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Flavor changing  
H and Z decays



• Goal: assess the potential of  e+e- colliders to explore FC decays 

• Ingredients:  

• Clean environment of e+e- colliders 

• State-of-the-art and future flavor taggers 

• Analysis technique we propose 

• Take home messages:  

• Upper limits at FCC-ee are above the SM level 

• Improve limits on Higgs FC couplings 

• Results depend on taggers performances 

• Disclaimer: projections for FCC-ee, we expect very similar results at CepC
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<latexit sha1_base64="tXu64OY/VKeXeBm8wdbGNXIizNc="></latexit>
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Meson mixings

Global fits (mostly semi-leptonic)

<latexit sha1_base64="SOvjDpq2a9EdF1ol/fDfTm/Kr5Y="></latexit>

h ! BSM (CMS+ATLAS, 2207.00043)

<latexit sha1_base64="MfQ9a0kHyQ6tamAZwT54K8jOguQ="></latexit>

�(Z ! had) (hep-ex/0012018)

<latexit sha1_base64="FVxghD31FDPKN3DFdOmVLYkrvh4="></latexit>

Decay SM prediction exp. bound indir. constr.
B(h ! bs) (8.9± 1.5) · 10�8 0.16 2⇥ 10�3

B(h ! bd) (3.8± 0.6) · 10�9 0.16 10�3

B(h ! cu) (2.7± 0.5) · 10�20 0.16 2⇥ 10�2

B(Z ! bs) (4.2± 0.7) · 10�8 2.9⇥ 10�3 6⇥ 10�8

B(Z ! bd) (1.8± 0.3) · 10�9 2.9⇥ 10�3 6⇥ 10�8

B(Z ! cu) (1.4± 0.2) · 10�18 2.9⇥ 10�3 4⇥ 10�7

Current status



Z pole running
<latexit sha1_base64="fzSRYhBNzWfXxo8rEorZuJOrybs=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEVPJWkiHoRil48VrAf2Iaw2W7bpbtJ3N0INfSXePGgiFd/ijf/jds2B219MPB4b4aZeUHMmdKO823lVlbX1jfym4Wt7Z3dor2331RRIgltkIhHsh1gRTkLaUMzzWk7lhSLgNNWMLqe+q1HKhWLwjs9jqkn8CBkfUawNpJvF8td9SA1UugSCf++7Nslp+LMgJaJm5ESZKj79le3F5FE0FATjpXquE6svRRLzQink0I3UTTGZIQHtGNoiAVVXjo7fIKOjdJD/UiaCjWaqb8nUiyUGovAdAqsh2rRm4r/eZ1E9y+8lIVxomlI5ov6CUc6QtMUUI9JSjQfG4KJZOZWRIZYYqJNVgUTgrv48jJpVivuWeX0tlqqXWVx5OEQjuAEXDiHGtxAHRpAIIFneIU368l6sd6tj3lrzspmDuAPrM8f2wGR7A==</latexit>p
s = mZ

<latexit sha1_base64="24065D/jdKUz1iQ2ZN+4S7TYoTA=">AAAB/3icbVDLSgMxFM3UV62vUcGNm2ArCmKZKaIui25cVrAP7ItMetuGZjLTJCOUsQt/xY0LRdz6G+78G9PHQlsPJBzOuZd77/FCzpR2nG8rsbC4tLySXE2trW9sbtnbOyUVRJJCkQY8kBWPKOBMQFEzzaESSiC+x6Hs9a5HfvkBpGKBuNODEOo+6QjWZpRoIzXtvQw0TjA0TnFNB/h+9PX7R5mmnXayzhh4nrhTkkZTFJr2V60V0MgHoSknSlVdJ9T1mEjNKIdhqhYpCAntkQ5UDRXEB1WPx/sP8aFRWrgdSPOExmP1d0dMfKUGvmcqfaK7atYbif951Ui3L+sxE2GkQdDJoHbEsblyFAZuMQlU84EhhEpmdsW0SySh2kSWMiG4syfPk1Iu655nz25z6fzVNI4k2kcH6Bi56ALl0Q0qoCKi6BE9o1f0Zj1ZL9a79TEpTVjTnl30B9bnD9uhlBU=</latexit>

e+e� ! Z ! qq0

hZ running
<latexit sha1_base64="wDDlNVexanlygzYNlF9uYltplzM=">AAAB/HicbVBNS8NAEN34WetXtEcvi63gqSSlqBeh6EGPFewHtKFstpN26WYTdzdCKPWvePGgiFd/iDf/jds2B219MPB4b4aZeX7MmdKO822trK6tb2zmtvLbO7t7+/bBYVNFiaTQoBGPZNsnCjgT0NBMc2jHEkjoc2j5o+up33oEqVgk7nUagxeSgWABo0QbqWcXSl31IDVW+BJXqk4J30CzZxedsjMDXiZuRoooQ71nf3X7EU1CEJpyolTHdWLtjYnUjHKY5LuJgpjQERlAx1BBQlDeeHb8BJ8YpY+DSJoSGs/U3xNjEiqVhr7pDIkeqkVvKv7ndRIdXHhjJuJEg6DzRUHCsY7wNAncZxKo5qkhhEpmbsV0SCSh2uSVNyG4iy8vk2al7J6Vq3eVYu0qiyOHjtAxOkUuOkc1dIvqqIEoStEzekVv1pP1Yr1bH/PWFSubKaA/sD5/AF1hkqY=</latexit>p
s = 240 GeV

<latexit sha1_base64="bgqu4mvrBe8ri+tCG6kcFKqljhk=">AAACHXicbVDLTgIxFO3gC/GFunTTCEYUITOEqEuiG5eYyCM80ykXaOg8aDsmhPAjbvwVNy40xoUb499YBhaK3qS9J+fcm/Yc2+dMKtP8MiJLyyura9H12Mbm1vZOfHevLL1AUChRj3uiahMJnLlQUkxxqPoCiGNzqNiD66leuQchmefeqZEPTYf0XNZllChNteP5JLTSGFoZ3FAerrVOw96vpWq6N4DzVjq8M2e4P1WGw+OTZDueMLNmWPgvsOYggeZVbMc/Gh2PBg64inIiZd0yfdUcE6EY5TCJNQIJPqED0oO6hi5xQDbHobsJPtJMB3c9oY+rcMj+3BgTR8qRY+tJh6i+XNSm5H9aPVDdy+aYuX6gwKWzh7oBx9rmNCrcYQKo4iMNCBVM/xXTPhGEKh1oTIdgLVr+C8q5rHWezd/mEoWreRxRdIAOUQpZ6AIV0A0qohKi6AE9oRf0ajwaz8ab8T4bjRjznX30q4zPbzppnu4=</latexit>

e+e� ! Z⇤ ! hZ(Z ! `+`�, h ! qq0)

1905.03764 

FCC Conceptual Design Reports 

G. Marchiori’s talk at “Higgs Performance meeting” 
(indico.cern.ch/event/1221257)

<latexit sha1_base64="3khh3Aqp++dLMfCs9c87+9AAsHU="></latexit>

Parameters Nominal value Rel. uncert. (in %)
B(Z ! uu+ dd) 27.01% 5.0

B(Z ! ss) 15.84% 3.8
B(Z ! cc) 12.03% 1.7
B(Z ! bb) 15.12% 0.33

NZ 5⇥ 1012 10�3

A 0.994 10�3

<latexit sha1_base64="OJ+Ns2LIiR+XSEneKlARpNpIxoY="></latexit>

Parameters Nominal Value Rel. uncert. (%)
B(h ! gg) 1.4% 1.2
B(h ! ss) 0.024% 160
B(h ! cc) 2.9% 2.8
B(h ! bb) 56% 0.4

Nh 6.7⇥ 105 0.5
A 0.70 0.1

<latexit sha1_base64="Sq3KFr8or2pE5SsC7AN8lrPRDcg="></latexit>

Other backgrounds (⌧+⌧� for Z, DY, WW , ZZ for h) are negligible

G. Marchiori’s talk at “FCC Physics 
Workshop” (indico.cern.ch/event/1176398/)

http://indico.cern.ch/event/1221257
http://indico.cern.ch/event/1176398/


Jet flavor taggers @FCC-ee
Tools to classify flavor of jets from input data ParticleNet: 1902.08570 

Jet-Flavor tagging at FCC-ee: 2210.10322

Bedeschi, Gouskos, Selvaggi: 2202.03285 
Gouskos’ talk at “FCC Physics Workshop” (indico.cern.ch/

event/1176398/)

<latexit sha1_base64="7/6jMNpiscy8EbrVq3UVhsldMRE=">AAAB/XicbVDLSsNAFJ34rPVVHzs3wSK4KkkRdVl047JKX9CWMpnctEMnkzBzI9ZQ/BU3LhRx63+482+cpl1o64ELh3PunTv3eLHgGh3n21paXlldW89t5De3tnd2C3v7DR0likGdRSJSLY9qEFxCHTkKaMUKaOgJaHrD64nfvAeleSRrOIqhG9K+5AFnFI3UKxx2EB4weydV4I/TWvVu3CsUnZKTwV4k7owUyQzVXuGr40csCUEiE1TrtuvE2E2pQs4EjPOdRENM2ZD2oW2opCHobpptHdsnRvHtIFKmJNqZ+nsipaHWo9AznSHFgZ73JuJ/XjvB4LKbchknCJJNFwWJsDGyJ1HYPlfAUIwMoUxx81ebDaiiDE1geROCO3/yImmUS+556ey2XKxczeLIkSNyTE6JSy5IhdyQKqkTRh7JM3klb9aT9WK9Wx/T1iVrNnNA/sD6/AFtyZXb</latexit>

TPR

<latexit sha1_base64="1S0QEHmgIDkizXRMhLWXnG0zZaA=">AAAB/XicbVDLSsNAFJ34rPUVHzs3wSK4KkkRdVkUxGUV+4A2lMn0ph06eTBzI9YQ/BU3LhRx63+482+ctllo64ELh3PunTv3eLHgCm3721hYXFpeWS2sFdc3Nre2zZ3dhooSyaDOIhHJlkcVCB5CHTkKaMUSaOAJaHrDy7HfvAepeBTe4SgGN6D9kPucUdRS19zvIDzg5J1UQi9Lr2q3Wdcs2WV7AmueODkpkRy1rvnV6UUsCSBEJqhSbceO0U2pRM4EZMVOoiCmbEj70NY0pAEoN51szawjrfQsP5K6QrQm6u+JlAZKjQJPdwYUB2rWG4v/ee0E/XM35WGcIIRsushPhIWRNY7C6nEJDMVIE8ok13+12IBKylAHVtQhOLMnz5NGpeyclk9uKqXqRR5HgRyQQ3JMHHJGquSa1EidMPJInskreTOejBfj3fiYti4Y+cwe+QPj8wdYZ5XN</latexit> F
P
R

q-tagger rates

<latexit sha1_base64="G1O2n0Mo+95Rkxs7zKhcOb3YYWk="></latexit>

Currently O(few)% syst. on ✏q�
ATLAS: 1907.05120 
CMS: 1712.07158

<latexit sha1_base64="12PtMTZTK5qQzGYON2Bd0Kmc7p8="></latexit>

✏b�;Loose = {0.02, 0.001, 0.02, 0.90}
✏b�;Med = {0.007, 0.0001, 0.003, 0.80}

<latexit sha1_base64="67h1gikqDnAbyXC7140u86ees+M=">AAACG3icbZDLSgMxFIYzXmu9VV26CbZChVJmiqgboejGZQV7gU4tmcyZNjRzaZIRytD3cOOruHGhiCvBhW9jOu1CW38IfPnPOSTndyLOpDLNb2NpeWV1bT2zkd3c2t7Zze3tN2QYCwp1GvJQtBwigbMA6oopDq1IAPEdDk1ncD2pNx9ASBYGd2oUQccnvYB5jBKlrW6uUrAhkoxrth1Q5H6I7WFMXJze8CW2E9wrxu5JSZZoycH2uNDN5c2ymQovgjWDPJqp1s192m5IYx8CRTmRsm2ZkeokRChGOYyzdiwhInRAetDWGBAfZCdJdxvjY+242AuFPoHCqft7IiG+lCPf0Z0+UX05X5uY/9XasfIuOgkLolhBQKcPeTHHKsSToLDLBFDFRxoIFUz/FdM+EYQqHWdWh2DNr7wIjUrZOiuf3lby1atZHBl0iI5QEVnoHFXRDaqhOqLoET2jV/RmPBkvxrvxMW1dMmYzB+iPjK8f3WOfYw==</latexit>

✏q� � = {g(ud), s, c, b}

WPs for h decays

http://indico.cern.ch/event/1176398/
http://indico.cern.ch/event/1176398/


ParticleNet: 1902.08570 
Jet-Flavor tagging at FCC-ee: 2210.10322

Selvaggi’s talk at “FCC Phenomenology Workshop” (https://indico.cern.ch/event/1278845/)

Jet flavor taggers @FCC-ee



Distribute events into tag bins

Probabilistic model
ATLAS: 2201.11428 
CMS: 2004.12181 

Faroughy, Kamenik, Szewc, Zupan: 2209.01222

<latexit sha1_base64="UjUgTvw6MIS9Pj0uwznLygfhz0c=">AAACIXicbVDLSsNAFJ3UV62vqEs3g63QQilJEO1GKLpxWcE+oClhMp22QyeTMDMRSuivuPFX3LhQpDvxZ5ymWWjrgbkczrmXO/f4EaNSWdaXkdvY3Nreye8W9vYPDo/M45O2DGOBSQuHLBRdH0nCKCctRRUj3UgQFPiMdPzJ3cLvPBEhacgf1TQi/QCNOB1SjJSWPLNeKnPPr0LuyQq8gW4Cy1bVqlR1tXW1U+5kipMqdgW6s5JnFq2alQKuEzsjRZCh6ZlzdxDiOCBcYYak7NlWpPoJEopiRmYFN5YkQniCRqSnKUcBkf0kvXAGL7QygMNQ6McVTNXfEwkKpJwGvu4MkBrLVW8h/uf1YjWs9xPKo1gRjpeLhjGDKoSLuOCACoIVm2qCsKD6rxCPkUBY6VALOgR79eR10nZq9lXt8sEpNm6zOPLgDJyDMrDBNWiAe9AELYDBM3gF7+DDeDHejE9jvmzNGdnMKfgD4/sH8GKatQ==</latexit>

(nb, ns) = {(0, 0), (0, 1), (1, 0), (2, 0), (0, 2), (1, 1)}

<latexit sha1_base64="LxW4eTNmqjMeQMmUvZ2u3LpjABs="></latexit>

N̄(nb,ns) =
P

f p(nb, ns|f, ⌫)N̄f (⌫)

<latexit sha1_base64="HaMkkfndeq6yCYV2jsTwRwaMcTY=">AAACF3icbVDLSsNAFJ3UV62vqEs3g61QNzUpom6EWjeuSgX7wCaEyXTSDp08mJkIJeQv3Pgrblwo4lZ3/o3TNgttPTBwOOde7pzjRowKaRjfWm5peWV1Lb9e2Njc2t7Rd/faIow5Ji0cspB3XSQIowFpSSoZ6UacIN9lpOOOrid+54FwQcPgTo4jYvtoEFCPYiSV5OiVkuUiDhuOBy9hYmHEYD0t358MLRlC77jhJIqnM+MqLTl60agYU8BFYmakCDI0Hf3L6oc49kkgMUNC9EwjknaCuKSYkbRgxYJECI/QgPQUDZBPhJ1Mc6XwSCl96IVcvUDCqfp7I0G+EGPfVZM+kkMx703E/7xeLL0LO6FBFEsS4NkhL2ZQZZ6UBPuUEyzZWBGEOVV/hXiIOMJSVVlQJZjzkRdJu1oxzyqnt9VirZ7VkQcH4BCUgQnOQQ3cgCZoAQwewTN4BW/ak/aivWsfs9Gclu3sgz/QPn8AIPqdbw==</latexit>

N̄f = B(Z/h ! f)NZ/hA
Expected number of events per channel

Expected number of events per tag bin
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<latexit sha1_base64="XnE2u+s2xAZeo6KHXib2BRb4qaI=">AAACF3icbVDLSgMxFM3UV62vUZdugq1QQYaZIupGKArisop9QGdaMmnahiYzQ5IRy9C/cOOvuHGhiFvd+Tem7SBaPXDh5Jx7yb3HjxiVyrY/jczc/MLiUnY5t7K6tr5hbm7VZBgLTKo4ZKFo+EgSRgNSVVQx0ogEQdxnpO4Pzsd+/ZYIScPgRg0j4nHUC2iXYqS01DatQuIKDi8q1yN4Cl2O7oouiSRl2pQt/+D74bfkPiy0zbxt2RPAv8RJSR6kqLTND7cT4piTQGGGpGw6dqS8BAlFMSOjnBtLEiE8QD3S1DRAnEgvmdw1gnta6cBuKHQFCk7UnxMJ4lIOua87OVJ9OeuNxf+8Zqy6J15CgyhWJMDTj7oxgyqE45BghwqCFRtqgrCgeleI+0ggrHSUOR2CM3vyX1IrWc6RdXhVypfP0jiyYAfsgiJwwDEog0tQAVWAwT14BM/gxXgwnoxX423amjHSmW3wC8b7F++Hno0=</latexit>

FPR = max(✏bs, ✏
s
b)

FCC-ee reach Indirect constraints
<latexit sha1_base64="qnIFLgpTGM6fuUoWnoKsoYkC114=">AAACF3icbVDLTsJAFJ3iC/FVdelmIpjgwqZFgy4JblxiIo+EVjIdpjBhpm1mpiak4S/c+CtuXGiMW935Nw7QhYInucnJOffm3nv8mFGpbPvbyK2srq1v5DcLW9s7u3vm/kFLRonApIkjFomOjyRhNCRNRRUjnVgQxH1G2v7oeuq3H4iQNArv1DgmHkeDkAYUI6WlnmmVUhcjBuuT8tBVEfTlKXQZkVJSDh2r6irKiXTs+/TsfAJLPbNoW/YMcJk4GSmCDI2e+eX2I5xwEirMkJRdx46VlyKhKGZkUnATSWKER2hAupqGSG/z0tlfE3iilT4MIqErVHCm/p5IEZdyzH3dyZEaykVvKv7ndRMVXHkpDeNEkRDPFwUJgzqAaUiwTwXBio01QVhQfSvEQyQQVjrKgg7BWXx5mbQqllO1Lm4rxVo9iyMPjsAxKAMHXIIauAEN0AQYPIJn8ArejCfjxXg3PuatOSObOQR/YHz+AEvrnX8=</latexit>

B(h ! bs) . 1.6⇥ 10�3
<latexit sha1_base64="TYlR0KYdWFTJMG06+nU6BwnSl+4=">AAACF3icbVDLSsNAFJ3UV62vqEs3g61QF4aklKq7UjcuK9gHNLFMppN26GQSZiZCCfkLN/6KGxeKuNWdf+P0sdDqgQuHc+7l3nv8mFGpbPvLyK2srq1v5DcLW9s7u3vm/kFbRonApIUjFomujyRhlJOWooqRbiwICn1GOv74aup37omQNOK3ahITL0RDTgOKkdJS37RKqYsRg42sPHJVBH15Cl1GpJQ0hJdWzVU0JNKx79KzagZLfbNoW/YM8C9xFqQIFmj2zU93EOEkJFxhhqTsOXasvBQJRTEjWcFNJIkRHqMh6WnKkd7mpbO/MniilQEMIqGLKzhTf06kKJRyEvq6M0RqJJe9qfif10tUcOGllMeJIhzPFwUJgzqAaUhwQAXBik00QVhQfSvEIyQQVjrKgg7BWX75L2lXLKdmVW8qxXpjEUceHIFjUAYOOAd1cA2aoAUweABP4AW8Go/Gs/FmvM9bc8Zi5hD8gvHxDVoanYg=</latexit>

B(h ! bs) . 9.6⇥ 10�4

Take common TPR 
and FPR (for plots)



FCC-ee reach Indirect constraints

<latexit sha1_base64="EsOx0htmnfqZVXNo2nnTYijXmYs="></latexit>

L � ysb(s̄LbR)h+ ybs(b̄LsR)h+ h.c.

<latexit sha1_base64="lz7yLZeSyCrb+KYZV/kByKqRxYE=">AAACFXicbVDLSgMxFM3Ud32NunQTbAVBKTNF1KUoghtBwT6gLSWTZtrQTDIkdypl6E+48VfcuFDEreDOvzF9LLT1QODcc+7l5p4gFtyA5307mbn5hcWl5ZXs6tr6xqa7tV02KtGUlagSSlcDYpjgkpWAg2DVWDMSBYJVgu7l0K/0mDZcyXvox6wRkbbkIacErNR0j24I0A4GhStX9/gQ59M6AH7gwig5sPWoDAXpcTXIN92cV/BGwLPEn5AcmuC26X7VW4omEZNABTGm5nsxNFKigVPBBtl6YlhMaJe0Wc1SSSJmGunoqgHet0oLh0rbJwGP1N8TKYmM6UeB7YwIdMy0NxT/82oJhGeNlMs4ASbpeFGYiGEIw4hwi2tGQfQtIVRz+1dMO0QTCjbIrA3Bnz55lpSLBf+kcHxXzJ1fTOJYRrtoDx0gH52ic3SNblEJUfSIntErenOenBfn3fkYt2acycwO+gPn8wfH5Z1d</latexit>

Match to WET + wilson+ flavio

<latexit sha1_base64="dszT0gsHYZtiC7hTP0e9aFCJLxw="></latexit>

LWET � C2(s̄RbL)2 + C 0
2(s̄LbR)

2 + C4(s̄LbR)(s̄RbL)

<latexit sha1_base64="qnIFLgpTGM6fuUoWnoKsoYkC114=">AAACF3icbVDLTsJAFJ3iC/FVdelmIpjgwqZFgy4JblxiIo+EVjIdpjBhpm1mpiak4S/c+CtuXGiMW935Nw7QhYInucnJOffm3nv8mFGpbPvbyK2srq1v5DcLW9s7u3vm/kFLRonApIkjFomOjyRhNCRNRRUjnVgQxH1G2v7oeuq3H4iQNArv1DgmHkeDkAYUI6WlnmmVUhcjBuuT8tBVEfTlKXQZkVJSDh2r6irKiXTs+/TsfAJLPbNoW/YMcJk4GSmCDI2e+eX2I5xwEirMkJRdx46VlyKhKGZkUnATSWKER2hAupqGSG/z0tlfE3iilT4MIqErVHCm/p5IEZdyzH3dyZEaykVvKv7ndRMVXHkpDeNEkRDPFwUJgzqAaUiwTwXBio01QVhQfSvEQyQQVjrKgg7BWXx5mbQqllO1Lm4rxVo9iyMPjsAxKAMHXIIauAEN0AQYPIJn8ArejCfjxXg3PuatOSObOQR/YHz+AEvrnX8=</latexit>

B(h ! bs) . 1.6⇥ 10�3
<latexit sha1_base64="TYlR0KYdWFTJMG06+nU6BwnSl+4=">AAACF3icbVDLSsNAFJ3UV62vqEs3g61QF4aklKq7UjcuK9gHNLFMppN26GQSZiZCCfkLN/6KGxeKuNWdf+P0sdDqgQuHc+7l3nv8mFGpbPvLyK2srq1v5DcLW9s7u3vm/kFbRonApIUjFomujyRhlJOWooqRbiwICn1GOv74aup37omQNOK3ahITL0RDTgOKkdJS37RKqYsRg42sPHJVBH15Cl1GpJQ0hJdWzVU0JNKx79KzagZLfbNoW/YM8C9xFqQIFmj2zU93EOEkJFxhhqTsOXasvBQJRTEjWcFNJIkRHqMh6WnKkd7mpbO/MniilQEMIqGLKzhTf06kKJRyEvq6M0RqJJe9qfif10tUcOGllMeJIhzPFwUJgzqAaUhwQAXBik00QVhQfSvEIyQQVjrKgg7BWX75L2lXLKdmVW8qxXpjEUceHIFjUAYOOAd1cA2aoAUweABP4AW8Go/Gs/FmvM9bc8Zi5hD8gvHxDVoanYg=</latexit>

B(h ! bs) . 9.6⇥ 10�4
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<latexit sha1_base64="TIIvuWL5pKhzONP7/yQEuTkdMwc=">AAACJHicbVDLSsNAFJ34rPUVdelmsBVahJIUUUGEUjcuK9gHNKFMJtN26GQSZyZCCf0YN/6KGxc+cOHGb3HaZqGpBwYO59zLnXO8iFGpLOvLWFpeWV1bz23kN7e2d3bNvf2WDGOBSROHLBQdD0nCKCdNRRUjnUgQFHiMtL3R9dRvPxAhacjv1DgiboAGnPYpRkpLPfOymDgYMViflIaOCqF3X4ZXMKPJMjzJan652DMLVsWaAS4SOyUFkKLRM98dP8RxQLjCDEnZta1IuQkSimJGJnknliRCeIQGpKspRwGRbjILOYHHWvFhPxT6cQVn6u+NBAVSjgNPTwZIDWXWm4r/ed1Y9S/chPIoVoTj+aF+zKBOOW0M+lQQrNhYE4QF1X+FeIgEwkr3mtcl2NnIi6RVrdhnldPbaqFWT+vIgUNwBErABuegBm5AAzQBBo/gGbyCN+PJeDE+jM/56JKR7hyAPzC+fwBsi6GY</latexit>

B(h ! bq) = B(h ! bs) + B(h ! bd)

(TPR, FPR) = (0.8, 0.004)

Medium WP

(TPR, FPR) = (0.8, 0.02)

Medium WP
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<latexit sha1_base64="expYIczrFnOE+8X9nFHFjFaUqoo=">AAACFXicbVDLSgMxFM3UV62vUZdugq1QQctMfS5L3bisYB/QGUsmTdvQZGZMMkIZ5ifc+CtuXCjiVnDn35i2s9DWA4HDOfdyc44XMiqVZX0bmYXFpeWV7GpubX1jc8vc3mnIIBKY1HHAAtHykCSM+qSuqGKkFQqCuMdI0xtejf3mAxGSBv6tGoXE5ajv0x7FSGmpYx4VYgcjBqtJceCoAHr3h9BhREpJOTxzFOVE2tZdfHySwELHzFslawI4T+yU5EGKWsf8croBjjjxFWZIyrZthcqNkVAUM5LknEiSEOEh6pO2pj7S19x4kiqBB1rpwl4g9PMVnKi/N2LEpRxxT09ypAZy1huL/3ntSPUu3Zj6YaSIj6eHehGDOv64ItilgmDFRpogLKj+K8QDJBBWusicLsGejTxPGuWSfV46vSnnK9W0jizYA/ugCGxwASrgGtRAHWDwCJ7BK3gznowX4934mI5mjHRnF/yB8fkDUxSdCQ==</latexit>

B(h ! bq) . 5⇥ 10�3
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FCC-ee reach (no d-tagger)

FCC-ee reach (no u-tagger)
<latexit sha1_base64="u4rXddl7UR1AVRRYmGl1okBiwec=">AAACF3icbVC7TsMwFHXKq5RXgJHFokUqA1FSnmNVFsYi0YfUhMpx3daq40S2g1RF+QsWfoWFAYRYYeNvcNsM0HKkKx2dc6/uvcePGJXKtr+N3NLyyupafr2wsbm1vWPu7jVlGAtMGjhkoWj7SBJGOWkoqhhpR4KgwGek5Y+uJ37rgQhJQ36nxhHxAjTgtE8xUlrqmlYpcTFisJaWh64KIY6PocuIlJIGsGKdu4oGRDr2fXJymsJS1yzalj0FXCRORoogQ71rfrm9EMcB4QozJGXHsSPlJUgoihlJC24sSYTwCA1IR1OO9DYvmf6VwiOt9GA/FLq4glP190SCAinHga87A6SGct6biP95nVj1r7yE8ihWhOPZon7MoA5gEhLsUUGwYmNNEBZU3wrxEAmElY6yoENw5l9eJM2K5VxYZ7eVYrWWxZEHB+AQlIEDLkEV3IA6aAAMHsEzeAVvxpPxYrwbH7PWnJHN7IM/MD5/AFDRnYI=</latexit>

B(h ! cu) . 2.5⇥ 10�3

FCC-ee reach (with u-tagger)
<latexit sha1_base64="e+xYQTD4G/P6dz7FkyR2Mg4Mpyo=">AAACFnicbVDLSsNAFJ3UV62vqEs3g61QFy1Jkeqy1I3LCvYBTSyT6aQdOpOEmYlQQr7Cjb/ixoUibsWdf+O0zUJbDwwczrmXO+d4EaNSWda3kVtb39jcym8Xdnb39g/Mw6OODGOBSRuHLBQ9D0nCaEDaiipGepEgiHuMdL3J9czvPhAhaRjcqWlEXI5GAfUpRkpLA7NSShyMGGym5bGjQojjc+gwIqWkHNardUdRTqRt3SeVi7Q0MItW1ZoDrhI7I0WQoTUwv5xhiGNOAoUZkrJvW5FyEyQUxYykBSeWJEJ4gkakr2mA9DE3mcdK4ZlWhtAPhX6BgnP190aCuJRT7ulJjtRYLnsz8T+vHyv/yk1oEMWKBHhxyI8Z1PlnHcEhFQQrNtUEYUH1XyEeI4Gw0k0WdAn2cuRV0qlV7Xq1dlsrNppZHXlwAk5BGdjgEjTADWiBNsDgETyDV/BmPBkvxrvxsRjNGdnOMfgD4/MH9MudXA==</latexit>

B(h ! cu) . 6.6⇥ 10�4



<latexit sha1_base64="expYIczrFnOE+8X9nFHFjFaUqoo=">AAACFXicbVDLSgMxFM3UV62vUZdugq1QQctMfS5L3bisYB/QGUsmTdvQZGZMMkIZ5ifc+CtuXCjiVnDn35i2s9DWA4HDOfdyc44XMiqVZX0bmYXFpeWV7GpubX1jc8vc3mnIIBKY1HHAAtHykCSM+qSuqGKkFQqCuMdI0xtejf3mAxGSBv6tGoXE5ajv0x7FSGmpYx4VYgcjBqtJceCoAHr3h9BhREpJOTxzFOVE2tZdfHySwELHzFslawI4T+yU5EGKWsf8croBjjjxFWZIyrZthcqNkVAUM5LknEiSEOEh6pO2pj7S19x4kiqBB1rpwl4g9PMVnKi/N2LEpRxxT09ypAZy1huL/3ntSPUu3Zj6YaSIj6eHehGDOv64ItilgmDFRpogLKj+K8QDJBBWusicLsGejTxPGuWSfV46vSnnK9W0jizYA/ugCGxwASrgGtRAHWDwCJ7BK3gznowX4934mI5mjHRnF/yB8fkDUxSdCQ==</latexit>

B(h ! bq) . 5⇥ 10�3
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Indirect constraints
<latexit sha1_base64="nRVULKHRAnK01DPCktzzA4sPXT8=">AAACC3icbVC7TsMwFHXKq5RXgJHFaotUBqqkIGCsysJYJPqQmlA5jtNatZPIdpCqKDsLv8LCAEKs/AAbf4P7GKDlSJaOzrlX1+d4MaNSWda3kVtZXVvfyG8WtrZ3dvfM/YO2jBKBSQtHLBJdD0nCaEhaiipGurEgiHuMdLzR9cTvPBAhaRTeqXFMXI4GIQ0oRkpLfbNYTh2MGGxklaGjIuj5Jw4jUkrKbes+PT3Lyn2zZFWtKeAyseekBOZo9s0vx49wwkmoMENS9mwrVm6KhKKYkazgJJLECI/QgPQ0DREn0k2nWTJ4rBUfBpHQL1Rwqv7eSBGXcsw9PcmRGspFbyL+5/USFVy5KQ3jRJEQzw4FCYM69KQY6FNBsGJjTRAWVP8V4iESCCtdX0GXYC9GXibtWtW+qJ7f1kr1xryOPDgCRVABNrgEdXADmqAFMHgEz+AVvBlPxovxbnzMRnPGfOcQ/IHx+QOffpmF</latexit>

B(h ! bd) . 10�3

Indirect constraints

<latexit sha1_base64="OhgYdJnZweeaaM9gB24yO6qoDWM=">AAACEnicbVC7TsMwFHV4lvIKMLJYtEjtQJVECBirsjAWiT6kJlSO67RW7SSyHaQqyjew8CssDCDEysTG3+C2GaDlSJaOzrlX1+f4MaNSWda3sbK6tr6xWdgqbu/s7u2bB4dtGSUCkxaOWCS6PpKE0ZC0FFWMdGNBEPcZ6fjj66nfeSBC0ii8U5OYeBwNQxpQjJSW+ma1nLoYMdjIKiNXRRAnVZcRKSXljqsoJ9K27tMzJyv3zZJVs2aAy8TOSQnkaPbNL3cQ4YSTUGGGpOzZVqy8FAlFMSNZ0U0kiREeoyHpaRoifcxLZ5EyeKqVAQwioV+o4Ez9vZEiLuWE+3qSIzWSi95U/M/rJSq48lIaxokiIZ4fChIGdfZpP3BABcGKTTRBWFD9V4hHSCCsdItFXYK9GHmZtJ2afVE7v3VK9UZeRwEcgxNQATa4BHVwA5qgBTB4BM/gFbwZT8aL8W58zEdXjHznCPyB8fkDMLacjA==</latexit>

B(h ! cu) . 2⇥ 10�2

FCC-ee reach (no u-tagger)
<latexit sha1_base64="u4rXddl7UR1AVRRYmGl1okBiwec=">AAACF3icbVC7TsMwFHXKq5RXgJHFokUqA1FSnmNVFsYi0YfUhMpx3daq40S2g1RF+QsWfoWFAYRYYeNvcNsM0HKkKx2dc6/uvcePGJXKtr+N3NLyyupafr2wsbm1vWPu7jVlGAtMGjhkoWj7SBJGOWkoqhhpR4KgwGek5Y+uJ37rgQhJQ36nxhHxAjTgtE8xUlrqmlYpcTFisJaWh64KIY6PocuIlJIGsGKdu4oGRDr2fXJymsJS1yzalj0FXCRORoogQ71rfrm9EMcB4QozJGXHsSPlJUgoihlJC24sSYTwCA1IR1OO9DYvmf6VwiOt9GA/FLq4glP190SCAinHga87A6SGct6biP95nVj1r7yE8ihWhOPZon7MoA5gEhLsUUGwYmNNEBZU3wrxEAmElY6yoENw5l9eJM2K5VxYZ7eVYrWWxZEHB+AQlIEDLkEV3IA6aAAMHsEzeAVvxpPxYrwbH7PWnJHN7IM/MD5/AFDRnYI=</latexit>

B(h ! cu) . 2.5⇥ 10�3

FCC-ee reach (with u-tagger)
<latexit sha1_base64="e+xYQTD4G/P6dz7FkyR2Mg4Mpyo=">AAACFnicbVDLSsNAFJ3UV62vqEs3g61QFy1Jkeqy1I3LCvYBTSyT6aQdOpOEmYlQQr7Cjb/ixoUibsWdf+O0zUJbDwwczrmXO+d4EaNSWda3kVtb39jcym8Xdnb39g/Mw6OODGOBSRuHLBQ9D0nCaEDaiipGepEgiHuMdL3J9czvPhAhaRjcqWlEXI5GAfUpRkpLA7NSShyMGGym5bGjQojjc+gwIqWkHNardUdRTqRt3SeVi7Q0MItW1ZoDrhI7I0WQoTUwv5xhiGNOAoUZkrJvW5FyEyQUxYykBSeWJEJ4gkakr2mA9DE3mcdK4ZlWhtAPhX6BgnP190aCuJRT7ulJjtRYLnsz8T+vHyv/yk1oEMWKBHhxyI8Z1PlnHcEhFQQrNtUEYUH1XyEeI4Gw0k0WdAn2cuRV0qlV7Xq1dlsrNppZHXlwAk5BGdjgEjTADWiBNsDgETyDV/BmPBkvxrvxsRjNGdnOMfgD4/MH9MudXA==</latexit>

B(h ! cu) . 6.6⇥ 10�4
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<latexit sha1_base64="LSMqq43kmxuu5RJJNM2AjS/nTkY="></latexit>

✏sb . 10�4 limited by vertexing

<latexit sha1_base64="VF9yKqRGHaedV99Eo0NFAIXRNAU="></latexit>

(TPR,FPR,�✏↵�/✏
↵
� ) B(Z ! bs) (95% CL)

(0.4, 10�4, 1%) 1.8⇥ 10�6

(0.4, 10�4, 0.1%) 1.8⇥ 10�7

(0.2, 10�5, 1%) 4.2⇥ 10�7

(0.2, 10�5, 0.1%) 4.2⇥ 10�8

3-5µm estimated 

Barchetta, Collins, Riedler: 2112.13019

SM level

<latexit sha1_base64="xWaP+AjeOwvQPi5/6AW8r8hllR8=">AAACBnicbZDLSgMxFIYz9VbrbdSlCMFWcFVmiqgboejGZQV7gXZaMulpG5rJDElGKENXbnwVNy4UceszuPNtTNtBtPWHwJf/nENyfj/iTGnH+bIyS8srq2vZ9dzG5tb2jr27V1NhLClUachD2fCJAs4EVDXTHBqRBBL4HOr+8HpSr9+DVCwUd3oUgReQvmA9Rok2Vsc+LLQgUowb9ts+vsQ/V9VWhY6dd4rOVHgR3BTyKFWlY3+2uiGNAxCacqJU03Ui7SVEakY5jHOtWEFE6JD0oWlQkACUl0zXGONj43RxL5TmCI2n7u+JhARKjQLfdAZED9R8bWL+V2vGunfhJUxEsQZBZw/1Yo51iCeZ4C6TQDUfGSBUMvNXTAdEEqpNcjkTgju/8iLUSkX3rHh6W8qXr9I4sugAHaET5KJzVEY3qIKqiKIH9IRe0Kv1aD1bb9b7rDVjpTP76I+sj29WQJhp</latexit>

✏bb = ✏ss

TPR
<latexit sha1_base64="WdDxySGbAE7pFMWIBVWfP1cpO2Q=">AAACEHicbZC7SgNBFIZn4y3G26qlzWAiWoXdIGojBG0sI5gLJJswO3s2GTJ7YWZWCEsewcZXsbFQxNbSzrdxkmwRE38Y+PjPOZw5vxtzJpVl/Ri5ldW19Y38ZmFre2d3z9w/aMgoERTqNOKRaLlEAmch1BVTHFqxABK4HJru8HZSbz6CkCwKH9QoBicg/ZD5jBKlrZ55WupALBnXnCaepOOui6/xvEfdcVeWembRKltT4WWwMyiiTLWe+d3xIpoEECrKiZRt24qVkxKhGOUwLnQSCTGhQ9KHtsaQBCCddHrQGJ9ox8N+JPQLFZ668xMpCaQcBa7uDIgayMXaxPyv1k6Uf+WkLIwTBSGdLfITjlWEJ+lgjwmgio80ECqY/iumAyIIVTrDgg7BXjx5GRqVsn1RPr+vFKs3WRx5dISO0Rmy0SWqojtUQ3VE0RN6QW/o3Xg2Xo0P43PWmjOymUP0R8bXLwIInTU=</latexit>

✏budsc = ✏sudcb

FPR

Experimentalists seem optimist they 
can reach low systematics
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• Goal: assess the potential of FCC-ee to explore FC decays 

• Ingredients:  

• Clean environment of e+e- colliders 

• State-of-the-art and improved flavor taggers 

• Analysis technique we propose 

• Take home messages:  

• Upper limits at FCC-ee are above the SM level 

• Improve limits on Higgs FC couplings 

• Results depend on taggers performances
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Backup slides



Probabilistic model

Flavor conserving decays

<latexit sha1_base64="LQbWRnfIWjC21KkW3HjsEd66pvU="></latexit>

⌫ = {B(h ! f), B(Z ! f 0), ✏↵� , NZ/h,A}

Efficiencies are implicit function of the nuisance parameters

<latexit sha1_base64="a91AHN4hzaDe9TkmYYdFcoIjFXo="></latexit>

p(nb;1|j1) = Binom(nb;1, 1, ✏b1)

<latexit sha1_base64="ekkbcARChPn49sDcVIpsyY9yx8g="></latexit>

p(ns;1|j1, nb;1) = Binom
⇣
ns;1, 1� nb;1,

✏s1
1�✏b1

⌘

<latexit sha1_base64="esvJV6G9QR2KEMsGQWQElWJcwck="></latexit>

p(nb, ns|f, ⌫) =
min(nb,1)X

nb;1=0

min(ns,1�nb;1)X

ns;1=0

p(nb;1|j1)p(ns;1|j1, nb;1)p(nb;2|j2)p(ns;2|j2, nb;2)

<latexit sha1_base64="0Z2j0WLCNAJwTWcb5H2t7+7YG2E="></latexit>

p(nb, ns|f, ⌫) = Binom(nb, 2, ✏
b
1)Binom

✓
ns, 2� nb,

✏s1
1� ✏b1

◆



Likelihood 

Profile likelihood ratio

<latexit sha1_base64="9hCMZKih4OLKqIURJpwUtPBckf4="></latexit>

L(µ, ⌫) = P(N(nb,ns)|N̄(nb,ns)(µ, ⌫))p(⌫)

<latexit sha1_base64="aMH+Wyo9P3G5gWQkI+x2mesfwbc="></latexit>

P(k|�) = �ke��

k!

<latexit sha1_base64="vArivp5cQ68ZMtt/tO6uaiR8WVA=">AAACjnicbVHLTtwwFHXS0sL0QYAlXVgdVWIQGiWoomwQCDYsugCpA0iT0chxbmYsbCf1A3UUZcs/8g/d9A9wHkIM9Eq2js65Lx8nBWfahOGD5795u/Lu/epa78PHT5/Xg43NK51bRWFEc56rm4Ro4EzCyDDD4aZQQETC4Tq5Pav16ztQmuXyl1kUMBFkJlnGKDGOmgb3cQIzJkv4bRtmt+phFzF3LVKyEws7OGqZTBFaxoKYOS W8/FnV2l48J6ZsL2mrhhsMquW0RhW22nvKG1S9GGT6bOg06IfDsAn8GkQd6KMuLqbBvzjNqRUgDeVE63EUFmZSEmUY5eD6Ww0FobdkBmMHJRGgJ2XjV4W/OSbFWa7ckQY37POKkgitFyJxmfVD9EutJv+nja3JDiclk4U1IGk7KLMcmxzX5uOUKaCGLxwgVDG3K6Zz4ow17ouWOqV3rNDd1n/atZ1H0UtHXoOr/WF0MPx+ud8/Oe3cWkXb6CvaQRH6gU7QObpAI0TRX2/T2/a++IF/4B/5x22q73U1W2gp/PNHpjTI9A==</latexit>

�(µ) =
L(µ, ˆ̂⌫(µ))
L(µ̂, ⌫̂)

<latexit sha1_base64="ooWbx6rbfWmWOTIxqB6Dv3APKK4=">AAACUHicbVBNSxxBEK3ZGDVj1DUec2lcBBNwmVnE5CKIuXjwoOCqsLMsPT21a7M9PWN3jbgM85f8MeIlB/MfcvOW9H4Ifj1o+vFeVXX1i3MlLQXBb6/2Ye7j/MLiJ3/p8/LKan3ty5nNCiOwLTKVmYuYW1RSY5skKbzIDfI0VngeD3+N/fNrNFZm+pRGOXZTPtCyLwUnJ/Xqh1GMA6lLvComyvfKZw7UK6O0qPbYdisivKGSHW lWRcoNTviWs775EerkWVuv3giawQTsLQlnpAEzHPfqf6MkE0WKmoTi1nbCIKduyQ1JobDyo8JizsWQD7DjqOYp2m45+XHFNp2SsH5m3NHEJurzjpKn1o7S2FWmnC7ta28svud1Cur/7JZS5wWhFtOH+oVilLFxfCyRBgWpkSNcGOl2ZeKSGy7IhfxiUnItczvb+ma6tssofJ3IW3LWaoa7zZ2TVmP/YJbWInyFDdiCEH7APhzCMbRBwC3cwwP88e68R+9fzZuWPt2wDi9Q8/8D+Pe08A==</latexit>

tµ = �2 Ln �(µ)

Poisson dist.

<latexit sha1_base64="hk04ukBXpM/DD0szYiBQI1UOojc="></latexit>

p(⌫) =
Y

i

N (⌫i,0; ⌫i,�i)

Constrained to nominal values 
by other measurements

<latexit sha1_base64="b42//05m/fDOyDyg9KovcZXw1mE="></latexit>

ˆ̂⌫(µ), µ̂, ⌫̂ are maximum likelihood estimates (MLE)

Test statistics

Cowan, Cranmer, Gross, Vitells: 1007.1727

Confidence interval
<latexit sha1_base64="roEXT8QwexNjIZEhuFdZXny0IiY="></latexit>

µtrue = 1, solve for tµ = 1 (68%)

Upper limits
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NP model: Vector-like Quarks (1)

Both h and Z couplings generated

<latexit sha1_base64="EbXVDP+99V6f8whKeQO31C6OtEk="></latexit>

�Lint � y
ij
d q̄

i
LHd

j
R + y

ij
u q̄

i
LH̃u

j
R + y

i
D q̄

i
LHDR +MDD̄LDR + h.c. ,

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

Introduce SUL(2) singlets (DL, DR) with Y = �1/3

<latexit sha1_base64="LaYyDvWdsA7OiB42v3CAyW3r3uQ="></latexit>

LD
VLQ � g

2cW
Xd

ij

�
d̄i�µPLd

j
�
Zµ +Xd

ij
mj

v

�
d̄iPRd

j
�
h+ h.c. ,

<latexit sha1_base64="DyUHI3u7afJ9YVF1RTKzQc/b304="></latexit>

gLsb =
g

2cW

�
Xd

sb +Xd⇤
bs

�
, gRsb = 0, ysb = Xd

sbmb/v, ybs = Xd
bsms/v



Both h and Z couplings generated

<latexit sha1_base64="EbXVDP+99V6f8whKeQO31C6OtEk="></latexit>

�Lint � y
ij
d q̄

i
LHd

j
R + y

ij
u q̄

i
LH̃u

j
R + y

i
D q̄

i
LHDR +MDD̄LDR + h.c. ,

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

Introduce SUL(2) singlets (DL, DR) with Y = �1/3

<latexit sha1_base64="LaYyDvWdsA7OiB42v3CAyW3r3uQ="></latexit>

LD
VLQ � g

2cW
Xd

ij

�
d̄i�µPLd

j
�
Zµ +Xd

ij
mj

v

�
d̄iPRd

j
�
h+ h.c. ,

<latexit sha1_base64="DyUHI3u7afJ9YVF1RTKzQc/b304="></latexit>

gLsb =
g

2cW

�
Xd

sb +Xd⇤
bs

�
, gRsb = 0, ysb = Xd

sbmb/v, ybs = Xd
bsms/v

1

−0.1 0.0 0.1

Xd
sb −Xd

bs

−6

−4

−2

0
X

d sb
+
X

d bs

×10−5

NP model: Vector-like Quarks (1)



NP model: Vector-like Quarks (2)

Both h and Z couplings generated
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NP model: Vector-like Quarks (2)

Both h and Z couplings generated
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NP model: Two Higgs Doublet Model 
Type III: no discrete symmetry preventing FCNCs
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NP model: Two Higgs Doublet Model 
Type III: no discrete symmetry preventing FCNCs
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NP model: Two Higgs Doublet Model 
Type III: no discrete symmetry preventing FCNCs
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NP model: Two Higgs Doublet Model 
Type III: no discrete symmetry preventing FCNCs
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<latexit sha1_base64="719sJ9clxKYWYjE51vc9UKqn8go="></latexit>
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<latexit sha1_base64="/plR7EAIed5ldDwINeVcnpdyUmE=">AAACHnicbVDLSgMxFM34rPVVdekmWAQRKTPF10aouumyQl/QlpJJb9vQJDMmGaEM9Ufc+CtuXCgiuNK/MX0sauuBwOGcc5Pc44ecaeO6P87C4tLyympiLbm+sbm1ndrZLesgUhRKNOCBqvpEA2cSSoYZDtVQARE+h4rfux36lQdQmgWyaPohNATpSNZmlBgrNVNndR86TMZwH42U40FSNOP8yfXgynuM60rgIpQHyTrI1lSmmUq7GXcEPE+8CUmjCQrN1Fe9FdBIgDSUE61rnhuaRkyUYZSDvT/SEBLaIx2oWSqJAN2IR+sN8KFVWrgdKHukwSN1eiImQuu+8G1SENPVs95Q/M+rRaZ92YiZDCMDko4fakccmwAPu8ItpoAa3reEUMXsXzHtEkWosY0mbQne7MrzpJzNeOeZ07tsOnczqSOB9tEBOkIeukA5lEcFVEIUPaEX9IbenWfn1flwPsfRBWcys4f+wPn+BV38oqM=</latexit>

mH,A = 1 TeV

<latexit sha1_base64="rxCGoiAHe2sJPUrEhDWeDm4NwYk=">AAACGnicbZDLSsNAFIYn9VbjLerSTbAI4qIkRdSNUHTjsoK9QBPKZHLaDp1M4sxEKKHP4cZXceNCEXfixrdxmmahrQcGfr7/HM6cP0gYlcpxvo3S0vLK6lp53dzY3NresXb3WjJOBYEmiVksOgGWwCiHpqKKQScRgKOAQTsYXU/99gMISWN+p8YJ+BEecNqnBCuNepbrBTCgPIP7NCcnE9OTlHuYJUN86VQd1/SAh7/8nlXROC97UbiFqKCiGj3r0wtjkkbAFWFYyq7rJMrPsFCUMND7UgkJJiM8gK6WHEcg/Sw/bWIfaRLa/Vjox5Wd098TGY6kHEeB7oywGsp5bwr/87qp6l/4GeVJqoCT2aJ+ymwV29Oc7JAKIIqNtcBEUP1XmwyxwETpNE0dgjt/8qJo1aruWfX0tlapXxVxlNEBOkTHyEXnqI5uUAM1EUGP6Bm9ojfjyXgx3o2PWWvJKGb20Z8yvn4A0M2guA==</latexit>

sin↵ = 0.01
<latexit sha1_base64="V1OfQn86dtCCXvbJQr9jRmK3BPs=">AAACGXicbVBNS8NAEN3Ur1q/oh69LBZBPISkiHoRil48VrAf0JSy2U7apZtN3N0IJfRvePGvePGgiEc9+W/cpj1o64OBx3szzMwLEs6Udt1vq7C0vLK6VlwvbWxube/Yu3sNFaeSQp3GPJatgCjgTEBdM82hlUggUcChGQyvJ37zAaRisbjTowQ6EekLFjJKtJG6tusH0Gcig/s0V07GJV8x4ROeDMil63glH0Tvl921y67j5sCLxJuRMpqh1rU//V5M0wiEppwo1fbcRHcyIjWjHMy6VEFC6JD0oW2oIBGoTpZ/NsZHRunhMJamhMa5+nsiI5FSoygwnRHRAzXvTcT/vHaqw4tOxkSSahB0uihMOdYxnsSEe0wC1XxkCKGSmVsxHRBJqDZhlkwI3vzLi6RRcbwz5/S2Uq5ezeIoogN0iI6Rh85RFd2gGqojih7RM3pFb9aT9WK9Wx/T1oI1m9lHf2B9/QBT5qB+</latexit>

sin↵ = 0.1
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Bh→cu = 2.5× 10−3

Bh→cu = 2.9× 10−3

Bh→cu = 16%
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