb4MCeXs37wTOGkvteV8UBjmfU9fgjZ1Rl0cQ4Jza63EsUtSNBwzRhzYRUU5HqFfLCHVRcOFi6rBCiE/Scv52uT4yyWTO/VVo2Vm7KkKs9MZ6I47Nohp5igko5suqBGic0VJwJzD6SgLooVSwwwVmg4lQnkcSAsmmWj+5b1U73djhOWnFHZGTXvqcWFr9FOkez/oMsm369Zp3WGnf1crORQxbhCI7hBCw4gybcQBt6wOAV3uAdPrQL7UFzNf4zLWj5zSEsSAu/ADePeEg=</latexit> ս

Iwamoto, Yanagida, Yokozaki [2104.03223]

XENON 1T

<latexit sha1_base64="dNqIuYFzyR2cLulrYpIvBdgzUVc=">AAABsXicZY7LToNQEIaHeqt4Q126IbYLF4YANrptYuJl0aTaqym1HmCsJz3ACedUQwg+h0/jVl/BtxErLmr/1Z/5/5n5XM6okKb5pZSWlldW18rr6sbm1vaOtrvXFdE09rDjRSyK+y4RyGiIHUklwz6PkQQuw547Of/Je88YCxqFbZlwHAZkHNJH6hGZj0aa7cxupPwyRgyzqvNCfZSU+aj37h0eVHUidJ8KwrnxKmPiTcRIq5iGOZO+aKzCVKBQc6Q9OX7kTQMMpceIEAPL5nKYklhSj2Gmqg4nYxQyYZhiwGWSqc5UIM+f5fPBbeO41b7uD9NG0mI53UUUyrnGX5CpOZr1H2TRdG3DOjVqN3alXisgy3AAh3AEFpxBHa6gCR3w4A3e4QM+lRPlTnlQ3N9qSSl29mFOyuQboRx2Kg==</latexit> ս៓ as disapp
. track

s

* Wino disappearing track searches: ATLAS [2201.02472], CMS [2004.05153]
[ from .       may also provide constraints.]

* direct det. by XENON1T [1805.12562]; not included are PandaX-4T [2107.13438] and LZ (2022).

<latexit sha1_base64="csja4h0p8kvMz+M+bkYbV+lUfpc=">AAAB3nicZY5LT8JAFIVv8YX1hbp00wgLI0poQ3RLYmJ0QYLyTBjAYbjihKEd2qmkId26M279Q/4If4Nb3QtYTZCzuPnuOfcmpyMF91Q2+67FlpZXVtfi6/rG5tb2TmJ3r+o5vsuwwhzhuPUO9VBwGyuKK4F16SIddATWOv2LaV57RNfjjl1WgcTmgPZsfs8ZVROrnWinLIJCpAmjNkMxliEZGeWUQYZDn3bJdBgpKYlyiOKii8T2/6B1PLENMuJdnFlGrZWe205TejuRzGayMxmLYEaQhEjFduKBdB3mD9BWTFDPa5iWVM0xdRVnAkNdJ5L20FOBwDEOpApCnfgeSsr6E79xWzgpla/rzXEhKIlJlUvHVnMXv0E4rWb+L7IIVStjnmVyN1Yyn4tKxuEADuEITDiHPFxBESrA4A0+4BO+tDvtSXvWXn5OY1r0sw9z0l6/AYcshzI=</latexit>ѳӍ Ҭ ◆◆ഏვ ഏഏ צ ˦ྻ ˦ྻ១ צ ս Ⴛ ս Ⴜ

<latexit sha1_base64="6ds5e1J1gOpXxi8HVziF6WoUve4="></latexit>

— : ͤLSPФͤDM [%]
— : MSSMᆋ Ұ ѲѱႺ
Green: exclusions

Price: Avoid constraints && (extra DM || non-simple cosmology)

Example: "SUGRA" framework of SUSY-breaking
(Wino / Higgsino / Wino-Higgsino mixed DM)

ß disfavored by DM direct detections.

Price: Avoid LHC && (DM reduction mechanism || non-simple cosmology)

latter half of this talk
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<latexit sha1_base64="yjRBffTlhneqBDxOy5U5sYxI6Oo=">AAAB5nicZY5LS8NAFIUnPmt8VV26EYslhbFM2vrYCC2CurBQ0T6gU8Ikvbahk4fJRAylf8GduPUXufd/uFWc1ghqz+XC4X5nhmP63A4FIW/KzOzc/MJiakldXlldW09vbDZCLwosqFse94KWyULgtgt1YQsOLT8A5pgcmubgdMyb9xCEtufeiNiHjsN6rn1rW0zIk5HuZzXHILhq6HKLuRON4OIxIbhwQEiOnkMD07uIdVWNCuZSEwTDjlGRuZLMEELGkRymVM1qFSPCFaMrFyTf1yXFcia/5FUjnSF5MtHOtNETk0GJaka6R7ueFTngCouzMGzrBV90hiwQtsVhpKrUZz0IRcxhCI4v4pG6R6MQfGYNJGiLB3xZ7Qyr8TW3u3DmuWKk/uI/YDRupv/vMW0ahbx+mC9dlTLlUtIxhbbRLtKQjo5QGV2gGqojC72id/SBPpW+8qg8Kc/f0RklebOF/kh5+QIeGn/J</latexit>

(m0,M1,M3) = (0, 3800, 2500)GeV, (tan �,mA) = (40, 2000GeV),

(Au, Ad, Ae) = (�1000, 0, 0)GeV.

https://arxiv.org/abs/2104.03223
https://arxiv.org/abs/2201.02472
https://arxiv.org/abs/2004.05153
https://arxiv.org/abs/1805.12562
https://arxiv.org/abs/2107.13438


1. DM ó g−2 : tightly connected in MSSM
Ø -LSP & g−2 = partial DM + LHC constraints
Ø -LSP & g−2 = partial DM + direct det. constraints
Ø -LSP & g−2 = too much DM + LHC constraints

2. MSSM provides 4 scenarios (solutions) to the g−2 anomaly.
1. WHL:
2. BLR:
3. BHL, BHR:

3.Conclusion

Agenda

SUSY now: DM and muon g−2

<latexit sha1_base64="UWx0nmezyPc8Iel3qBt5MPwzQ18=">AAABuHicZY5LS8NAFIVvfNb4irp0U2wXLkpJSlF0VRBEF4Vqn9ApdTK5xqGTB5mJEkJ+i7/Gra79N6YahdqzOpxz7uWzQ8GlMs1PbWV1bX1js7Slb+/s7u0bB4cDGcQRwz4LRBCNbCpRcB/7iiuBozBC6tkCh/bsat4PnzGSPPB7Kglx4lHX54+cUZVHU+OC2OhyP1XUjgWNspS1UlLLRKZXyQt3UHHhYHlYJUQn6Dt/O12fGhWzbn6rvGyswlSgUGdqPBEnYLGHvmKCSjm2GqGapDRSnAnMP5KQuihVIjBFL1RJppNYYkjZLM/H9+1at3c7mqTtpCtysuvAVwuL3yKbo1n/QZbNoFG3zurNu0al1SwgS3AMJ3AKFpxDC26gA31g8Apv8A4f2qX2oLka/5muaMXNESxIi74AUEB4XQ==</latexit> ս
<latexit sha1_base64="zmhuHmb0LbjUYWdposWWIfSGKHI=">AAABuHicZY5LS8NAFIVv6qvGV9Slm2K7cFFKUoqiq4IgdVGo9gmdUieTax06eZCZKCHkt/hr3Oraf2OqUag9q8M5514+OxBcKtP81Apr6xubW8VtfWd3b//AODwaSD8KGfaZL/xwZFOJgnvYV1wJHAUhUtcWOLTn14t++Iyh5L7XU3GAE5fOPP7IGVVZNDUuiY0z7iWK2pGgYZqwZkKqqUj1CnnhDiouHCy1 KoToBD3nb6frU6Ns1sxvlVaNlZsy5OpMjSfi+Cxy0VNMUCnHVj1Qk4SGijOB2UcS0BlKFQtM0A1UnOokkhhQNs/y8X272u3djiZJO+6KjOzG99TS4rdIF2jWf5BVM6jXrPNa465ebjZyyCKcwCmcgQUX0IQWdKAPDF7hDd7hQ7vSHrSZxn+mBS2/OYYlaeEXPp14Tg==</latexit> ս೫

<latexit sha1_base64="OKnZRFilGN1p4tuh6ij0QdqznTg=">AAABuHicZY5LS8NAFIVv6qvGV9Slm2K7cFFKUoqiq6IguihU+4ROqZPJNQ6dJiEzUULIb/HXuNW1/8ZUo1B7Vodzzr18diC4VKb5qRVWVtfWN4qb+tb2zu6esX/Ql34UMuwxX/jh0KYSBfewp7gSOAxCpDNb4MCeXs37wTOGkvteV8UBjmfU9fgjZ1Rl0cQ4Jza63EsUtSNBwzRhzYRUU5HqFfLCHVRcOFi6rBCiE/Scv52uT4yyWTO/VVo2Vm7KkKs9MZ6I47Nohp5igko5suqBGic0VJwJzD6SgLooVSwwwVmg4lQnkcSAsmmWj+5b1U73djhOWnFHZGTXvqcWFr9FOkez/oMsm369Zp3WGnf1crORQxbhCI7hBCw4gybcQBt6wOAV3uAdPrQL7UFzNf4zLWj5zSEsSAu/ADePeEg=</latexit> ս
extra DM?
non-simple cosmology?

coannihilation?
non-simple cosmology?
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MSSM has four dominant contributions to the muon g−2.
WHL BLR

BHL BHR

µL µR

�fW±Ĝ eH±

e⌫µ
µL µR

�eµLĜeµR

eB

µL µR

�eµL

eBĜ eH0

µL µR

�eµR

eH0Ĝ eB

SUSY particles
<latexit sha1_base64="L5KblnaFmvAXnoA2Qlfg4TgZC7s="></latexit> ս࿅Ⴑ : neutralinoս࿅៓: charginoսྺ : smuonսྻᆋ : mu-sneutrino

µL µR

�e�± or e�0

e⌫µ or eµ

mass insertion approx.

(cf. Cho et al. [1104.1769])

Three* light particles = sufficient for g−2.

<latexit sha1_base64="6ds5e1J1gOpXxi8HVziF6WoUve4="></latexit>

— : ͤLSPФͤDM [%]
— : MSSMᆋ Ұ ѲѱႺ
Green: exclusions

e.g.)

: "WHL scenario"
Left-handed slepton

à What if Bino is also light?
(i.e., Bino-LSP with WHL?)

<latexit sha1_base64="KOw9ppjPU8yOvMaKq6p0jdT3A+Y=">AAABwHicZY5LS8NAFIVv6qvGV9Slm2A3FUpJStGVUBW0LorVPqFTymRybYdOHmamSiz17/hr3Cr+G6NGsHpW555zLnxOKLhUlvWuZRYWl5ZXsqv62vrG5paxvdOWwSRi2GKBCKKuQyUK7mNLcSWwG0ZIPUdgxxmfffade4wkD/ymikPse3To81vOqEqigXFybJIH7qLiwkWzU/h9Vecu4k/MJyK5R64iF6O8bVkH5ALbAyNnFa0vmf+NnZocpKoPjBFxAzbx0FdMUCl7dilU/SmNFGcCZ7pOQjpEqWKBU/RCFc90MpEYUjZO8t5NrdBoXnb701rcEAndeeCrucVPMdMTNPsvyH/TLhXtw2L5upyrlFPILOzBPuTBhiOoQBXq0AIGz/ACr/CmnWojLdDuvqcZLf3ZhTlpjx9odnoL</latexit>Ҳ սИ ս೫И ˦ྻ ۠ ൛ШѲѱѱЩრთ

*In terms of gauge multiplets. Flavor universality is often assumed.
<latexit sha1_base64="Mn+jKQRMSxkCKH7YWK1uxSdEPMc=">AAACZXicbY7LTsJAFIan9YZVFC9x48KJsHDRkJYQ3ZKYGEwgQbkmFJphOMKE6SXtVEIqvKcvoK9hxZpY6ln9+c53Tv6Ry5kvNO1dkre2d3b3MvvKwWH26Dh3ctrxncCj0KYOd7zeiPjAmQ1twQSHnusBsUYcuqPZ/fe++wqezxy7JRYuDCwysdkLo0REyMx9VMGmgAvGnI1BMD4G3B0arqXiBNEK6mr1V6qmpOpQM0NdLS03VTDmuJZQDStIM0HWsKBiYo8ThQw7MCHimyx68x+NHhUw8QBzNpkKPAUPimYurxW19eB00OOQR/E0zNzUGDs0sMAWlBPf7+slVwxC4glGOSwVxXDJBHyx4BCC5YrFUjECH1xCZxHvP9fVZuuxNwjriyaP6j04tkgYv4ulElXTN4ukQ6dU1G+L5adSvlKOS2bQJbpGN0hHd6iCqqiB2ohKNcmTQulN+pSz8rl88aPKUnxzhhIjX30Bp0Gx2Q==</latexit>

Hence ս ៓И ս Ⴑ, ս೫៓И ս೫ႱႲᆠႳ, ˦ംჍИ սྺჍИ ˦࿂Ⴭ, and ˦ᅉྻ, ˦ᆋྻ, ˦ᆓྻ are light here.
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Example of WHL model with by-hand bino-LSP. Endo, Hamaguchi, SI, Kitahara [2001.11025][2104.03217]

WHL

µL µR

�fW±Ĝ eH±

e⌫µ

<latexit sha1_base64="Si1KyihfZAL4hXMtdoAXl8nvR5I="></latexit>

Masses set at low energyИྺ Ҳ ႳИ ēÿč ྰ Ҳ ѵѱИ ս࿅ႱႲ Ҳ ѲѱѱრთИ ᅜᆠᅈᆠᅉ Ҳ ѱИ
right-handed sleptons, squarks, gluinos, extra Higgses ܜ ѲვრთМ

SLSL: ATLAS [1908.08215], CMS [2012.08600].
CC/WW: ATLAS [1909.09226].
NC/3L: CMS [1709.05406], ATLAS [1803.02762].
Results to be analyzed: 2106.01676, 2108.07586.

LHC constraints
<latexit sha1_base64="qesKJBfthrToR1l3/zjnVTjJRnU="></latexit>ю սྺჍ Ҵ ս ៓И ս೫៓ս Ⴛ ս Ⴜ צ Ⴛ Ⴜ

◆◆ഏვ (CC/WW)ս Ⴑ ս Ⴛ צ  Ҭ ◆◆ഏვИ ೫ Ҭ ◆◆ഏვ (NC/HW, NC/ZW)

ю սྺჍ ҳ ս ៓И ս೫៓սྺჍ սྺ១Ⴭ צ ѳྺ Ҭ ◆◆ഏვ (SLSL)ս Ⴑ ս Ⴛ צ ШྺսྺჍЩШྺ ˦ྻЩ צ Ѵྺ Ҭ ◆◆ഏვ (NC/3L)

N.B. Exclusions at the "obviously 95%-CL excluded" criterion.
Slepton universality is assumed.

Bino (LSP) mass

Wino/Higgsino mass

slepL
mass
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Bino-stau coannihilation works if                          ... excluded by NC/3L. 
<latexit sha1_base64="0Q74drzCnw4ho3VJigs2xdEwgWU=">AAABpnicZY7LTsJAGIX/wRvWW9WlGyILITGkJUS3RBOjCwwKBRJKcDr84oRpO3ammobwCD6NW30Q38aqNRE5q5NzST5PCq60ZX2Q3NLyyupaft3Y2Nza3jF39zoqjCOGDgtFGPU8qlDwAB3NtcCejJD6nsCuNzn/6rtPGCkeBm2dSBz4dBzwe86oTqOheeSX3Gc+Qs3FCAtnZVdxHx8Lf1NX07g8NItWxfpWYdHYmSlCpubQfHBHIYt9DDQTVKm+XZV6MKWR5kzgzDBcSceodCJwir7UycxwY4WSskma928bx632VW8wbSQtkZJchIGeW/wWMyNFs/+DLJpOtWKfVGo3tWK9lkHm4QAOoQQ2nEIdLqEJDjB4gVd4g3dSItfEId2faY5kn32YE7n7BAgecQE=</latexit>ഌШսЩ ۫ ഌШ ˦࿂Щ <latexit sha1_base64="bURKS+ARibo92nqBZz0xQyYhFxg=">AAABnXicZY7LSsNAGIX/qbcab1GXgha7cVFKUoJuC6IotFLtFZpSJtPfOnSSDJmJJZTufBq3+jK+jVEjUntWh3OBz5OCK21ZHyS3srq2vpHfNLa2d3b3zP2DjgrjiGGbhSKMeh5VKHiAbc21wJ6MkPqewK43ufzqu88YKR4GLZ1IHPh0HPBHzqhOo6F57E75CDUXIywId1qolf4CN4iHZtEqW98qLBs7M0XI1BiaT+4oZLGPgWaCKtW3K1IPZjTSnAmcG4Yr6RiVTgTO0Jc6mRturFBSNknz/kO91Gzd9gazetIUKcd1GOiFxW8xN1I0+z/IsulUyvZ52bl3ilUng8zDEZzCGdhwAVW4gQa0gcELvMIbvJMTckVq5O5nmiPZ5xAWRLqfHhJtvg==</latexit> ˦ഋჍИ ˦ྻ

<latexit sha1_base64="jzF7ELBtnvc5civAGRXGHodfBEg=">AAABiXicZY7LSsNAGIX/qbeaeom6dFPMxoWUpIQqrooF0UWh2lugKWUy+a1DJ8mQmSqh9DXc6mv5NkaNi9qzOpwLfIEUXGnb/iSljc2t7Z3yrlHZ2z84NI+OByqZpwz7LBFJ6gVUoeAx9jXXAj2ZIo0CgcNg1vruhy+YKp7EPZ1JHEd0GvMnzqjOI99/5SFqLkKs3kxMy67ZP6quG6cwFhTqTMxnP0zYPMJYM0GVGjl1qccLmmrOBC4Nw5d0ikpnAhcYSZ0tDX+uUFI2y/PRY/ui27v3xot21hU5xm0S65XFX7E0cjTnP8i6GdRrTqPmPrhW0y0gy3AKZ3AODlxCE+6gA31gIOEN3uGDVIhDrsj177REis8JrIi0vgD1YmXu</latexit>ս

<latexit sha1_base64="bC6amuOCZn1YOs3Evft0QYfXvOs=">AAABmHicZY5LS8NAFIXv1FeNj0ZdqZtiNy5KSUrRbUHQdlGofUNTwmR6rUMnyZCZKKEUf41b/T3+G6NGsPaszj3nXPg8KbjSlvVBchubW9s7+V1jb//gsGAeHQ9UGEcM+ywUYTTyqELBA+xrrgWOZITU9wQOvfnNVz98wkjxMOjpROLEp7OAP3BGdRq55qnzzKeouZhicVj+czRcs2RVrG8V142dmRJkarvmozMNWexjoJmgSo3tqtSTBY00ZwKXhuFIOkOlE4EL9KVOloYTK5SUzdN83GmVu73maLJoJV2RYtyGgV5Z/BZLI0Wz/4Osm0G1Yl9Vave1Ur2WQebhHC7gEmy4hjo0oA19YPACr/AG7+SM1Mkdaf5McyT7OYEVkc4n0VprYQ==</latexit> սИ ս೫

https://arxiv.org/abs/2001.11025
https://arxiv.org/abs/2104.03217
https://arxiv.org/abs/1908.08215
https://arxiv.org/abs/2012.08600
https://arxiv.org/abs/1909.09226
https://arxiv.org/abs/1709.05406
https://arxiv.org/abs/1803.02762
https://arxiv.org/abs/2106.01676
https://arxiv.org/abs/2108.07586


1. DM ó g−2 : tightly connected in MSSM
Ø -LSP & g−2 = partial DM + LHC constraints
Ø -LSP & g−2 = partial DM + direct det. constraints
Ø -LSP & g−2 = too much DM + LHC constraints

2. MSSM provides 4 scenarios for g−2.
1. WHL: Coannihil.    -DM 🚫LHC searches (chargino-neutralino).
2. BLR: Coannihil.    -DM
3. BHL/R:

3.Conclusion

Agenda

SUSY now: DM and muon g−2

<latexit sha1_base64="UWx0nmezyPc8Iel3qBt5MPwzQ18=">AAABuHicZY5LS8NAFIVvfNb4irp0U2wXLkpJSlF0VRBEF4Vqn9ApdTK5xqGTB5mJEkJ+i7/Gra79N6YahdqzOpxz7uWzQ8GlMs1PbWV1bX1js7Slb+/s7u0bB4cDGcQRwz4LRBCNbCpRcB/7iiuBozBC6tkCh/bsat4PnzGSPPB7Kglx4lHX54+cUZVHU+OC2OhyP1XUjgWNspS1UlLLRKZXyQt3UHHhYHlYJUQn6Dt/O12fGhWzbn6rvGyswlSgUGdqPBEnYLGHvmKCSjm2GqGapDRSnAnMP5KQuihVIjBFL1RJppNYYkjZLM/H9+1at3c7mqTtpCtysuvAVwuL3yKbo1n/QZbNoFG3zurNu0al1SwgS3AMJ3AKFpxDC26gA31g8Apv8A4f2qX2oLka/5muaMXNESxIi74AUEB4XQ==</latexit> ս
<latexit sha1_base64="zmhuHmb0LbjUYWdposWWIfSGKHI=">AAABuHicZY5LS8NAFIVv6qvGV9Slm2K7cFFKUoqiq4IgdVGo9gmdUieTax06eZCZKCHkt/hr3Oraf2OqUag9q8M5514+OxBcKtP81Apr6xubW8VtfWd3b//AODwaSD8KGfaZL/xwZFOJgnvYV1wJHAUhUtcWOLTn14t++Iyh5L7XU3GAE5fOPP7IGVVZNDUuiY0z7iWK2pGgYZqwZkKqqUj1CnnhDiouHCy1 KoToBD3nb6frU6Ns1sxvlVaNlZsy5OpMjSfi+Cxy0VNMUCnHVj1Qk4SGijOB2UcS0BlKFQtM0A1UnOokkhhQNs/y8X272u3djiZJO+6KjOzG99TS4rdIF2jWf5BVM6jXrPNa465ebjZyyCKcwCmcgQUX0IQWdKAPDF7hDd7hQ7vSHrSZxn+mBS2/OYYlaeEXPp14Tg==</latexit> ս೫

<latexit sha1_base64="OKnZRFilGN1p4tuh6ij0QdqznTg=">AAABuHicZY5LS8NAFIVv6qvGV9Slm2K7cFFKUoqiq6IguihU+4ROqZPJNQ6dJiEzUULIb/HXuNW1/8ZUo1B7Vodzzr18diC4VKb5qRVWVtfWN4qb+tb2zu6esX/Ql34UMuwxX/jh0KYSBfewp7gSOAxCpDNb4MCeXs37wTOGkvteV8UBjmfU9fgjZ1Rl0cQ4Jza63EsUtSNBwzRhzYRUU5HqFfLCHVRcOFi6rBCiE/Scv52uT4yyWTO/VVo2Vm7KkKs9MZ6I47Nohp5igko5suqBGic0VJwJzD6SgLooVSwwwVmg4lQnkcSAsmmWj+5b1U73djhOWnFHZGTXvqcWFr9FOkez/oMsm369Zp3WGnf1crORQxbhCI7hBCw4gybcQBt6wOAV3uAdPrQL7UFzNf4zLWj5zSEsSAu/ADePeEg=</latexit> ս
extra DM?
non-simple cosmology?

coannihilation?
non-simple cosmology?

<latexit sha1_base64="OKnZRFilGN1p4tuh6ij0QdqznTg=">AAABuHicZY5LS8NAFIVv6qvGV9Slm2K7cFFKUoqiq6IguihU+4ROqZPJNQ6dJiEzUULIb/HXuNW1/8ZUo1B7Vodzzr18diC4VKb5qRVWVtfWN4qb+tb2zu6esX/Ql34UMuwxX/jh0KYSBfewp7gSOAxCpDNb4MCeXs37wTOGkvteV8UBjmfU9fgjZ1Rl0cQ4Jza63EsUtSNBwzRhzYRUU5HqFfLCHVRcOFi6rBCiE/Scv52uT4yyWTO/VVo2Vm7KkKs9MZ6I47Nohp5igko5suqBGic0VJwJzD6SgLooVSwwwVmg4lQnkcSAsmmWj+5b1U73djhOWnFHZGTXvqcWFr9FOkez/oMsm369Zp3WGnf1crORQxbhCI7hBCw4gybcQBt6wOAV3uAdPrQL7UFzNf4zLWj5zSEsSAu/ADePeEg=</latexit> ս
<latexit sha1_base64="OKnZRFilGN1p4tuh6ij0QdqznTg=">AAABuHicZY5LS8NAFIVv6qvGV9Slm2K7cFFKUoqiq6IguihU+4ROqZPJNQ6dJiEzUULIb/HXuNW1/8ZUo1B7Vodzzr18diC4VKb5qRVWVtfWN4qb+tb2zu6esX/Ql34UMuwxX/jh0KYSBfewp7gSOAxCpDNb4MCeXs37wTOGkvteV8UBjmfU9fgjZ1Rl0cQ4Jza63EsUtSNBwzRhzYRUU5HqFfLCHVRcOFi6rBCiE/Scv52uT4yyWTO/VVo2Vm7KkKs9MZ6I47Nohp5igko5suqBGic0VJwJzD6SgLooVSwwwVmg4lQnkcSAsmmWj+5b1U73djhOWnFHZGTXvqcWFr9FOkez/oMsm369Zp3WGnf1crORQxbhCI7hBCw4gybcQBt6wOAV3uAdPrQL7UFzNf4zLWj5zSEsSAu/ADePeEg=</latexit> ս
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BLR scenario works well with coannihilation bino DM.
BLR

<latexit sha1_base64="xXGXnD7Z/skaTaXaLh2i0U0ns/U=">AAACYnicdY7LSsNAFIYn8VbjLbVLXQSbRYUQmlJ0WxTEgoXaOzQlTJJjO3RyIZlYQ+mDutYHMTURTKtndfj+b+b8pk9JyKrVd47f2d3bPygcCkfHJ6dnYvF8EHpRYEHf8qgXjEwcAiUu9BlhFEZ+ANgxKQzN+f06H75CEBLP7bHYh4mDpy55IRZmCTLED7miL4gNjFAbJNAX0pMi/SK6GxlwLSuSkBN1J/pTTfgfMsP/2EmQ6hsdOrKSY+m5LZr+u8bYtXPRnSzhACRKpjOmGmK5qla/R9petGwpo2zahjjTbc+KHHCZRXEYjrWazyZLHDBiUVgJgu7jKYQsprAEx2fxStCjEHxszRM+7rSUbq85mixbcZcmlR48l+WMn2AlJNW0zSLby6Cmajdq/blWbtSzkgV0ga5QBWnoFjXQI2qjPrK4Judxb1zMffICX+RLqcpz2ZsSyg1/+QXVj60p</latexit>Ш ˦ംჍИ ˦ᅉྻЩ, ШսྺჍИ ˦ᆋྻЩ, Ш ˦࿂ჍИ ˦ᆓྻЩ, ˦ംდ, սྺდ, ˦࿂დ, and ս are light.

LSP  (DM)Bino-stau coannihilation

Reminder: Prices for bino DM
= Avoid LHC && (DM reduction mechanism || non-simple cosmology)

<latexit sha1_base64="Fiw209BZvWkWnFFLPEDJjArjDvA=">AAABi3icZY7LTsJAGIX/wRtW0apLN0RYuDCkRaKJcUE0Gl2QoFAgoUimww9OmLaTzlTTEN7Drb6Vb2PVukDO6uRcks+TgittWZ8kt7K6tr6R3zS2tgs7u+befkeFccTQYaEIo55HFQoeoKO5FtiTEVLfE9j1ptffffcFI8XDoK0TiQOfTgI+5ozqNHoqu698hJqLERavykOzZFWsHxWXjZ2ZEmRqDs1ndxSy2MdAM0GV6ttVqQczGmnOBM4Nw5V0gkonAmfoS53MDTdWKCmbpnn/sXHSat/3BrNG0hIpx20Y6IXFXzE3UjT7P8iy6VQr9lml9lAt1WsZZB4O4QiOwYZzqMMdNMEBBhG8wTt8kAI5JRfk8neaI9nnABZEbr4Ak5BmSA==</latexit> ս <latexit sha1_base64="FErrcGGVnn9df1FNDh9jeL8OQyA=">AAABg3icZY7LSsNAGIX/qVZrvEVduhHThaCUJBRdCQVBdFGotk0DTSiT6W+ddpIMmYkQSt/Brb6Zb2OVuKj9VodzgRNJwZW27S9S2disbm3Xdozdvf2DQ/Po2FNpnjHss1SkmR9RhYIn2NdcC/RlhjSOBA6i2d1PPnjDTPE06elCYhjTScJfOKN6aXn1QNO8PjItu2H/crYunFJYUNIZma/BOGV5jIlmgio1dFypwznNNGcCF4YRSDpBpQuBc4ylLhZGkCuUlM2W/vC5fdXtPfrhvF10BR/jfZrolcZfsDCW15z/R9aF5zac60bzybVazfJkDU7hHC7AgRtowQN0oA8MpvAOH/BJquSSuKTsVki5OYEVyO03Nj9jJQ==</latexit>࿂
<latexit sha1_base64="7MER8HfXCOqhJ5F85KiME1oGD2o=">AAABj3icZY7LTsJAGIX/wRvWW9GlG2NZuDCkJUR2hsTEyIIEhQIJJWQ6/OKEaTvpTDEN6Zu41XfybaxaF8hZnZxL8vlScKVt+5OUtrZ3dvfK+8bB4dHxiVk5HagoiRm6LBJRPPKpQsFDdDXXAkcyRhr4Aof+4u67Hy4xVjwK+zqVOAnoPOTPnFGdR1PTrHqvfIaaixl6mibVqWnZNftHF5vGKYwFhbpT88WbRSwJMNRMUKXGTl3qyYrGmjOBmWF4ks5R6VTgCgOp08zwEoWSskWej586171+ezRZddKeyEnuo1CvLf6KzMjRnP8gm2ZQrzk3tcZj3Wo1CsgynMMlXIEDTWjBA3TBBQZLeIN3+CAV0iS3pPU7LZHicwZrIu0vuLVn0Q==</latexit> ˦࿂ <latexit sha1_base64="LatQdapL3ZcF3VwNwDAFXGVWxDU=">AAABhXicZY7LSsNAGIX/qZfWeIu6dCOmCxcaklLq0oIguihUews0oUymv3HoJBkyEyGUvoRbfTHfxqpxUfutDucCJ5SCK+04n6Sysbm1Xa3tGLt7+weH5tHxUKV5xnDAUpFmXkgVCp7gQHMt0JMZ0jgUOApnt9/56BUzxdOkrwuJQUyjhD9zRvXS8up+ROOY1iem5djOD2frwi2FBSXdifniT1OWx5hoJqhSY7chdTCnmeZM4MIwfEkjVLoQOMdY6mJh+LlCSdls6Y+fOpe9/oMXzDtFT/Ap3qWJXmn8BQtjec39f2RdDBu227Kbjw2r3SxP1uAUzuECXLiGNtxDFwbAQMAbvMMHqZIr0iSt32qFlJsTWIHcfAFPmGPy</latexit>ྱ

works if
(degenerate/compressed spectra).

... Elusive@LHC.    (à ILC searches)

<latexit sha1_base64="0Q74drzCnw4ho3VJigs2xdEwgWU=">AAABpnicZY7LTsJAGIX/wRvWW9WlGyILITGkJUS3RBOjCwwKBRJKcDr84oRpO3ammobwCD6NW30Q38aqNRE5q5NzST5PCq60ZX2Q3NLyyupaft3Y2Nza3jF39zoqjCOGDgtFGPU8qlDwAB3NtcCejJD6nsCuNzn/6rtPGCkeBm2dSBz4dBzwe86oTqOheeSX3Gc+Qs3FCAtnZVdxHx8Lf1NX07g8NItWxfpWYdHYmSlCpubQfHBHIYt9DDQTVKm+XZV6MKWR5kzgzDBcSceodCJwir7UycxwY4WSskma928bx632VW8wbSQtkZJchIGeW/wWMyNFs/+DLJpOtWKfVGo3tWK9lkHm4QAOoQQ2nEIdLqEJDjB4gVd4g3dSItfEId2faY5kn32YE7n7BAgecQE=</latexit>ഌШսЩ ۫ ഌШ ˦࿂Щ

<latexit sha1_base64="RTCfjPO4BcA/l3nuDgg7lU0/l00=">AAABw3icbY7LSsNAGIX/eK3xFnXppthNBSlJKboSClZRsFjtFZq2TKa/7dBJJmSmYgjzQj6N2/o0Vo2LWs/q41zgeCFnUtn2zFhZXVvf2Mxsmds7u3v71sFhS4ppRLFJBRdRxyMSOQuwqZji2AkjJL7Hse1Nrr7y9gtGkomgoeIQez4ZBeyZUaLm1sCq5N0HH0ckO+4XTweJq/BVJR4LRPa+XtP68r+4UtW6n7LwpNYDK2cX7G9ll8FJIQepagNr7A4FnfoYKMqJlF2nGKpeQiLFKEdtmm5IRihVzDFBP1SxNt2pxJDQydzvPlXP6o27Ti+pxnXOhngjArXQ+A20Ob/m/D2yDK1iwTkvlB5LuXIpPZmBYziBPDhwAWW4hRo0gcIbvMMMPoxrY2JEhvqprhjp5ggWZOhPn0J9Sg==</latexit>ШͤӈႳЩbino LSP Ҳ ШͤӈႳЩobsDM
on the whole plane (by tuned μ-parameter).

A benchmark point ☆ :
<latexit sha1_base64="QEoDfKbaht27aBMarIXSAP2SVSM=">AAACVnicbY7LSsNAFEAn0doaX1GXboJFcVFKJkRLxUVR8LEoVPuEpoRJei1DJw+SiVJK/EzRnxGTPrC2vavLnHOHY/mMhlxVvwVxYzOzlc1tSzu7e/sH8uFRK/SiwIam7TEv6FgkBEZdaHLKGXT8AIhjMWhbw7uUt98gCKnnNvjIh55DBi59pTbhyZMpfxrvtA+csj4YnESm9nF+rWi6ZjxAyzCkBeoksKD8PShgaqmrlta6eMnFE3fNv25kjqGQnBTSgDjRcFld1dI4nMbhy/IKVW6nZH4nmXJeLaqTUVYXPFvyaDY1U6ZG37MjB1xuMxKGXaz5vDcmAac2g1iSDJ8MIOQjBmNwfD6KpTMjCsEn9jAB3Zdqod546vTG1VGdJVn3nstjacGYgzhtw8slq0tLK+Krov6s5yv6rDKHTtApukAYlVAFPaIaaiJbuBEsYSgw4Uv4ETNidqqKwuzmGP0bUf4FAnWpsg==</latexit>

e⌧2 : 242GeV

eµ2, ee2 : 207GeV

eµ1, ee1 : 202GeV

e⌫e,µ,⌧ : 190GeV

e⌧1 : 159GeV

eB : 150GeV

<latexit sha1_base64="Y7j4P4YQc4d/BJ67jL8SYcYCEhU="></latexit>

µ , 1922GeV

tan � , 8
aalau
µ , 1.7⇥10�9

(⌦h2)#BMQ , 0.12

ATLAS-CONF-2022-006

ATLAS [1403.5294]

ATLAS [1908.08215]

CMS [2012.08600]

ATLAS [1
911.12606]

Endo, Hamaguchi, SI, Kitahara [2104.03217]
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(or, see Beresford, Liu [1811.06465])

http://cds.cern.ch/record/2805051
https://arxiv.org/abs/1403.5294
https://arxiv.org/abs/1908.08215
https://arxiv.org/abs/2012.08600
https://arxiv.org/abs/1911.12606
https://arxiv.org/abs/2104.03217
https://arxiv.org/abs/1811.06465


1. DM ó g−2 : tightly connected in MSSM
Ø -LSP & g−2 = partial DM + LHC constraints
Ø -LSP & g−2 = partial DM + direct det. constraints
Ø -LSP & g−2 = too much DM + LHC constraints

2. MSSM provides 4 scenarios for g−2.
1. WHL: Coannihil.    -DM 🚫LHC searches (chargino-neutralino).
2. BLR: Coannihil.    -DM = compressed ... 👍 still alive.

3. BHL/R:

3.Conclusion

Agenda

SUSY now: DM and muon g−2

<latexit sha1_base64="UWx0nmezyPc8Iel3qBt5MPwzQ18=">AAABuHicZY5LS8NAFIVvfNb4irp0U2wXLkpJSlF0VRBEF4Vqn9ApdTK5xqGTB5mJEkJ+i7/Gra79N6YahdqzOpxz7uWzQ8GlMs1PbWV1bX1js7Slb+/s7u0bB4cDGcQRwz4LRBCNbCpRcB/7iiuBozBC6tkCh/bsat4PnzGSPPB7Kglx4lHX54+cUZVHU+OC2OhyP1XUjgWNspS1UlLLRKZXyQt3UHHhYHlYJUQn6Dt/O12fGhWzbn6rvGyswlSgUGdqPBEnYLGHvmKCSjm2GqGapDRSnAnMP5KQuihVIjBFL1RJppNYYkjZLM/H9+1at3c7mqTtpCtysuvAVwuL3yKbo1n/QZbNoFG3zurNu0al1SwgS3AMJ3AKFpxDC26gA31g8Apv8A4f2qX2oLka/5muaMXNESxIi74AUEB4XQ==</latexit> ս
<latexit sha1_base64="zmhuHmb0LbjUYWdposWWIfSGKHI=">AAABuHicZY5LS8NAFIVv6qvGV9Slm2K7cFFKUoqiq4IgdVGo9gmdUieTax06eZCZKCHkt/hr3Oraf2OqUag9q8M5514+OxBcKtP81Apr6xubW8VtfWd3b//AODwaSD8KGfaZL/xwZFOJgnvYV1wJHAUhUtcWOLTn14t++Iyh5L7XU3GAE5fOPP7IGVVZNDUuiY0z7iWK2pGgYZqwZkKqqUj1CnnhDiouHCy1 KoToBD3nb6frU6Ns1sxvlVaNlZsy5OpMjSfi+Cxy0VNMUCnHVj1Qk4SGijOB2UcS0BlKFQtM0A1UnOokkhhQNs/y8X272u3djiZJO+6KjOzG99TS4rdIF2jWf5BVM6jXrPNa465ebjZyyCKcwCmcgQUX0IQWdKAPDF7hDd7hQ7vSHrSZxn+mBS2/OYYlaeEXPp14Tg==</latexit> ս೫

<latexit sha1_base64="OKnZRFilGN1p4tuh6ij0QdqznTg=">AAABuHicZY5LS8NAFIVv6qvGV9Slm2K7cFFKUoqiq6IguihU+4ROqZPJNQ6dJiEzUULIb/HXuNW1/8ZUo1B7Vodzzr18diC4VKb5qRVWVtfWN4qb+tb2zu6esX/Ql34UMuwxX/jh0KYSBfewp7gSOAxCpDNb4MCeXs37wTOGkvteV8UBjmfU9fgjZ1Rl0cQ4Jza63EsUtSNBwzRhzYRUU5HqFfLCHVRcOFi6rBCiE/Scv52uT4yyWTO/VVo2Vm7KkKs9MZ6I47Nohp5igko5suqBGic0VJwJzD6SgLooVSwwwVmg4lQnkcSAsmmWj+5b1U73djhOWnFHZGTXvqcWFr9FOkez/oMsm369Zp3WGnf1crORQxbhCI7hBCw4gybcQBt6wOAV3uAdPrQL7UFzNf4zLWj5zSEsSAu/ADePeEg=</latexit> ս
extra DM?
non-simple cosmology?

coannihilation?
non-simple cosmology?

<latexit sha1_base64="OKnZRFilGN1p4tuh6ij0QdqznTg=">AAABuHicZY5LS8NAFIVv6qvGV9Slm2K7cFFKUoqiq6IguihU+4ROqZPJNQ6dJiEzUULIb/HXuNW1/8ZUo1B7Vodzzr18diC4VKb5qRVWVtfWN4qb+tb2zu6esX/Ql34UMuwxX/jh0KYSBfewp7gSOAxCpDNb4MCeXs37wTOGkvteV8UBjmfU9fgjZ1Rl0cQ4Jza63EsUtSNBwzRhzYRUU5HqFfLCHVRcOFi6rBCiE/Scv52uT4yyWTO/VVo2Vm7KkKs9MZ6I47Nohp5igko5suqBGic0VJwJzD6SgLooVSwwwVmg4lQnkcSAsmmWj+5b1U73djhOWnFHZGTXvqcWFr9FOkez/oMsm369Zp3WGnf1crORQxbhCI7hBCw4gybcQBt6wOAV3uAdPrQL7UFzNf4zLWj5zSEsSAu/ADePeEg=</latexit> ս
<latexit sha1_base64="OKnZRFilGN1p4tuh6ij0QdqznTg=">AAABuHicZY5LS8NAFIVv6qvGV9Slm2K7cFFKUoqiq6IguihU+4ROqZPJNQ6dJiEzUULIb/HXuNW1/8ZUo1B7Vodzzr18diC4VKb5qRVWVtfWN4qb+tb2zu6esX/Ql34UMuwxX/jh0KYSBfewp7gSOAxCpDNb4MCeXs37wTOGkvteV8UBjmfU9fgjZ1Rl0cQ4Jza63EsUtSNBwzRhzYRUU5HqFfLCHVRcOFi6rBCiE/Scv52uT4yyWTO/VVo2Vm7KkKs9MZ6I47Nohp5igko5suqBGic0VJwJzD6SgLooVSwwwVmg4lQnkcSAsmmWj+5b1U73djhOWnFHZGTXvqcWFr9FOkez/oMsm369Zp3WGnf1crORQxbhCI7hBCw4gybcQBt6wOAV3uAdPrQL7UFzNf4zLWj5zSEsSAu/ADePeEg=</latexit> ս
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à ee colliders.
<latexit sha1_base64="nqDL+TkUFbw+rW68jXJnb2+7CeI=">AAABp3icZY7NSsNAFIXv1L8afxp16abYhQpSklJ0WxDEIrXV/gWaUibTaxk6yQyZqRJKH8GncasP4tsYNS5qz+rcc86FL1CCa+M4nyS3tr6xuZXftnZ29/YL9sFhT8tZzLDLpJCxF1CNgkfYNdwI9FSMNAwE9oPp9Xfff8ZYcxl1TKJwGNJJxJ84oyaNRvap36rf3xURfSP9Fz5Gw8UYfRRi+RrZJafs/Ki4atzMlCBTa2RzfyzZLMTIMEG1HrgVZYZzGhvOBC4sy1d0gtokAucYKpMsLH+mUVE2TfPBY6N50e7UveG8kbRFSnIjI7M0+SsWVsrm/idZNb1K2b0sVx+qpVo1o8zDMZzAGbhwBTW4hRZ0gcErvME7fJBz0iQ94v1OcyT7OYIlEfoFc+pyIA==</latexit>ംം צ ˦Ӎ ˦Ӎ



BHL BHR

µL µR

�eµL

eBĜ eH0

µL µR

�eµR

eH0Ĝ eB

BHL & BHR: Waiting for HL-LHC and more direct detections.
<latexit sha1_base64="Q98i4K0GPIvfhyxOcb1CPnepr+E=">AAAB2XicZY7LSsNAGIUnXmu8RV26GWwWFUpoStFtUZAKFmrv2JQymfy2QycXMlNLKF24E7e+kK/hC7jVRzDVCL2c1fm/c344dsCZkLnch7K2vrG5tZ3aUXf39g8OtaPjpvBHIYUG9bkftm0igDMPGpJJDu0gBOLaHFr28HqWt54gFMz36jIKoOuSvsceGSUyRj3tQbfGzAHJuAP4Ss/i+bsU38RzcGYecmuM73Tsh3iZVvVzTMLYs/5AGmpPS+eM3K/wqjETk0aJKj1tYDk+HbngScqJEB0zH8juhISSUQ5TVbUC0gchIw4TcAMZTVVrJCAgdBjzTrWcrdVv291JOarxeNiN78mFxn8wnU0zl4esmmbeMC+Mwn0+XSwkI1PoFJ2hDDLRJSqiEqqgBqLoHX2iL/StdJRn5UV5/auuKcnPCVqQ8vYDr+aBtw==</latexit> ս, ս೫, and ( ˦ഋჍ or ˦ഋდ) are light.

v -DM
v mixed DM
v -DM à Needs reduction ... Bino-stau coannihilation [                   ]? 

<latexit sha1_base64="zmhuHmb0LbjUYWdposWWIfSGKHI=">AAABuHicZY5LS8NAFIVv6qvGV9Slm2K7cFFKUoqiq4IgdVGo9gmdUieTax06eZCZKCHkt/hr3Oraf2OqUag9q8M5514+OxBcKtP81Apr6xubW8VtfWd3b//AODwaSD8KGfaZL/xwZFOJgnvYV1wJHAUhUtcWOLTn14t++Iyh5L7XU3GAE5fOPP7IGVVZNDUuiY0z7iWK2pGgYZqwZkKqqUj1CnnhDiouHCy1 KoToBD3nb6frU6Ns1sxvlVaNlZsy5OpMjSfi+Cxy0VNMUCnHVj1Qk4SGijOB2UcS0BlKFQtM0A1UnOokkhhQNs/y8X272u3djiZJO+6KjOzG99TS4rdIF2jWf5BVM6jXrPNa465ebjZyyCKcwCmcgQUX0IQWdKAPDF7hDd7hQ7vSHrSZxn+mBS2/OYYlaeEXPp14Tg==</latexit> ս೫
<latexit sha1_base64="OKnZRFilGN1p4tuh6ij0QdqznTg=">AAABuHicZY5LS8NAFIVv6qvGV9Slm2K7cFFKUoqiq6IguihU+4ROqZPJNQ6dJiEzUULIb/HXuNW1/8ZUo1B7Vodzzr18diC4VKb5qRVWVtfWN4qb+tb2zu6esX/Ql34UMuwxX/jh0KYSBfewp7gSOAxCpDNb4MCeXs37wTOGkvteV8UBjmfU9fgjZ1Rl0cQ4Jza63EsUtSNBwzRhzYRUU5HqFfLCHVRcOFi6 rBCiE/Scv52uT4yyWTO/VVo2Vm7KkKs9MZ6I47Nohp5igko5suqBGic0VJwJzD6SgLooVSwwwVmg4lQnkcSAsmmWj+5b1U73djhOWnFHZGTXvqcWFr9FOkez/oMsm369Zp3WGnf1crORQxbhCI7hBCw4gybcQBt6wOAV3uAdPrQL7UFzNf4zLWj5zSEsSAu/ADePeEg=</latexit> ս

à partial DM or
direct detection

<latexit sha1_base64="0Q74drzCnw4ho3VJigs2xdEwgWU=">AAABpnicZY7LTsJAGIX/wRvWW9WlGyILITGkJUS3RBOjCwwKBRJKcDr84oRpO3ammobwCD6NW30Q38aqNRE5q5NzST5PCq60ZX2Q3NLyyupaft3Y2Nza3jF39zoqjCOGDgtFGPU8qlDwAB3NtcCejJD6nsCuNzn/6rtPGCkeBm2dSBz4dBzwe86oTqOheeSX3Gc+Qs3FCAtnZVdxHx8Lf1NX07g8NItWxfpWYdHYmSlCpubQfHBHIYt9DDQTVKm+XZV6MKWR5kzgzDBcSceodCJwir7UycxwY4WSskma928bx632VW8wbSQtkZJchIGeW/wWMyNFs/+DLJpOtWKfVGo3tWK9lkHm4QAOoQQ2nEIdLqEJDjB4gVd4g3dSItfEId2faY5kn32YE7n7BAgecQE=</latexit>ഌШսЩ ۫ ഌШ ˦࿂Щ

Endo, Hamaguchi, Iwamoto, Yanagi [1704.05287]

with old values (2017); needs update

<latexit sha1_base64="LFCXZSCFa/a08JUOkWHkv/D5THs=">AAABr3icZY7NTsJAFIVv8Q/rX9Wlm0YS44KQlhDduCCaGFyQIP8JRZwOV5wwbSedQdIQ+hg+jVt9B9/GqjUBOatzzzk3+VzBmVSW9all1tY3Nrey2/rO7t7+gXF41JbBJKTYogEPwq5LJHLmY0sxxbErQiSey7Hjjm+++84LhpIFflNFAvseGfnsiVGikmhgWGfOlA1RMT5E8zq/cHBnatbNOL6K44W0MjByVsH6kblq7NTkIFVtYDw7w4BOPPQV5UTKnl0Uqj8joWKU41zXHUFGKFXEcYaeUNFcdyYSBaHjJO/Vq/lG867bn1WjBk8wbgNfLS3+irmeoNn/QVZNu1iwLwql+1KuXEohs3ACp3AONlxCGSpQgxZQeIU3eIcPzdY62oP2+DvNaOnPMSxJY19tzXSU</latexit> սИ ˦ഋდ ҳ ս೫
100–200 GeV            200–800 GeV

Whole region will be
explored by

Ø DM direct detection,
Ø HL-LHC

Ø ILC slepton searches.

<latexit sha1_base64="2aPM3pcirUDWRz1oWKCq+7+1GR8=">AAABxXicZY5LT8JAFIWn+ML6qrp008gGAyEtIbolMUFckKA8EwbJdLjihGk76UwhTdP4h/w17oz+GIvWBXJW555zbvI5gjOpLOtDy21t7+zu5ff1g8Oj4xPj9Kwv/TCg0KM+94OhQyRw5kFPMcVhKAIgrsNh4MxvV/1gAYFkvtdVkYCxS2Yee2aUqDSaGA3ssBkvCoGVb+Ilm4JifApm86m0dllpX8WKhCVMiUeBxyLBS7O7eg+uyhOjYFWsH5mbxs5MAWVqT4wXPPVp6IKnKCdSjuyqUOOYBIpRDomuY0FmIFXEIQZXqCjRcShBEDpP89Fjq9zp3g/HcSvq8BSz4XtqbfFXJHqKZv8H2TT9asW+rtQeaoV6LYPMowt0iYrIRjeojpqojXqIojf0jj7Rl3anuZrSFr/TnJb9nKM1aa/fQ/V9aA==</latexit>ԕഏഏ צ ս೫Ⴛ ս೫Ⴑ צ ѳ࿂ Ҭ ◆◆ഏვԡИ
<latexit sha1_base64="O1ca0x2/zwkbo6wLKO2D1EhX4pE=">AAABrnicZY7LSsNAFIZP6q3GW9Slm2A3LUhIStFtURBdFGvv0IQwmR7r0EkyZqaWUPoWPo1bfQnfxlTjovZf/Xz/OfAFgjOpbPtLK2xsbm3vFHf1vf2DwyPj+KQn42lCsUtjHieDgEjkLMKuYorjQCRIwoBjP5jcLPf+KyaSxVFHpQK9kIwj9sQoURnyDcuVLDTDsjtjI1SMj9C8riwZvqxS7s7MVsU3SrZl/8RcL05eSpCn6RvMHcV0GmKkKCdSDp2qUN6cJIpRjgtddwUZo1QpxzmGQqUL3Z1KFIROMj5sNR4u2p37gTdvpG2eydzGkVo5+RsWeubm/DdZL72q5VxatcdaqV7LLYtwBudQBgeuoA530IQuUHiDd/iAT83Wepqn+b+nBS3/OYWVaM/fHa5zjA==</latexit>۠ ഌШսЩ ۫ ഌШ ˦ഋდЩ

<latexit sha1_base64="+oIcpbFyCJwt+hJuhm1TqRiu0zo=">AAABkXicZY7LSsNAGIX/qbcab6lduil2U6GUpBTFXVGQihSrvUJTy2T6W4ZOkiEzVULIo7jVZ/JtjBoXtd/qcC5wXCm40pb1SXIbm1vbO/ldY2//4PDILBwPVLAMGfZZIIJw5FKFgvvY11wLHMkQqecKHLqL6+98+IKh4oHf05HEiUfnPn/mjOrUmpoFR3Gv5FVaT7EjvaqVnE3NslWzfiitCzsTZcjoTE3uzAK29NDXTFClxnZd6klMQ82ZwMQwHEnnqHQkMEZP6igxnKVCSdki9ceP7ftqt3c7msTtqCv4DG8CX69U/oLESL/Z/5+si0G9Zp/XGg+NcrORvczDCZxCBWy4gCa0oAN9YPAKb/AOH6RILkmTXP1WcyTbFGEFcvcFB+9n4w==</latexit>۠ ഌШ೫៓ᆠႱЩ

Ø BHR plane with coannihilation DM
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https://arxiv.org/abs/1704.05287


1. DM ó g−2 : tightly connected in MSSM
Ø -LSP & g−2 = partial DM + LHC constraints
Ø -LSP & g−2 = partial DM + direct det. constraints
Ø -LSP & g−2 = too much DM + LHC constraints

2. MSSM provides 4 scenarios for g−2.
1. WHL: Coannihil.    -DM 🚫LHC searches (chargino-neutralino).
2. BLR: Coannihil.    -DM = compressed ... 👍 still alive.
3. BHL/R: mixed DM ... 🚫direct det.

Coannihil.    -DM ... 👍 still alive.

3.Conclusion

Agenda

SUSY now: DM and muon g−2

<latexit sha1_base64="UWx0nmezyPc8Iel3qBt5MPwzQ18=">AAABuHicZY5LS8NAFIVvfNb4irp0U2wXLkpJSlF0VRBEF4Vqn9ApdTK5xqGTB5mJEkJ+i7/Gra79N6YahdqzOpxz7uWzQ8GlMs1PbWV1bX1js7Slb+/s7u0bB4cDGcQRwz4LRBCNbCpRcB/7iiuBozBC6tkCh/bsat4PnzGSPPB7Kglx4lHX54+cUZVHU+OC2OhyP1XUjgWNspS1UlLLRKZXyQt3UHHhYHlYJUQn6Dt/O12fGhWzbn6rvGyswlSgUGdqPBEnYLGHvmKCSjm2GqGapDRSnAnMP5KQuihVIjBFL1RJppNYYkjZLM/H9+1at3c7mqTtpCtysuvAVwuL3yKbo1n/QZbNoFG3zurNu0al1SwgS3AMJ3AKFpxDC26gA31g8Apv8A4f2qX2oLka/5muaMXNESxIi74AUEB4XQ==</latexit> ս
<latexit sha1_base64="zmhuHmb0LbjUYWdposWWIfSGKHI=">AAABuHicZY5LS8NAFIVv6qvGV9Slm2K7cFFKUoqiq4IgdVGo9gmdUieTax06eZCZKCHkt/hr3Oraf2OqUag9q8M5514+OxBcKtP81Apr6xubW8VtfWd3b//AODwaSD8KGfaZL/xwZFOJgnvYV1wJHAUhUtcWOLTn14t++Iyh5L7XU3GAE5fOPP7IGVVZNDUuiY0z7iWK2pGgYZqwZkKqqUj1CnnhDiouHCy1 KoToBD3nb6frU6Ns1sxvlVaNlZsy5OpMjSfi+Cxy0VNMUCnHVj1Qk4SGijOB2UcS0BlKFQtM0A1UnOokkhhQNs/y8X272u3djiZJO+6KjOzG99TS4rdIF2jWf5BVM6jXrPNa465ebjZyyCKcwCmcgQUX0IQWdKAPDF7hDd7hQ7vSHrSZxn+mBS2/OYYlaeEXPp14Tg==</latexit> ս೫

<latexit sha1_base64="OKnZRFilGN1p4tuh6ij0QdqznTg=">AAABuHicZY5LS8NAFIVv6qvGV9Slm2K7cFFKUoqiq6IguihU+4ROqZPJNQ6dJiEzUULIb/HXuNW1/8ZUo1B7Vodzzr18diC4VKb5qRVWVtfWN4qb+tb2zu6esX/Ql34UMuwxX/jh0KYSBfewp7gSOAxCpDNb4MCeXs37wTOGkvteV8UBjmfU9fgjZ1Rl0cQ4Jza63EsUtSNBwzRhzYRUU5HqFfLCHVRcOFi6rBCiE/Scv52uT4yyWTO/VVo2Vm7KkKs9MZ6I47Nohp5igko5suqBGic0VJwJzD6SgLooVSwwwVmg4lQnkcSAsmmWj+5b1U73djhOWnFHZGTXvqcWFr9FOkez/oMsm369Zp3WGnf1crORQxbhCI7hBCw4gybcQBt6wOAV3uAdPrQL7UFzNf4zLWj5zSEsSAu/ADePeEg=</latexit> ս
extra DM?
non-simple cosmology?

coannihilation?
non-simple cosmology?

<latexit sha1_base64="OKnZRFilGN1p4tuh6ij0QdqznTg=">AAABuHicZY5LS8NAFIVv6qvGV9Slm2K7cFFKUoqiq6IguihU+4ROqZPJNQ6dJiEzUULIb/HXuNW1/8ZUo1B7Vodzzr18diC4VKb5qRVWVtfWN4qb+tb2zu6esX/Ql34UMuwxX/jh0KYSBfewp7gSOAxCpDNb4MCeXs37wTOGkvteV8UBjmfU9fgjZ1Rl0cQ4Jza63EsUtSNBwzRhzYRUU5HqFfLCHVRcOFi6rBCiE/Scv52uT4yyWTO/VVo2Vm7KkKs9MZ6I47Nohp5igko5suqBGic0VJwJzD6SgLooVSwwwVmg4lQnkcSAsmmWj+5b1U73djhOWnFHZGTXvqcWFr9FOkez/oMsm369Zp3WGnf1crORQxbhCI7hBCw4gybcQBt6wOAV3uAdPrQL7UFzNf4zLWj5zSEsSAu/ADePeEg=</latexit> ս
<latexit sha1_base64="OKnZRFilGN1p4tuh6ij0QdqznTg=">AAABuHicZY5LS8NAFIVv6qvGV9Slm2K7cFFKUoqiq6IguihU+4ROqZPJNQ6dJiEzUULIb/HXuNW1/8ZUo1B7Vodzzr18diC4VKb5qRVWVtfWN4qb+tb2zu6esX/Ql34UMuwxX/jh0KYSBfewp7gSOAxCpDNb4MCeXs37wTOGkvteV8UBjmfU9fgjZ1Rl0cQ4Jza63EsUtSNBwzRhzYRUU5HqFfLCHVRcOFi6rBCiE/Scv52uT4yyWTO/VVo2Vm7KkKs9MZ6I47Nohp5igko5suqBGic0VJwJzD6SgLooVSwwwVmg4lQnkcSAsmmWj+5b1U73djhOWnFHZGTXvqcWFr9FOkez/oMsm369Zp3WGnf1crORQxbhCI7hBCw4gybcQBt6wOAV3uAdPrQL7UFzNf4zLWj5zSEsSAu/ADePeEg=</latexit> ս

à direct det., HL-LHC, ee colliders.

à ee colliders.
<latexit sha1_base64="XT2uFJfD6gP0Hgehb8xbtuDoqyM=">AAABlXicZY7LTsJAGIX/wRvWW9UYF26IsHChpCVEVyZEDcEFAeWaUEKm0x8yYdpOOoNJ0/AwbvWJfBtRywI5qy/nkhxXCq60ZX2RzMbm1vZOdtfY2z84PDKPT7oqnEUMOywUYdR3qULBA+xorgX2ZYTUdwX23OnjT957w0jxMGjrWOLQp5OAjzmjemGNzLOCo7nwMPdQuFlirTAy81bR+lVuHewU8pCqOTK544Vs5mOgmaBKDeyS1MOERpozgXPDcCSdoNKxwAR9qeO54cwUSsqmC3/wWm9ct9rP/WFSj1uCe1gNA71SWQZzY/HN/v9kHbqlon1bLL+U8pVy+jILF3AJV2DDHVSgBk3oAIME3uEDPsk5uSdPpPpXzZB0cworIo1va+Jotg==</latexit> ˦-೫˦

<latexit sha1_base64="OKnZRFilGN1p4tuh6ij0QdqznTg=">AAABuHicZY5LS8NAFIVv6qvGV9Slm2K7cFFKUoqiq6IguihU+4ROqZPJNQ6dJiEzUULIb/HXuNW1/8ZUo1B7Vodzzr18diC4VKb5qRVWVtfWN4qb+tb2zu6esX/Ql34UMuwxX/jh0KYSBfewp7gSOAxCpDNb4MCeXs37wTOGkvteV8UBjmfU9fgjZ1Rl0cQ4Jza63EsUtSNBwzRhzYRUU5HqFfLCHVRcOFi6rBCiE/Scv52uT4yyWTO/VVo2Vm7KkKs9MZ6I47Nohp5igko5suqBGic0VJwJzD6SgLooVSwwwVmg4lQnkcSAsmmWj+5b1U73djhOWnFHZGTXvqcWFr9FOkez/oMsm369Zp3WGnf1crORQxbhCI7hBCw4gybcQBt6wOAV3uAdPrQL7UFzNf4zLWj5zSEsSAu/ADePeEg=</latexit> ս
<latexit sha1_base64="kozIc3utn6ygVjIDasqH1xp/laE=">AAABmnicZY7LSsNAGIX/8VrjLepOXRS7EZSSlKLboiCWUq02vUBTymT6W4ZOkiEzUUII+DRu9XV8G6vGRe23OpwLHE8KrrRlfZKl5ZXVtfXChrG5tb2za+7td1UYRww7LBRh1PeoQsED7GiuBfZlhNT3BPa86fV33nvGSPEwcHQicejTScCfOKN6Zo3MQ7dVv2sUK66m8ZnLaMBQpDJzX4rOyCxZZeuH4qKwc1GCnNbI5O44ZLGPgWaCKjWwK1IPUxppzgRmhuFKOkGlE4Ep+lInmeHGCiVl05k/eGzen7eden+YNpO24GO8CQM9V/kLMmP2zf7/ZFF0K2X7olx9qJZq1fxlAY7gBE7BhkuowS20oAMMXuEN3uGDHJMrUieN3+oSyTcHMAdxvgBXvmup</latexit>ѳ࿂ Ҭ ◆◆ഏვ

<latexit sha1_base64="nqDL+TkUFbw+rW68jXJnb2+7CeI=">AAABp3icZY7NSsNAFIXv1L8afxp16abYhQpSklJ0WxDEIrXV/gWaUibTaxk6yQyZqRJKH8GncasP4tsYNS5qz+rcc86FL1CCa+M4nyS3tr6xuZXftnZ29/YL9sFhT8tZzLDLpJCxF1CNgkfYNdwI9FSMNAwE9oPp9Xfff8ZYcxl1TKJwGNJJxJ84oyaNRvap36rf3xURfSP9Fz5Gw8UYfRRi+RrZJafs/Ki4atzMlCBTa2RzfyzZLMTIMEG1HrgVZYZzGhvOBC4sy1d0gtokAucYKpMsLH+mUVE2TfPBY6N50e7UveG8kbRFSnIjI7M0+SsWVsrm/idZNb1K2b0sVx+qpVo1o8zDMZzAGbhwBTW4hRZ0gcErvME7fJBz0iQ94v1OcyT7OYIlEfoFc+pyIA==</latexit>ംം צ ˦Ӎ ˦Ӎ
<latexit sha1_base64="nqDL+TkUFbw+rW68jXJnb2+7CeI=">AAABp3icZY7NSsNAFIXv1L8afxp16abYhQpSklJ0WxDEIrXV/gWaUibTaxk6yQyZqRJKH8GncasP4tsYNS5qz+rcc86FL1CCa+M4nyS3tr6xuZXftnZ29/YL9sFhT8tZzLDLpJCxF1CNgkfYNdwI9FSMNAwE9oPp9Xfff8ZYcxl1TKJwGNJJxJ84oyaNRvap36rf3xURfSP9Fz5Gw8UYfRRi+RrZJafs/Ki4atzMlCBTa2RzfyzZLMTIMEG1HrgVZYZzGhvOBC4sy1d0gtokAucYKpMsLH+mUVE2TfPBY6N50e7UveG8kbRFSnIjI7M0+SsWVsrm/idZNb1K2b0sVx+qpVo1o8zDMZzAGbhwBTW4hRZ0gcErvME7fJBz0iQ94v1OcyT7OYIlEfoFc+pyIA==</latexit>ംം צ ˦Ӎ ˦Ӎ
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Conclusion

<latexit sha1_base64="UWx0nmezyPc8Iel3qBt5MPwzQ18=">AAABuHicZY5LS8NAFIVvfNb4irp0U2wXLkpJSlF0VRBEF4Vqn9ApdTK5xqGTB5mJEkJ+i7/Gra79N6YahdqzOpxz7uWzQ8GlMs1PbWV1bX1js7Slb+/s7u0bB4cDGcQRwz4LRBCNbCpRcB/7iiuBozBC6tkCh/bsat4PnzGSPPB7Kglx4lHX54+cUZVHU+OC2OhyP1XUjgWNspS1UlLLRKZXyQt3UHHhYHlYJUQn6Dt/O12fGhWzbn6rvGyswlSgUGdqPBEnYLGHvmKCSjm2GqGapDRSnAnMP5KQuihVIjBFL1RJppNYYkjZLM/H9+1at3c7mqTtpCtysuvAVwuL3yKbo1n/QZbNoFG3zurNu0al1SwgS3AMJ3AKFpxDC26gA31g8Apv8A4f2qX2oLka/5muaMXNESxIi74AUEB4XQ==</latexit> ս
<latexit sha1_base64="zmhuHmb0LbjUYWdposWWIfSGKHI=">AAABuHicZY5LS8NAFIVv6qvGV9Slm2K7cFFKUoqiq4IgdVGo9gmdUieTax06eZCZKCHkt/hr3Oraf2OqUag9q8M5514+OxBcKtP81Apr6xubW8VtfWd3b//AODwaSD8KGfaZL/xwZFOJgnvYV1wJHAUhUtcWOLTn14t++Iyh5L7XU3GAE5fOPP7IGVVZNDUuiY0z7iWK2pGgYZqwZkKqqUj1CnnhDiouHCy1 KoToBD3nb6frU6Ns1sxvlVaNlZsy5OpMjSfi+Cxy0VNMUCnHVj1Qk4SGijOB2UcS0BlKFQtM0A1UnOokkhhQNs/y8X272u3djiZJO+6KjOzG99TS4rdIF2jWf5BVM6jXrPNa465ebjZyyCKcwCmcgQUX0IQWdKAPDF7hDd7hQ7vSHrSZxn+mBS2/OYYlaeEXPp14Tg==</latexit> ս೫

<latexit sha1_base64="OKnZRFilGN1p4tuh6ij0QdqznTg=">AAABuHicZY5LS8NAFIVv6qvGV9Slm2K7cFFKUoqiq6IguihU+4ROqZPJNQ6dJiEzUULIb/HXuNW1/8ZUo1B7Vodzzr18diC4VKb5qRVWVtfWN4qb+tb2zu6esX/Ql34UMuwxX/jh0KYSBfewp7gSOAxCpDNb4MCeXs37wTOGkvteV8UBjmfU9fgjZ1Rl0cQ4Jza63EsUtSNBwzRhzYRUU5HqFfLCHVRcOFi6rBCiE/Scv52uT4yyWTO/VVo2Vm7KkKs9MZ6I47Nohp5igko5suqBGic0VJwJzD6SgLooVSwwwVmg4lQnkcSAsmmWj+5b1U73djhOWnFHZGTXvqcWFr9FOkez/oMsm369Zp3WGnf1crORQxbhCI7hBCw4gybcQBt6wOAV3uAdPrQL7UFzNf4zLWj5zSEsSAu/ADePeEg=</latexit> ս
extra DM?
non-simple cosmology?

coannihilation?
non-simple cosmology?

<latexit sha1_base64="OKnZRFilGN1p4tuh6ij0QdqznTg=">AAABuHicZY5LS8NAFIVv6qvGV9Slm2K7cFFKUoqiq6IguihU+4ROqZPJNQ6dJiEzUULIb/HXuNW1/8ZUo1B7Vodzzr18diC4VKb5qRVWVtfWN4qb+tb2zu6esX/Ql34UMuwxX/jh0KYSBfewp7gSOAxCpDNb4MCeXs37wTOGkvteV8UBjmfU9fgjZ1Rl0cQ4Jza63EsUtSNBwzRhzYRUU5HqFfLCHVRcOFi6rBCiE/Scv52uT4yyWTO/VVo2Vm7KkKs9MZ6I47Nohp5igko5suqBGic0VJwJzD6SgLooVSwwwVmg4lQnkcSAsmmWj+5b1U73djhOWnFHZGTXvqcWFr9FOkez/oMsm369Zp3WGnf1crORQxbhCI7hBCw4gybcQBt6wOAV3uAdPrQL7UFzNf4zLWj5zSEsSAu/ADePeEg=</latexit> ս
<latexit sha1_base64="XT2uFJfD6gP0Hgehb8xbtuDoqyM=">AAABlXicZY7LTsJAGIX/wRvWW9UYF26IsHChpCVEVyZEDcEFAeWaUEKm0x8yYdpOOoNJ0/AwbvWJfBtRywI5qy/nkhxXCq60ZX2RzMbm1vZOdtfY2z84PDKPT7oqnEUMOywUYdR3qULBA+xorgX2ZYTUdwX23OnjT957w0jxMGjrWOLQp5OAjzmjemGNzLOCo7nwMPdQuFlirTAy81bR+lVuHewU8pCqOTK544Vs5mOgmaBKDeyS1MOERpozgXPDcCSdoNKxwAR9qeO54cwUSsqmC3/wWm9ct9rP/WFSj1uCe1gNA71SWQZzY/HN/v9kHbqlon1bLL+U8pVy+jILF3AJV2DDHVSgBk3oAIME3uEDPsk5uSdPpPpXzZB0cworIo1va+Jotg==</latexit> ˦-೫˦

<latexit sha1_base64="OKnZRFilGN1p4tuh6ij0QdqznTg=">AAABuHicZY5LS8NAFIVv6qvGV9Slm2K7cFFKUoqiq6IguihU+4ROqZPJNQ6dJiEzUULIb/HXuNW1/8ZUo1B7Vodzzr18diC4VKb5qRVWVtfWN4qb+tb2zu6esX/Ql34UMuwxX/jh0KYSBfewp7gSOAxCpDNb4MCeXs37wTOGkvteV8UBjmfU9fgjZ1Rl0cQ4Jza63EsUtSNBwzRhzYRUU5HqFfLCHVRcOFi6rBCiE/Scv52uT4yyWTO/VVo2Vm7KkKs9MZ6I47Nohp5igko5suqBGic0VJwJzD6SgLooVSwwwVmg4lQnkcSAsmmWj+5b1U73djhOWnFHZGTXvqcWFr9FOkez/oMsm369Zp3WGnf1crORQxbhCI7hBCw4gybcQBt6wOAV3uAdPrQL7UFzNf4zLWj5zSEsSAu/ADePeEg=</latexit> ս
<latexit sha1_base64="OKnZRFilGN1p4tuh6ij0QdqznTg=">AAABuHicZY5LS8NAFIVv6qvGV9Slm2K7cFFKUoqiq6IguihU+4ROqZPJNQ6dJiEzUULIb/HXuNW1/8ZUo1B7Vodzzr18diC4VKb5qRVWVtfWN4qb+tb2zu6esX/Ql34UMuwxX/jh0KYSBfewp7gSOAxCpDNb4MCeXs37wTOGkvteV8UBjmfU9fgjZ1Rl0cQ4Jza63EsUtSNBwzRhzYRUU5HqFfLCHVRcOFi6rBCiE/Scv52uT4yyWTO/VVo2Vm7KkKs9MZ6I47Nohp5igko5suqBGic0VJwJzD6SgLooVSwwwVmg4lQnkcSAsmmWj+5b1U73djhOWnFHZGTXvqcWFr9FOkez/oMsm369Zp3WGnf1crORQxbhCI7hBCw4gybcQBt6wOAV3uAdPrQL7UFzNf4zLWj5zSEsSAu/ADePeEg=</latexit> ս à direct det., HL-LHC, ee colliders.

à ee colliders.

1. DM ó g−2 : tightly connected in MSSM
Ø -LSP & g−2 = partial DM + LHC constraints
Ø -LSP & g−2 = partial DM + direct det. constraints
Ø -LSP & g−2 = too much DM + LHC constraints

2. MSSM provides 4 scenarios for g−2.
1. WHL: Coannihil.    -DM 🚫LHC searches (chargino-neutralino).
2. BLR: Coannihil.    -DM = compressed ... 👍 still alive.
3. BHL/R: mixed DM ... 🚫direct det.

Coannihil.    -DM ... 👍 still alive.

Bad news to me: Non-discovery of non-colored SUSY particles @ LHC Run 2.
■

■

(N.B. There should always be loopholes / extensions.)

<latexit sha1_base64="nqDL+TkUFbw+rW68jXJnb2+7CeI=">AAABp3icZY7NSsNAFIXv1L8afxp16abYhQpSklJ0WxDEIrXV/gWaUibTaxk6yQyZqRJKH8GncasP4tsYNS5qz+rcc86FL1CCa+M4nyS3tr6xuZXftnZ29/YL9sFhT8tZzLDLpJCxF1CNgkfYNdwI9FSMNAwE9oPp9Xfff8ZYcxl1TKJwGNJJxJ84oyaNRvap36rf3xURfSP9Fz5Gw8UYfRRi+RrZJafs/Ki4atzMlCBTa2RzfyzZLMTIMEG1HrgVZYZzGhvOBC4sy1d0gtokAucYKpMsLH+mUVE2TfPBY6N50e7UveG8kbRFSnIjI7M0+SsWVsrm/idZNb1K2b0sVx+qpVo1o8zDMZzAGbhwBTW4hRZ0gcErvME7fJBz0iQ94v1OcyT7OYIlEfoFc+pyIA==</latexit>ംം צ ˦Ӎ ˦Ӎ
<latexit sha1_base64="nqDL+TkUFbw+rW68jXJnb2+7CeI=">AAABp3icZY7NSsNAFIXv1L8afxp16abYhQpSklJ0WxDEIrXV/gWaUibTaxk6yQyZqRJKH8GncasP4tsYNS5qz+rcc86FL1CCa+M4nyS3tr6xuZXftnZ29/YL9sFhT8tZzLDLpJCxF1CNgkfYNdwI9FSMNAwE9oPp9Xfff8ZYcxl1TKJwGNJJxJ84oyaNRvap36rf3xURfSP9Fz5Gw8UYfRRi+RrZJafs/Ki4atzMlCBTa2RzfyzZLMTIMEG1HrgVZYZzGhvOBC4sy1d0gtokAucYKpMsLH+mUVE2TfPBY6N50e7UveG8kbRFSnIjI7M0+SsWVsrm/idZNb1K2b0sVx+qpVo1o8zDMZzAGbhwBTW4hRZ0gcErvME7fJBz0iQ94v1OcyT7OYIlEfoFc+pyIA==</latexit>ംം צ ˦Ӎ ˦Ӎ<latexit sha1_base64="kozIc3utn6ygVjIDasqH1xp/laE=">AAABmnicZY7LSsNAGIX/8VrjLepOXRS7EZSSlKLboiCWUq02vUBTymT6W4ZOkiEzUUII+DRu9XV8G6vGRe23OpwLHE8KrrRlfZKl5ZXVtfXChrG5tb2za+7td1UYRww7LBRh1PeoQsED7GiuBfZlhNT3BPa86fV33nvGSPEwcHQicejTScCfOKN6Zo3MQ7dVv2sUK66m8ZnLaMBQpDJzX4rOyCxZZeuH4qKwc1GCnNbI5O44ZLGPgWaCKjWwK1IPUxppzgRmhuFKOkGlE4Ep+lInmeHGCiVl05k/eGzen7eden+YNpO24GO8CQM9V/kLMmP2zf7/ZFF0K2X7olx9qJZq1fxlAY7gBE7BhkuowS20oAMMXuEN3uGDHJMrUieN3+oSyTcHMAdxvgBXvmup</latexit>ѳ࿂ Ҭ ◆◆ഏვ
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<latexit sha1_base64="kozIc3utn6ygVjIDasqH1xp/laE=">AAABmnicZY7LSsNAGIX/8VrjLepOXRS7EZSSlKLboiCWUq02vUBTymT6W4ZOkiEzUUII+DRu9XV8G6vGRe23OpwLHE8KrrRlfZKl5ZXVtfXChrG5tb2za+7td1UYRww7LBRh1PeoQsED7GiuBfZlhNT3BPa86fV33nvGSPEwcHQicejTScCfOKN6Zo3MQ7dVv2sUK66m8ZnLaMBQpDJzX4rOyCxZZeuH4qKwc1GCnNbI5O44ZLGPgWaCKjWwK1IPUxppzgRmhuFKOkGlE4Ep+lInmeHGCiVl05k/eGzen7eden+YNpO24GO8CQM9V/kLMmP2zf7/ZFF0K2X7olx9qJZq1fxlAY7gBE7BhkuowS20oAMMXuEN3uGDHJMrUieN3+oSyTcHMAdxvgBXvmup</latexit>ѳ࿂ Ҭ ◆◆ഏვ

Conclusion

Bad news to me: Non-discovery of non-colored SUSY particles @ LHC Run 2.

<latexit sha1_base64="nqDL+TkUFbw+rW68jXJnb2+7CeI=">AAABp3icZY7NSsNAFIXv1L8afxp16abYhQpSklJ0WxDEIrXV/gWaUibTaxk6yQyZqRJKH8GncasP4tsYNS5qz+rcc86FL1CCa+M4nyS3tr6xuZXftnZ29/YL9sFhT8tZzLDLpJCxF1CNgkfYNdwI9FSMNAwE9oPp9Xfff8ZYcxl1TKJwGNJJxJ84oyaNRvap36rf3xURfSP9Fz5Gw8UYfRRi+RrZJafs/Ki4atzMlCBTa2RzfyzZLMTIMEG1HrgVZYZzGhvOBC4sy1d0gtokAucYKpMsLH+mUVE2TfPBY6N50e7UveG8kbRFSnIjI7M0+SsWVsrm/idZNb1K2b0sVx+qpVo1o8zDMZzAGbhwBTW4hRZ0gcErvME7fJBz0iQ94v1OcyT7OYIlEfoFc+pyIA==</latexit>ംം צ ˦Ӎ ˦Ӎ
<latexit sha1_base64="nqDL+TkUFbw+rW68jXJnb2+7CeI=">AAABp3icZY7NSsNAFIXv1L8afxp16abYhQpSklJ0WxDEIrXV/gWaUibTaxk6yQyZqRJKH8GncasP4tsYNS5qz+rcc86FL1CCa+M4nyS3tr6xuZXftnZ29/YL9sFhT8tZzLDLpJCxF1CNgkfYNdwI9FSMNAwE9oPp9Xfff8ZYcxl1TKJwGNJJxJ84oyaNRvap36rf3xURfSP9Fz5Gw8UYfRRi+RrZJafs/Ki4atzMlCBTa2RzfyzZLMTIMEG1HrgVZYZzGhvOBC4sy1d0gtokAucYKpMsLH+mUVE2TfPBY6N50e7UveG8kbRFSnIjI7M0+SsWVsrm/idZNb1K2b0sVx+qpVo1o8zDMZzAGbhwBTW4hRZ0gcErvME7fJBz0iQ94v1OcyT7OYIlEfoFc+pyIA==</latexit>ംം צ ˦Ӎ ˦Ӎ

<latexit sha1_base64="UWx0nmezyPc8Iel3qBt5MPwzQ18=">AAABuHicZY5LS8NAFIVvfNb4irp0U2wXLkpJSlF0VRBEF4Vqn9ApdTK5xqGTB5mJEkJ+i7/Gra79N6YahdqzOpxz7uWzQ8GlMs1PbWV1bX1js7Slb+/s7u0bB4cDGcQRwz4LRBCNbCpRcB/7iiuBozBC6tkCh/bsat4PnzGSPPB7Kglx4lHX54+cUZVHU+OC2OhyP1XUjgWNspS1UlLLRKZXyQt3UHHhYHlYJUQn6Dt/O12fGhWzbn6rvGyswlSgUGdqPBEnYLGHvmKCSjm2GqGapDRSnAnMP5KQuihVIjBFL1RJppNYYkjZLM/H9+1at3c7mqTtpCtysuvAVwuL3yKbo1n/QZbNoFG3zurNu0al1SwgS3AMJ3AKFpxDC26gA31g8Apv8A4f2qX2oLka/5muaMXNESxIi74AUEB4XQ==</latexit> ս
<latexit sha1_base64="zmhuHmb0LbjUYWdposWWIfSGKHI=">AAABuHicZY5LS8NAFIVv6qvGV9Slm2K7cFFKUoqiq4IgdVGo9gmdUieTax06eZCZKCHkt/hr3Oraf2OqUag9q8M5514+OxBcKtP81Apr6xubW8VtfWd3b//AODwaSD8KGfaZL/xwZFOJgnvYV1wJHAUhUtcWOLTn14t++Iyh5L7XU3GAE5fOPP7IGVVZNDUuiY0z7iWK2pGgYZqwZkKqqUj1CnnhDiouHCy1 KoToBD3nb6frU6Ns1sxvlVaNlZsy5OpMjSfi+Cxy0VNMUCnHVj1Qk4SGijOB2UcS0BlKFQtM0A1UnOokkhhQNs/y8X272u3djiZJO+6KjOzG99TS4rdIF2jWf5BVM6jXrPNa465ebjZyyCKcwCmcgQUX0IQWdKAPDF7hDd7hQ7vSHrSZxn+mBS2/OYYlaeEXPp14Tg==</latexit> ս೫

<latexit sha1_base64="OKnZRFilGN1p4tuh6ij0QdqznTg=">AAABuHicZY5LS8NAFIVv6qvGV9Slm2K7cFFKUoqiq6IguihU+4ROqZPJNQ6dJiEzUULIb/HXuNW1/8ZUo1B7Vodzzr18diC4VKb5qRVWVtfWN4qb+tb2zu6esX/Ql34UMuwxX/jh0KYSBfewp7gSOAxCpDNb4MCeXs37wTOGkvteV8UBjmfU9fgjZ1Rl0cQ4Jza63EsUtSNBwzRhzYRUU5HqFfLCHVRcOFi6rBCiE/Scv52uT4yyWTO/VVo2Vm7KkKs9MZ6I47Nohp5igko5suqBGic0VJwJzD6SgLooVSwwwVmg4lQnkcSAsmmWj+5b1U73djhOWnFHZGTXvqcWFr9FOkez/oMsm369Zp3WGnf1crORQxbhCI7hBCw4gybcQBt6wOAV3uAdPrQL7UFzNf4zLWj5zSEsSAu/ADePeEg=</latexit> ս
<latexit sha1_base64="OKnZRFilGN1p4tuh6ij0QdqznTg=">AAABuHicZY5LS8NAFIVv6qvGV9Slm2K7cFFKUoqiq6IguihU+4ROqZPJNQ6dJiEzUULIb/HXuNW1/8ZUo1B7Vodzzr18diC4VKb5qRVWVtfWN4qb+tb2zu6esX/Ql34UMuwxX/jh0KYSBfewp7gSOAxCpDNb4MCeXs37wTOGkvteV8UBjmfU9fgjZ1Rl0cQ4Jza63EsUtSNBwzRhzYRUU5HqFfLCHVRcOFi6rBCiE/Scv52uT4yyWTO/VVo2Vm7KkKs9MZ6I47Nohp5igko5suqBGic0VJwJzD6SgLooVSwwwVmg4lQnkcSAsmmWj+5b1U73djhOWnFHZGTXvqcWFr9FOkez/oMsm369Zp3WGnf1crORQxbhCI7hBCw4gybcQBt6wOAV3uAdPrQL7UFzNf4zLWj5zSEsSAu/ADePeEg=</latexit> ս

<latexit sha1_base64="XT2uFJfD6gP0Hgehb8xbtuDoqyM=">AAABlXicZY7LTsJAGIX/wRvWW9UYF26IsHChpCVEVyZEDcEFAeWaUEKm0x8yYdpOOoNJ0/AwbvWJfBtRywI5qy/nkhxXCq60ZX2RzMbm1vZOdtfY2z84PDKPT7oqnEUMOywUYdR3qULBA+xorgX2ZYTUdwX23OnjT957w0jxMGjrWOLQp5OAjzmjemGNzLOCo7nwMPdQuFlirTAy81bR+lVuHewU8pCqOTK544Vs5mOgmaBKDeyS1MOERpozgXPDcCSdoNKxwAR9qeO54cwUSsqmC3/wWm9ct9rP/WFSj1uCe1gNA71SWQZzY/HN/v9kHbqlon1bLL+U8pVy+jILF3AJV2DDHVSgBk3oAIME3uEDPsk5uSdPpPpXzZB0cworIo1va+Jotg==</latexit> ˦-೫˦
<latexit sha1_base64="OKnZRFilGN1p4tuh6ij0QdqznTg=">AAABuHicZY5LS8NAFIVv6qvGV9Slm2K7cFFKUoqiq6IguihU+4ROqZPJNQ6dJiEzUULIb/HXuNW1/8ZUo1B7Vodzzr18diC4VKb5qRVWVtfWN4qb+tb2zu6esX/Ql34UMuwxX/jh0KYSBfewp7gSOAxCpDNb4MCeXs37wTOGkvteV8UBjmfU9fgjZ1Rl0cQ4Jza63EsUtSNBwzRhzYRUU5HqFfLCHVRcOFi6rBCiE/Scv52uT4yyWTO/VVo2Vm7KkKs9MZ6I47Nohp5igko5suqBGic0VJwJzD6SgLooVSwwwVmg4lQnkcSAsmmWj+5b1U73djhOWnFHZGTXvqcWFr9FOkez/oMsm369Zp3WGnf1crORQxbhCI7hBCw4gybcQBt6wOAV3uAdPrQL7UFzNf4zLWj5zSEsSAu/ADePeEg=</latexit> ս
<latexit sha1_base64="OKnZRFilGN1p4tuh6ij0QdqznTg=">AAABuHicZY5LS8NAFIVv6qvGV9Slm2K7cFFKUoqiq6IguihU+4ROqZPJNQ6dJiEzUULIb/HXuNW1/8ZUo1B7Vodzzr18diC4VKb5qRVWVtfWN4qb+tb2zu6esX/Ql34UMuwxX/jh0KYSBfewp7gSOAxCpDNb4MCeXs37wTOGkvteV8UBjmfU9fgjZ1Rl0cQ4Jza63EsUtSNBwzRhzYRUU5HqFfLCHVRcOFi6rBCiE/Scv52uT4yyWTO/VVo2Vm7KkKs9MZ6I47Nohp5igko5suqBGic0VJwJzD6SgLooVSwwwVmg4lQnkcSAsmmWj+5b1U73djhOWnFHZGTXvqcWFr9FOkez/oMsm369Zp3WGnf1crORQxbhCI7hBCw4gybcQBt6wOAV3uAdPrQL7UFzNf4zLWj5zSEsSAu/ADePeEg=</latexit> ս à direct det., HL-LHC, ee colliders.

à ee colliders.

1. DM ó g−2 : tightly connected in MSSM
Ø -LSP & g−2 = partial DM + LHC constraints
Ø -LSP & g−2 = partial DM + direct det. constraints
Ø -LSP & g−2 = too much DM + LHC constraints

2. MSSM provides 4 scenarios for g−2.
1. WHL: Coannihil.    -DM 🚫LHC searches (chargino-neutralino).
2. BLR: Coannihil.    -DM = compressed ... 👍 still alive.
3. BHL/R: mixed DM ... 🚫direct det.

Coannihil.    -DM ... 👍 still alive.

■

■

(N.B. There should always be loopholes / extensions.)
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One topic I omitted from
the mainstream of the talk
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Example of WHL model with by-hand bino-LSP. Endo, Hamaguchi, SI, Kitahara [2001.11025][2104.03217]

WHL

µL µR

�fW±Ĝ eH±

e⌫µ

<latexit sha1_base64="Si1KyihfZAL4hXMtdoAXl8nvR5I="></latexit>

Masses set at low energyИྺ Ҳ ႳИ ēÿč ྰ Ҳ ѵѱИ ս࿅ႱႲ Ҳ ѲѱѱრთИ ᅜᆠᅈᆠᅉ Ҳ ѱИ
right-handed sleptons, squarks, gluinos, extra Higgses ܜ ѲვრთМ

SLSL: ATLAS [1908.08215], CMS [2012.08600].
CC/WW: ATLAS [1909.09226].
NC/3L: CMS [1709.05406], ATLAS [1803.02762].
Results to be analyzed: 2106.01676, 2108.07586.

Various constraints
@ LHC!

<latexit sha1_base64="qesKJBfthrToR1l3/zjnVTjJRnU="></latexit>ю սྺჍ Ҵ ս ៓И ս೫៓ս Ⴛ ս Ⴜ צ Ⴛ Ⴜ
◆◆ഏვ (CC/WW)ս Ⴑ ս Ⴛ צ  Ҭ ◆◆ഏვИ ೫ Ҭ ◆◆ഏვ (NC/HW, NC/ZW)

ю սྺჍ ҳ ս ៓И ս೫៓սྺჍ սྺ១Ⴭ צ ѳྺ Ҭ ◆◆ഏვ (SLSL)ս Ⴑ ս Ⴛ צ ШྺսྺჍЩШྺ ˦ྻЩ צ Ѵྺ Ҭ ◆◆ഏვ (NC/3L)
(a bit of details in the next slide)

Stringent for                              .
<latexit sha1_base64="y2H2E3laisAfUBy6nDTa/3QY0gg=">AAABs3icZY7LSsNAFIYn9VbjLerSTbEbF6UkJerGRUGQChaqvUKnlsnktA6dSYbMxBJCX8Sncatv4NvY1gjW/quf7z8HPk9yprRtfxm5jc2t7Z38rrm3f3B4ZB2fdFQYRxTaNORh1POIAs4CaGumOfRkBER4HLre5Haxd18hUiwMWjqRMBBkHLARo0TP0dBysUqEN2I6xSLG08LDDZ4yHzTjPhS6z1iK0h9QW4CZObSKdtleprBenKwUUZbG0HrBfkhjAYGmnCjVdypSD1ISaUY5zEwTSzIGpRMOKQipk5mJYwWS0Mmc95/qpWbrvjdI60mTz2XuwkCvXPwOSzXnv8h66VTKzlXZfXSLVTeTzKMzdI4ukIOuURXVUAO1EUVv6B19oE/j0ugbnuH/nOaM7OcUrcQQ35HUdrI=</latexit>Ⴭ ҳ սഴ៓И սഥ៓

N.B. Exclusions at the "obviously 95%-CL excluded" criterion.

Bino (LSP) mass

Wino/Higgsino mass

slepton
mass

/ 1517

https://arxiv.org/abs/2001.11025
https://arxiv.org/abs/2104.03217
https://arxiv.org/abs/1908.08215
https://arxiv.org/abs/2012.08600
https://arxiv.org/abs/1909.09226
https://arxiv.org/abs/1709.05406
https://arxiv.org/abs/1803.02762
https://arxiv.org/abs/2106.01676
https://arxiv.org/abs/2108.07586


<latexit sha1_base64="wxClnI9h9UBoH4JRkNsHJPZoOJ4=">AAABsnicZY7LSsNAFIZP6q3GW9Slm2I3LkpJatCdFASpYKHaKza1TKbHOnSSDJmJJZQ8iE/jVh/BtzHViNb+q5/vPwc+V3AmlWl+aLmV1bX1jfymvrW9s7tn7B90ZBCFFNs04EHYc4lEznxsK6Y49kSIxHM5dt3J5XzvPmMoWeC3VCxw4JGxzx4ZJSpFQ+PUmbIRKsZH6HiRMy3cXPySQvfBEV7pD6jNwdAommXzK4XlYmWlCFkaQ+PJGQU08tBXlBMp+1ZFqMGMhIpRjomuO4KMUaqY4ww9oeJEdyKJgtBJyvt39VKzdd0bzOpxk6cqV4GvFi5+hkRP1az/IsulUylbZ2X71i5W7UwyD0dwDCdgwTlUoQYNaAOFF3iFN3jXbO1eIxr9Ps1p2c8hLETjnwrldmU=</latexit> սྺჍ Ҵ ս ៓И ս೫៓
Cascade decays of SUSY particles at the LHC. Endo, Hamaguchi, SI, Kitahara [2001.11025][2104.03217]

WHL

µL µR

�fW±Ĝ eH±

e⌫µ

<latexit sha1_base64="fxYU0N/sqgEkNh8FV+enxatemic=">AAABsnicZY7LSsNAFIZP6q3GW9Slm2I3LkpJatCNi4IgFSxUe8Wmlsn0WIdOkiEzsYSSB/Fp3Ooj+DamGtHaf/Xz/efA5wrOpDLNDy23srq2vpHf1Le2d3b3jP2DjgyikGKbBjwIey6RyJmPbcUUx54IkXgux647uZzv3WcMJQv8looFDjwy9tkjo0SlaGicOlM2QsX4CB0vcqaFm4tfUug+OMIr/QG1ORgaRbNsfqWwXKysFCFLY2g8OaOARh76inIiZd+qCDWYkVAxyjHRdUeQMUoVc5yhJ1Sc6E4kURA6SXn/rl5qtq57g1k9bvJU5Srw1cLFz5DoqZr1X2S5dCpl66xs39rFqp1J5uEIjuEELDiHKtSgAW2g8AKv8Abvmq3da0Sj36c5Lfs5hIVo/BMIb3Zj</latexit> սྺჍ ҳ ս ៓И ս೫៓

<latexit sha1_base64="bURKS+ARibo92nqBZz0xQyYhFxg=">AAABnXicZY7LSsNAGIX/qbcab1GXgha7cVFKUoJuC6IotFLtFZpSJtPfOnSSDJmJJZTufBq3+jK+jVEjUntWh3OBz5OCK21ZHyS3srq2vpHfNLa2d3b3zP2DjgrjiGGbhSKMeh5VKHiAbc21wJ6MkPqewK43ufzqu88YKR4GLZ1IHPh0HPBHzqhOo6F57E75CDUXIywId1qolf4CN4iHZtEqW98qLBs7M0XI1BiaT+4oZLGPgWaCKtW3K1IPZjTSnAmcG4Yr6RiVTgTO0Jc6mRturFBSNknz/kO91Gzd9gazetIUKcd1GOiFxW8xN1I0+z/IsulUyvZ52bl3ilUng8zDEZzCGdhwAVW4gQa0gcELvMIbvJMTckVq5O5nmiPZ5xAWRLqfHhJtvg==</latexit> ˦ഋჍИ ˦ྻ
<latexit sha1_base64="jzF7ELBtnvc5civAGRXGHodfBEg=">AAABiXicZY7LSsNAGIX/qbeaeom6dFPMxoWUpIQqrooF0UWh2lugKWUy+a1DJ8mQmSqh9DXc6mv5NkaNi9qzOpwLfIEUXGnb/iSljc2t7Z3yrlHZ2z84NI+OByqZpwz7LBFJ6gVUoeAx9jXXAj2ZIo0CgcNg1vruhy+YKp7EPZ1JHEd0GvMnzqjOI99/5SFqLkKs3kxMy67ZP6quG6cwFhTqTMxnP0zYPMJYM0GVGjl1qccLmmrOBC4Nw5d0ikpnAhcYSZ0tDX+uUFI2y/PRY/ui27v3xot21hU5xm0S65XFX7E0cjTnP8i6GdRrTqPmPrhW0y0gy3AKZ3AODlxCE+6gA31gIOEN3uGDVIhDrsj177REis8JrIi0vgD1YmXu</latexit>ս

<latexit sha1_base64="bC6amuOCZn1YOs3Evft0QYfXvOs=">AAABmHicZY5LS8NAFIXv1FeNj0ZdqZtiNy5KSUrRbUHQdlGofUNTwmR6rUMnyZCZKKEUf41b/T3+G6NGsPaszj3nXPg8KbjSlvVBchubW9s7+V1jb//gsGAeHQ9UGEcM+ywUYTTyqELBA+xrrgWOZITU9wQOvfnNVz98wkjxMOjpROLEp7OAP3BGdRq55qnzzKeouZhicVj+czRcs2RVrG8V142dmRJkarvmozMNWexjoJmgSo3tqtSTBY00ZwKXhuFIOkOlE4EL9KVOloYTK5SUzdN83GmVu73maLJoJV2RYtyGgV5Z/BZLI0Wz/4Osm0G1Yl9Vave1Ur2WQebhHC7gEmy4hjo0oA19YPACr/AG7+SM1Mkdaf5McyT7OYEVkc4n0VprYQ==</latexit> սИ ս೫

cascade decay

<latexit sha1_base64="fJQ3EOdk9axWfUMJDvgYLV4LU0M=">AAABznicZY5LS8NAFIVv6qvGV9Slm2A3olKaUnRbFETBYrVP6NQymV7r0EkyJJOWEIJb/5A/Rtzq/zDWuKg9q3O/e+7l2FLwQJVK71puaXlldS2/rm9sbm3vGLt77cALfYYt5gnP79o0QMFdbCmuBHalj9SxBXbs8eXPvjNBP+Ce21SRxL5DRy5/4oyqFA2MOzL7EcsLEWJiSkmUR6Z8iIqLIZrECcnUvF0kj8dpsJwOJ4RRl6GIZZLy5sAolIqlmcxFY2WmAJnqA+OZDD0WOugqJmgQ9KyyVP2Y+oozgYmuE0lHGKhIYIyOVFGikzBASdk45b2H2mmjedPtx7WoIdKSV56r5hJ/i0RPq1n/iyyadrlonRUr95VCtZKVzMMBHMIRWHAOVbiGOrSAwRt8wCd8aXVtoiXay280p2U3+zAn7fUbmuWCKQ==</latexit>ഏഏ צ սྺჍ սྺ១Ⴭ צ ѳྺ Ҭ ◆◆ഏვ

Even though
large luminosity in Run 2
à silver bullet to kill models with

(but not coannihil. region 
à next slide) 

<latexit sha1_base64="AE9aHGG4SfLMBKVGEDHl5CCurqM=">AAAB23icdY7LSsNAGIX/eK3xFnXppthNK6Ukpei2IIiChWqv0Illkv7WoZNkyEwsoXTlTtz6Qr6Fb+BWn8CoEazFszqcC3yO4Ewq03zRFhaXlldWM2v6+sbm1raxs9uWQRS62HIDHoRdh0rkzMeWYopjV4RIPYdjxxmdfPadOwwlC/ymigXaHh367Ia5VCVR3yBEsqFH80IQFZAxG6BifIBZ4kVknL2YT64PC4Tzf16d375Q7Bs5s2R+KTtvrNTkIFW9b9ySQeBGHvrK5VTKnlUWyp7QUDGX41TXiaBDlCrmOEFPqHiqk0iioO4oyXtXtWKjed61J7W4wROQ08BXM4ufYqonaNZfkHnTLpeso1LlspKrVlLIDOzDAeTBgmOowhnUoQUuPMMrvMG7Zmv32oP2+D1d0NLPHsxIe/oAt4SG7A==</latexit>࿁Шഏഏ צ սྺჍ սྺ១ჍЩ ܛ ࿁Шഏഏ צ ս սЩИ
<latexit sha1_base64="fxYU0N/sqgEkNh8FV+enxatemic=">AAABsnicZY7LSsNAFIZP6q3GW9Slm2I3LkpJatCNi4IgFSxUe8Wmlsn0WIdOkiEzsYSSB/Fp3Ooj+DamGtHaf/Xz/efA5wrOpDLNDy23srq2vpHf1Le2d3b3jP2DjgyikGKbBjwIey6RyJmPbcUUx54IkXgux647uZzv3WcMJQv8looFDjwy9tkjo0SlaGicOlM2QsX4CB0vcqaFm4tfUug+OMIr/QG1ORgaRbNsfqWwXKysFCFLY2g8OaOARh76inIiZd+qCDWYkVAxyjHRdUeQMUoVc5yhJ1Sc6E4kURA6SXn/rl5qtq57g1k9bvJU5Srw1cLFz5DoqZr1X2S5dCpl66xs39rFqp1J5uEIjuEELDiHKtSgAW2g8AKv8Abvmq3da0Sj36c5Lfs5hIVo/BMIb3Zj</latexit> սྺჍ ҳ ս ៓И ս೫៓

<latexit sha1_base64="bURKS+ARibo92nqBZz0xQyYhFxg=">AAABnXicZY7LSsNAGIX/qbcab1GXgha7cVFKUoJuC6IotFLtFZpSJtPfOnSSDJmJJZTufBq3+jK+jVEjUntWh3OBz5OCK21ZHyS3srq2vpHfNLa2d3b3zP2DjgrjiGGbhSKMeh5VKHiAbc21wJ6MkPqewK43ufzqu88YKR4GLZ1IHPh0HPBHzqhOo6F57E75CDUXIywId1qolf4CN4iHZtEqW98qLBs7M0XI1BiaT+4oZLGPgWaCKtW3K1IPZjTSnAmcG4Yr6RiVTgTO0Jc6mRturFBSNknz/kO91Gzd9gazetIUKcd1GOiFxW8xN1I0+z/IsulUyvZ52bl3ilUng8zDEZzCGdhwAVW4gQa0gcELvMIbvJMTckVq5O5nmiPZ5xAWRLqfHhJtvg==</latexit> ˦ഋჍИ ˦ྻ

<latexit sha1_base64="jzF7ELBtnvc5civAGRXGHodfBEg=">AAABiXicZY7LSsNAGIX/qbeaeom6dFPMxoWUpIQqrooF0UWh2lugKWUy+a1DJ8mQmSqh9DXc6mv5NkaNi9qzOpwLfIEUXGnb/iSljc2t7Z3yrlHZ2z84NI+OByqZpwz7LBFJ6gVUoeAx9jXXAj2ZIo0CgcNg1vruhy+YKp7EPZ1JHEd0GvMnzqjOI99/5SFqLkKs3kxMy67ZP6quG6cwFhTqTMxnP0zYPMJYM0GVGjl1qccLmmrOBC4Nw5d0ikpnAhcYSZ0tDX+uUFI2y/PRY/ui27v3xot21hU5xm0S65XFX7E0cjTnP8i6GdRrTqPmPrhW0y0gy3AKZ3AODlxCE+6gA31gIOEN3uGDVIhDrsj177REis8JrIi0vgD1YmXu</latexit>ս

<latexit sha1_base64="bC6amuOCZn1YOs3Evft0QYfXvOs=">AAABmHicZY5LS8NAFIXv1FeNj0ZdqZtiNy5KSUrRbUHQdlGofUNTwmR6rUMnyZCZKKEUf41b/T3+G6NGsPaszj3nXPg8KbjSlvVBchubW9s7+V1jb//gsGAeHQ9UGEcM+ywUYTTyqELBA+xrrgWOZITU9wQOvfnNVz98wkjxMOjpROLEp7OAP3BGdRq55qnzzKeouZhicVj+czRcs2RVrG8V142dmRJkarvmozMNWexjoJmgSo3tqtSTBY00ZwKXhuFIOkOlE4EL9KVOloYTK5SUzdN83GmVu73maLJoJV2RYtyGgV5Z/BZLI0Wz/4Osm0G1Yl9Vave1Ur2WQebhHC7gEmy4hjo0oA19YPACr/AG7+SM1Mkdaf5McyT7OYEVkc4n0VprYQ==</latexit> սИ ս೫ <latexit sha1_base64="bg+FlvSBKYjr5wPebRjkx6u5P1E=">AAABrnicZU7NTsJAGNz6i/Wv6tELkQtGgi0heiWaGDyQoPyUyDbNdvmEDdt2091qmtrH8Gm86kP4NiLUAzKXbzIz32Q8wZlUpvmtra1vbG5tF3b03b39g0Pj6Lgvwzii0KMhD6OBRyRwFkBPMcVhICIgvsfB9qa3v779ApFkYdBViQDHJ+OAPTNK1ExyjUs870jFDY8hK5abNq684crT4tj2+QWmJKDAU5Hh12LXNUpm1ZyjuEqsnJRQjrZrTPAopLEPgaKcSDm0akI5KYkUoxwyXceCjEGqhEMKvlBJpuNYgiB0OtOHj61Kp3s/cNJW0uFsBHdhoJYSf0amz6ZZ/4eskn6tal1V6w/1UqOejyygU3SGyshC16iBmqiNeoiid/SBPtGXZmp9zdHcRXRNy39O0BK0yQ8gJHOS</latexit>Ш೫ Ц  ЦЩ Ҭ ◆◆ഏვ
Looks simple, but subtle.

Ø destructive interference:
gets smaller

if squarks are not decoupled.

Ø multiple types of final states:
needs to combine HW + ZW.

<latexit sha1_base64="MixE3pwIB5jYDXsSBN4vWQBymeQ=">AAABqHicZY7NTsJAFIXv4B/Wv6pLN0Y2YAxpCdEtiYnRBQnKr2EImQ5XmDDtTDqDpiE8g0/jVp/Dt7FqXSBnde455yZfoKUw1vM+SW5tfWNzK7/t7Ozu7R+4h0cdo2YxxzZXUsW9gBmUIsK2FVZiT8fIwkBiN5hef/fdZ4yNUFHLJhoHIRtH4klwZtNo6JaoEeOQFbWmVtEXMUIr5Agpn4jlqzR0C17Z+9HpqvEzU4BMjaE7oSPFZyFGlktmTN+vaDuYs9gKLnHhOFSzMRqbSJxjqG2ycOjMoGZ8mub9h/pFs3XXG8zrSVOmJDcqskuLv2LhpGj+f5BV06mU/cty9b5aqFUzyDycwBkUwYcrqMEtNKANHF7hDd7hg5yTBumSx99pjmQ/x7AkEnwBmeFy8w==</latexit>࿁Шഏഏ צ ս࿅ս࿅Щ
Liu, McGinnis, Wagner, Wang [2008.11847]

à yet to discuss/analyze.
(cf. ATLAS [2108.07586])

/ 1518

https://arxiv.org/abs/2001.11025
https://arxiv.org/abs/2104.03217
https://arxiv.org/abs/2008.11847
https://arxiv.org/abs/2108.07586


How about coannihilation region? Endo, Hamaguchi, SI, Kitahara [2001.11025][2104.03217]

<latexit sha1_base64="Si1KyihfZAL4hXMtdoAXl8nvR5I="></latexit>

Masses set at low energyИྺ Ҳ ႳИ ēÿč ྰ Ҳ ѵѱИ ս࿅ႱႲ Ҳ ѲѱѱრთИ ᅜᆠᅈᆠᅉ Ҳ ѱИ
right-handed sleptons, squarks, gluinos, extra Higgses ܜ ѲვრთМ

SLSL: ATLAS [1908.08215], CMS [2012.08600].
CC/WW: ATLAS [1909.09226].
NC/3L: CMS [1709.05406], ATLAS [1803.02762].
Results to be analyzed: 2106.01676, 2108.07586.

<latexit sha1_base64="qesKJBfthrToR1l3/zjnVTjJRnU="></latexit>ю սྺჍ Ҵ ս ៓И ս೫៓ս Ⴛ ս Ⴜ צ Ⴛ Ⴜ
◆◆ഏვ (CC/WW)ս Ⴑ ս Ⴛ צ  Ҭ ◆◆ഏვИ ೫ Ҭ ◆◆ഏვ (NC/HW, NC/ZW)

ю սྺჍ ҳ ս ៓И ս೫៓սྺჍ սྺ១Ⴭ צ ѳྺ Ҭ ◆◆ഏვ (SLSL)ս Ⴑ ս Ⴛ צ ШྺսྺჍЩШྺ ˦ྻЩ צ Ѵྺ Ҭ ◆◆ഏვ (NC/3L)

Coannihilation region looks dead : WHL & DM = difficult.

<latexit sha1_base64="bURKS+ARibo92nqBZz0xQyYhFxg=">AAABnXicZY7LSsNAGIX/qbcab1GXgha7cVFKUoJuC6IotFLtFZpSJtPfOnSSDJmJJZTufBq3+jK+jVEjUntWh3OBz5OCK21ZHyS3srq2vpHfNLa2d3b3zP2DjgrjiGGbhSKMeh5VKHiAbc21wJ6MkPqewK43ufzqu88YKR4GLZ1IHPh0HPBHzqhOo6F57E75CDUXIywId1qolf4CN4iHZtEqW98qLBs7M0XI1BiaT+4oZLGPgWaCKtW3K1IPZjTSnAmcG4Yr6RiVTgTO0Jc6mRturFBSNknz/kO91Gzd9gazetIUKcd1GOiFxW8xN1I0+z/IsulUyvZ52bl3ilUng8zDEZzCGdhwAVW4gQa0gcELvMIbvJMTckVq5O5nmiPZ5xAWRLqfHhJtvg==</latexit> ˦ഋჍИ ˦ྻ
<latexit sha1_base64="jzF7ELBtnvc5civAGRXGHodfBEg=">AAABiXicZY7LSsNAGIX/qbeaeom6dFPMxoWUpIQqrooF0UWh2lugKWUy+a1DJ8mQmSqh9DXc6mv5NkaNi9qzOpwLfIEUXGnb/iSljc2t7Z3yrlHZ2z84NI+OByqZpwz7LBFJ6gVUoeAx9jXXAj2ZIo0CgcNg1vruhy+YKp7EPZ1JHEd0GvMnzqjOI99/5SFqLkKs3kxMy67ZP6quG6cwFhTqTMxnP0zYPMJYM0GVGjl1qccLmmrOBC4Nw5d0ikpnAhcYSZ0tDX+uUFI2y/PRY/ui27v3xot21hU5xm0S65XFX7E0cjTnP8i6GdRrTqPmPrhW0y0gy3AKZ3AODlxCE+6gA31gIOEN3uGDVIhDrsj177REis8JrIi0vgD1YmXu</latexit>ս

<latexit sha1_base64="bC6amuOCZn1YOs3Evft0QYfXvOs=">AAABmHicZY5LS8NAFIXv1FeNj0ZdqZtiNy5KSUrRbUHQdlGofUNTwmR6rUMnyZCZKKEUf41b/T3+G6NGsPaszj3nXPg8KbjSlvVBchubW9s7+V1jb//gsGAeHQ9UGEcM+ywUYTTyqELBA+xrrgWOZITU9wQOvfnNVz98wkjxMOjpROLEp7OAP3BGdRq55qnzzKeouZhicVj+czRcs2RVrG8V142dmRJkarvmozMNWexjoJmgSo3tqtSTBY00ZwKXhuFIOkOlE4EL9KVOloYTK5SUzdN83GmVu73maLJoJV2RYtyGgV5Z/BZLI0Wz/4Osm0G1Yl9Vave1Ur2WQebhHC7gEmy4hjo0oA19YPACr/AG7+SM1Mkdaf5McyT7OYEVkc4n0VprYQ==</latexit> սИ ս೫
WHL + coannihil.     -DM

<latexit sha1_base64="OKnZRFilGN1p4tuh6ij0QdqznTg=">AAABuHicZY5LS8NAFIVv6qvGV9Slm2K7cFFKUoqiq6IguihU+4ROqZPJNQ6dJiEzUULIb/HXuNW1/8ZUo1B7Vodzzr18diC4VKb5qRVWVtfWN4qb+tb2zu6esX/Ql34UMuwxX/jh0KYSBfewp7gSOAxCpDNb4MCeXs37wTOGkvteV8UBjmfU9fgjZ1Rl0cQ4Jza63EsUtSNBwzRhzYRUU5HqFfLCHVRcOFi6rBCiE/Scv52uT4yyWTO/VVo2Vm7KkKs9MZ6I47Nohp5igko5suqBGic0VJwJzD6SgLooVSwwwVmg4lQnkcSAsmmWj+5b1U73djhOWnFHZGTXvqcWFr9FOkez/oMsm369Zp3WGnf1crORQxbhCI7hBCw4gybcQBt6wOAV3uAdPrQL7UFzNf4zLWj5zSEsSAu/ADePeEg=</latexit> ս
<latexit sha1_base64="m7j6pdMkMGUR+M+dDnMMjVNSoko=">AAAB23icZU7LSsNAFJ3UV42vqEs3wW6ESklK0W1BEF0Uqn1CJy2T6W0dOkmGzNQaQlbuxK0/5F/4B271C4w1XdQeuHDuOedejis4k8qyPrTc2vrG5lZ+W9/Z3ds/MA6P2jKYhhRaNOBB2HWJBM58aCmmOHRFCMRzOXTcydWv33mEULLAb6pIgOORsc9GjBKVSgMD4/mPWNSZP0lMIbAK8IwNQTE+BLPTLy5tVmqbGDhfTD/GCp5ULIORSpIipsSnwGOR4JnZHBgFq2TNYa4SOyMFlKE+MB7wMKBTD3xFOZGyZ5eFcmISKkY5JLqOBRmDVBGHGDyhokTHUwmC0Emq9+5r543mbdeJa1GDp62vA18tJRZGoqfV7P9FVkm7XLIvSpW7SqFayUrm0Qk6RWfIRpeoim5QHbUQRe/oE32hb83RnrUX7fUvmtOym2O0BO3tB8L5iJ4=</latexit>ഏഏ צ ս Ⴛ ս Ⴑ צ ӍӍӍsoft Ҭ ◆◆ഏვ
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https://arxiv.org/abs/2001.11025
https://arxiv.org/abs/2104.03217
https://arxiv.org/abs/1908.08215
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