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Leptoquarks in b → sll
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SM interactions cannot mix colorless leptons into colored quarks 

GUT gauge bosons and scalars do convert between leptons/quarks 

Leptoquarks (LQs) are colored triplet bosons, originating from GUT 
scalar representations or from GUT gauge bosons 
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Leptons and quarks

SU(3)c ⇥ SU(2)L ⇥ U(1)Y
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<latexit sha1_base64="yQr/DgboNJj+z+YrfdOMnGgMmR0=">AAACH3icbVBNS8NAEN3Urxq/oh69LBbBU0nEr4tQ9OKxgq2FppbNZtou3WzC7kYsof/Ei3/FiwdFxFv/jds2iLYODLx9b2Z25gUJZ0q77sgqLCwuLa8UV+219Y3NLWd7p67iVFKo0ZjHshEQBZwJqGmmOTQSCSQKONwF/auxfvcAUrFY3OpBAq2IdAXrMEq0odrOqR8QiU/wBfYD6DKRJRHRkj0ObV+kvm+DyfA+o+YNIvxR207JLbuTwPPAy0EJ5VFtO19+GNM0AqEpJ0o1PTfRrYxIzSgHMz1VkBDaJ11oGihIBKqVTe4b4gPDhLgTS5NC4wn7uyMjkVKDKDCVZr+emtXG5H9aM9Wd81bGRJJqEHT6USflWMd4bBYOmQSq+cAAQiUzu2LaI5JQbSy1jQne7MnzoH5U9gy+OS5VLnM7imgP7aND5KEzVEHXqIpqiKIn9ILe0Lv1bL1aH9bntLRg5T276E9Yo28beaJx</latexit><latexit sha1_base64="yQr/DgboNJj+z+YrfdOMnGgMmR0=">AAACH3icbVBNS8NAEN3Urxq/oh69LBbBU0nEr4tQ9OKxgq2FppbNZtou3WzC7kYsof/Ei3/FiwdFxFv/jds2iLYODLx9b2Z25gUJZ0q77sgqLCwuLa8UV+219Y3NLWd7p67iVFKo0ZjHshEQBZwJqGmmOTQSCSQKONwF/auxfvcAUrFY3OpBAq2IdAXrMEq0odrOqR8QiU/wBfYD6DKRJRHRkj0ObV+kvm+DyfA+o+YNIvxR207JLbuTwPPAy0EJ5VFtO19+GNM0AqEpJ0o1PTfRrYxIzSgHMz1VkBDaJ11oGihIBKqVTe4b4gPDhLgTS5NC4wn7uyMjkVKDKDCVZr+emtXG5H9aM9Wd81bGRJJqEHT6USflWMd4bBYOmQSq+cAAQiUzu2LaI5JQbSy1jQne7MnzoH5U9gy+OS5VLnM7imgP7aND5KEzVEHXqIpqiKIn9ILe0Lv1bL1aH9bntLRg5T276E9Yo28beaJx</latexit><latexit sha1_base64="yQr/DgboNJj+z+YrfdOMnGgMmR0=">AAACH3icbVBNS8NAEN3Urxq/oh69LBbBU0nEr4tQ9OKxgq2FppbNZtou3WzC7kYsof/Ei3/FiwdFxFv/jds2iLYODLx9b2Z25gUJZ0q77sgqLCwuLa8UV+219Y3NLWd7p67iVFKo0ZjHshEQBZwJqGmmOTQSCSQKONwF/auxfvcAUrFY3OpBAq2IdAXrMEq0odrOqR8QiU/wBfYD6DKRJRHRkj0ObV+kvm+DyfA+o+YNIvxR207JLbuTwPPAy0EJ5VFtO19+GNM0AqEpJ0o1PTfRrYxIzSgHMz1VkBDaJ11oGihIBKqVTe4b4gPDhLgTS5NC4wn7uyMjkVKDKDCVZr+emtXG5H9aM9Wd81bGRJJqEHT6USflWMd4bBYOmQSq+cAAQiUzu2LaI5JQbSy1jQne7MnzoH5U9gy+OS5VLnM7imgP7aND5KEzVEHXqIpqiKIn9ILe0Lv1bL1aH9bntLRg5T276E9Yo28beaJx</latexit><latexit sha1_base64="yQr/DgboNJj+z+YrfdOMnGgMmR0=">AAACH3icbVBNS8NAEN3Urxq/oh69LBbBU0nEr4tQ9OKxgq2FppbNZtou3WzC7kYsof/Ei3/FiwdFxFv/jds2iLYODLx9b2Z25gUJZ0q77sgqLCwuLa8UV+219Y3NLWd7p67iVFKo0ZjHshEQBZwJqGmmOTQSCSQKONwF/auxfvcAUrFY3OpBAq2IdAXrMEq0odrOqR8QiU/wBfYD6DKRJRHRkj0ObV+kvm+DyfA+o+YNIvxR207JLbuTwPPAy0EJ5VFtO19+GNM0AqEpJ0o1PTfRrYxIzSgHMz1VkBDaJ11oGihIBKqVTe4b4gPDhLgTS5NC4wn7uyMjkVKDKDCVZr+emtXG5H9aM9Wd81bGRJJqEHT6USflWMd4bBYOmQSq+cAAQiUzu2LaI5JQbSy1jQne7MnzoH5U9gy+OS5VLnM7imgP7aND5KEzVEHXqIpqiKIn9ILe0Lv1bL1aH9bntLRg5T276E9Yo28beaJx</latexit>

5̄ 10 5H ! YuluLeLS1 + · · ·
<latexit sha1_base64="lFuoHRpbYsI1Yiba8RKybP8a9R8="></latexit><latexit sha1_base64="lFuoHRpbYsI1Yiba8RKybP8a9R8="></latexit><latexit sha1_base64="lFuoHRpbYsI1Yiba8RKybP8a9R8="></latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="4b9I9cfka4R9vFegkDxMJAR87Ao=">AAACHHicbZBLSwMxFIXv+Ky16ujWTbAIgkVmhKIrEdx04aKifUhThkwmtaGZh3kIZei/ceNfcSOoiP4b08dCqwcufJyTkNwTZoIr7XlfzsLi0vLKamGtuF7a2Nxyt0tNlRpJWYOmIpXtkCgmeMIammvB2plkJA4Fa4WDi3HeemBS8TS50cOMdWNyl/Aep0RbK3DPcEgkquIK8j1cwZVqUEP43pAIYZ3O6DbIjRghE1wiZuc68NEhwjRKtQrcsnfkTYT+gj+DMsxUD9xXHKXUxCzRVBClOr6X6W5OpOZUsFERG8UyQgfkjnUsJiRmqptP9hyhfetEqJdKO4lGE/fnjZzESg3j0J6Mie6r+Wxs/pd1jO6ddnOeZEazhE4f6hmBbAXj0lDEJaNaDC0QKrn9K6J9IgnVttqiLcGfX/kvNI+PfMtXHhRgF/bgAHw4gXOoQR0aQOERnuEN3p0n58X5mNa14Mx624Ffcj6/AXqWoRU=</latexit><latexit sha1_base64="4b9I9cfka4R9vFegkDxMJAR87Ao=">AAACHHicbZBLSwMxFIXv+Ky16ujWTbAIgkVmhKIrEdx04aKifUhThkwmtaGZh3kIZei/ceNfcSOoiP4b08dCqwcufJyTkNwTZoIr7XlfzsLi0vLKamGtuF7a2Nxyt0tNlRpJWYOmIpXtkCgmeMIammvB2plkJA4Fa4WDi3HeemBS8TS50cOMdWNyl/Aep0RbK3DPcEgkquIK8j1cwZVqUEP43pAIYZ3O6DbIjRghE1wiZuc68NEhwjRKtQrcsnfkTYT+gj+DMsxUD9xXHKXUxCzRVBClOr6X6W5OpOZUsFERG8UyQgfkjnUsJiRmqptP9hyhfetEqJdKO4lGE/fnjZzESg3j0J6Mie6r+Wxs/pd1jO6ddnOeZEazhE4f6hmBbAXj0lDEJaNaDC0QKrn9K6J9IgnVttqiLcGfX/kvNI+PfMtXHhRgF/bgAHw4gXOoQR0aQOERnuEN3p0n58X5mNa14Mx624Ffcj6/AXqWoRU=</latexit><latexit sha1_base64="b2g7KELuPArGDKWK+WdVvDrSBqY="></latexit><latexit sha1_base64="lFuoHRpbYsI1Yiba8RKybP8a9R8="></latexit><latexit sha1_base64="lFuoHRpbYsI1Yiba8RKybP8a9R8="></latexit><latexit sha1_base64="lFuoHRpbYsI1Yiba8RKybP8a9R8="></latexit><latexit sha1_base64="lFuoHRpbYsI1Yiba8RKybP8a9R8="></latexit><latexit sha1_base64="lFuoHRpbYsI1Yiba8RKybP8a9R8="></latexit><latexit sha1_base64="lFuoHRpbYsI1Yiba8RKybP8a9R8="></latexit>

5S = H(1, 2, 1/3)� S
⇤
1 (3, 1,�1/3)
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Leading order LQ effects expected in neutral and charged semileptonic 
processes 

Loop suppression of meson mixing and leptonic LFV 
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Semileptonic processes, natural arena for LQs
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<latexit sha1_base64="XfSOLgSWvu62iSsoCLBWBRzWufQ="></latexit><latexit sha1_base64="XfSOLgSWvu62iSsoCLBWBRzWufQ="></latexit><latexit sha1_base64="XfSOLgSWvu62iSsoCLBWBRzWufQ="></latexit><latexit sha1_base64="XfSOLgSWvu62iSsoCLBWBRzWufQ="></latexit>



LQs are colored and are directly produced→ their mass must be above 
~TeV 

Matching onto SMeff, resulting in low-energy effective interactions 
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Scalar LQs in b→sll

vector(axial)

dipole

Hb!sll
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LFU in B→K(*)𝓵+𝓵-

RK(⇤) =
B(B ! K(⇤)µ+µ�)

B(B ! K(⇤)e+e�)
<latexit sha1_base64="2JiBUfhkYZvBwBw5oyiiEwOq6Wk="></latexit><latexit sha1_base64="2JiBUfhkYZvBwBw5oyiiEwOq6Wk="></latexit><latexit sha1_base64="2JiBUfhkYZvBwBw5oyiiEwOq6Wk="></latexit><latexit sha1_base64="2JiBUfhkYZvBwBw5oyiiEwOq6Wk="></latexit>

[Kruger, Hiller ’03] 
[LHCb ’14, ’16] 
[Bordone, Isidori, Pattori ‘16]

Systematically lower  
than SM prediction
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b → sll global picture

Global fit of all observables does not dilute the significance observed in LFU 

See also [Capdevilla et al ’17, Geng et al ’17]

Strong indications of destructive NP * SM  
interference in C9 

Possible C10, C10 = -C9 is theoretically  
attractive 

(S)calar and (P)seudoscalar operators 
enhance Br(Bs → µµ)  by  ~(mB/mµ)2 

[Altmannshofer et al ’17]

B ! K(⇤)µ+µ�

Bs ! �µ+µ�

Bs ! µ+µ�

Si, P
(0)
i
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LQs in b→sll

[Hiller, Schmaltz ’14] 
[Hiller, Nisandzic  ’17]

SCALARS tree loop

S3 C9 = -C10

R2 C9 = C10 C9 = -C10

~R2 C’9 = -C’10

~S1 C’9 = C’10

S1 C9 , C10

C9 = -C10

[Neubert, Bauer  ’15]

[Becirevic, Sumensari  ’17]



"8

LQs in b→sll

[Hiller, Schmaltz ’14] 
[Hiller, Nisandzic  ’17]

VECTORS tree loop

U3 C9 = -C10

V2 C9 = C10 ,…

~U1 C9

U1 C9 = -C10 ,…

C9 = -C10

[Talk by D. A. Faroughy]



Quantum numbers (3̅,3,1/3) allow for a single LQ Yukawa

"9

S3 scalar LQ

y ~S3 · Q̄ci⌧2~⌧L
<latexit sha1_base64="VYuNAbsgKWJJGjVHvRyOyacfHT4="></latexit><latexit sha1_base64="VYuNAbsgKWJJGjVHvRyOyacfHT4="></latexit><latexit sha1_base64="VYuNAbsgKWJJGjVHvRyOyacfHT4="></latexit><latexit sha1_base64="RuSrDPmclvYYQsNHyXYaYSoj6fI="></latexit><latexit sha1_base64="yIkOy3lZshaqslBotxXojrSycvU="></latexit><latexit sha1_base64="yIkOy3lZshaqslBotxXojrSycvU="></latexit><latexit sha1_base64="xLRpsSqOU1TazxuXDEpSkluxFWY="></latexit><latexit sha1_base64="VYuNAbsgKWJJGjVHvRyOyacfHT4="></latexit><latexit sha1_base64="VYuNAbsgKWJJGjVHvRyOyacfHT4="></latexit><latexit sha1_base64="VYuNAbsgKWJJGjVHvRyOyacfHT4="></latexit><latexit sha1_base64="VYuNAbsgKWJJGjVHvRyOyacfHT4="></latexit><latexit sha1_base64="VYuNAbsgKWJJGjVHvRyOyacfHT4="></latexit><latexit sha1_base64="VYuNAbsgKWJJGjVHvRyOyacfHT4="></latexit>
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µ, τ

ybµysµ
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S3

⇡ 10�3

TeV2
<latexit sha1_base64="BGDHSyrEx82kgAf6PrLgxDbGpD4="></latexit><latexit sha1_base64="BGDHSyrEx82kgAf6PrLgxDbGpD4="></latexit><latexit sha1_base64="BGDHSyrEx82kgAf6PrLgxDbGpD4="></latexit><latexit sha1_base64="BGDHSyrEx82kgAf6PrLgxDbGpD4="></latexit>

⇡ �0.6
<latexit sha1_base64="FoS7t0/75ch+di5VcQdbH05RMwc=">AAACLnicbVDLSgMxFM34rPXV6tJNsAhuLDMi6rLoxmUFq0JnKJnMrQbzIsmoZZjfcKuf4NcILsStn2H6WGj1QODknHu5h5NqzqwLw/dgZnZufmGxslRdXlldW6/VNy6tyg2FDlVcmeuUWOBMQscxx+FaGyAi5XCV3p0O/at7MJYpeeEGGhJBbiTrM0qcl+KYaG3UI94Lm4e9WiNshiPgvySakAaaoN2rBytxpmguQDrKibXdKNQuKYhxjHIoq3FuQRN6R26g66kkAmxSjEKXeMcrGe4r4590eKT+3CiIsHYgUj8piLu1095Q/M/r5q5/nBRM6tyBpOND/Zxjp/CwAZwxA9TxgSeEGuazYnpLDKHO9/TryjhpNZbwQJUQRGZFbCAru1FSFPHILYZ/3IjKsur7i6bb+ksu95uR5+cHjdbJpMkK2kLbaBdF6Ai10Blqow6iSKMn9IxegtfgLfgIPsejM8FkZxP9QvD1DZDdp9s=</latexit><latexit sha1_base64="FoS7t0/75ch+di5VcQdbH05RMwc=">AAACLnicbVDLSgMxFM34rPXV6tJNsAhuLDMi6rLoxmUFq0JnKJnMrQbzIsmoZZjfcKuf4NcILsStn2H6WGj1QODknHu5h5NqzqwLw/dgZnZufmGxslRdXlldW6/VNy6tyg2FDlVcmeuUWOBMQscxx+FaGyAi5XCV3p0O/at7MJYpeeEGGhJBbiTrM0qcl+KYaG3UI94Lm4e9WiNshiPgvySakAaaoN2rBytxpmguQDrKibXdKNQuKYhxjHIoq3FuQRN6R26g66kkAmxSjEKXeMcrGe4r4590eKT+3CiIsHYgUj8piLu1095Q/M/r5q5/nBRM6tyBpOND/Zxjp/CwAZwxA9TxgSeEGuazYnpLDKHO9/TryjhpNZbwQJUQRGZFbCAru1FSFPHILYZ/3IjKsur7i6bb+ksu95uR5+cHjdbJpMkK2kLbaBdF6Ai10Blqow6iSKMn9IxegtfgLfgIPsejM8FkZxP9QvD1DZDdp9s=</latexit><latexit sha1_base64="FoS7t0/75ch+di5VcQdbH05RMwc=">AAACLnicbVDLSgMxFM34rPXV6tJNsAhuLDMi6rLoxmUFq0JnKJnMrQbzIsmoZZjfcKuf4NcILsStn2H6WGj1QODknHu5h5NqzqwLw/dgZnZufmGxslRdXlldW6/VNy6tyg2FDlVcmeuUWOBMQscxx+FaGyAi5XCV3p0O/at7MJYpeeEGGhJBbiTrM0qcl+KYaG3UI94Lm4e9WiNshiPgvySakAaaoN2rBytxpmguQDrKibXdKNQuKYhxjHIoq3FuQRN6R26g66kkAmxSjEKXeMcrGe4r4590eKT+3CiIsHYgUj8piLu1095Q/M/r5q5/nBRM6tyBpOND/Zxjp/CwAZwxA9TxgSeEGuazYnpLDKHO9/TryjhpNZbwQJUQRGZFbCAru1FSFPHILYZ/3IjKsur7i6bb+ksu95uR5+cHjdbJpMkK2kLbaBdF6Ai10Blqow6iSKMn9IxegtfgLfgIPsejM8FkZxP9QvD1DZDdp9s=</latexit><latexit sha1_base64="FoS7t0/75ch+di5VcQdbH05RMwc=">AAACLnicbVDLSgMxFM34rPXV6tJNsAhuLDMi6rLoxmUFq0JnKJnMrQbzIsmoZZjfcKuf4NcILsStn2H6WGj1QODknHu5h5NqzqwLw/dgZnZufmGxslRdXlldW6/VNy6tyg2FDlVcmeuUWOBMQscxx+FaGyAi5XCV3p0O/at7MJYpeeEGGhJBbiTrM0qcl+KYaG3UI94Lm4e9WiNshiPgvySakAaaoN2rBytxpmguQDrKibXdKNQuKYhxjHIoq3FuQRN6R26g66kkAmxSjEKXeMcrGe4r4590eKT+3CiIsHYgUj8piLu1095Q/M/r5q5/nBRM6tyBpOND/Zxjp/CwAZwxA9TxgSeEGuazYnpLDKHO9/TryjhpNZbwQJUQRGZFbCAru1FSFPHILYZ/3IjKsur7i6bb+ksu95uR5+cHjdbJpMkK2kLbaBdF6Ai10Blqow6iSKMn9IxegtfgLfgIPsejM8FkZxP9QvD1DZDdp9s=</latexit>



Small effect, effectively hidden from other FCNC
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S3 scalar LQ

LQ LQ

b

s̄

s̄

b

~

ybµysµ
m2

S3

⇡ 10�3

TeV2
<latexit sha1_base64="BGDHSyrEx82kgAf6PrLgxDbGpD4="></latexit><latexit sha1_base64="BGDHSyrEx82kgAf6PrLgxDbGpD4="></latexit><latexit sha1_base64="BGDHSyrEx82kgAf6PrLgxDbGpD4="></latexit><latexit sha1_base64="BGDHSyrEx82kgAf6PrLgxDbGpD4="></latexit>

NB. Even with couplings to tau, 
RD(*) does not work (B → Kνν)

[Dorsner et al  ’17]

(ybµysµ)2

m2
S3

⇡
✓
10�3

TeV2

◆2

m2
S3

<latexit sha1_base64="EV8iA46meAmGSUUc8h4iGyUupjQ="></latexit><latexit sha1_base64="EV8iA46meAmGSUUc8h4iGyUupjQ="></latexit><latexit sha1_base64="EV8iA46meAmGSUUc8h4iGyUupjQ="></latexit><latexit sha1_base64="RuSrDPmclvYYQsNHyXYaYSoj6fI="></latexit><latexit sha1_base64="3ZYsOmkPGcchHC8lNc+PQ/jON94="></latexit><latexit sha1_base64="3ZYsOmkPGcchHC8lNc+PQ/jON94="></latexit><latexit sha1_base64="Hh6gUdLBZxinN3OGdjdI1v8UcRs="></latexit><latexit sha1_base64="EV8iA46meAmGSUUc8h4iGyUupjQ="></latexit><latexit sha1_base64="EV8iA46meAmGSUUc8h4iGyUupjQ="></latexit><latexit sha1_base64="EV8iA46meAmGSUUc8h4iGyUupjQ="></latexit><latexit sha1_base64="EV8iA46meAmGSUUc8h4iGyUupjQ="></latexit><latexit sha1_base64="EV8iA46meAmGSUUc8h4iGyUupjQ="></latexit><latexit sha1_base64="EV8iA46meAmGSUUc8h4iGyUupjQ="></latexit>

mass enhanced!

[Freytsis et al  ’15]



Focussing only on b→sll explanation, expect signals in  

   - direct searches bb, sb, ss → µµ 

 - (g-2)µ  

 - If LQ is very heavy ~100 TeV,  
   deviations in Bs mixing 

 - To address RD* have to add 
   another LQ 
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S3 scalar LQ

[“Anomalies tails at high pT”,  talk by A. Greljo] 

→ S3 and R2 [talk by O. Sumensari] 

→ S3 and S1 [talk by D. Marzzocca] 



R2 (3,2,7/6)
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Loop LQs for b → sll

YRQ̄`RR2 + YLūRL eR†
2

<latexit sha1_base64="boawVB8/zgXdIO9QtHMlDp2Og9E="></latexit><latexit sha1_base64="boawVB8/zgXdIO9QtHMlDp2Og9E="></latexit><latexit sha1_base64="boawVB8/zgXdIO9QtHMlDp2Og9E="></latexit><latexit sha1_base64="RuSrDPmclvYYQsNHyXYaYSoj6fI="></latexit><latexit sha1_base64="nfmq+Z9Dj0hri2D5Hf3e0FckKoI="></latexit><latexit sha1_base64="nfmq+Z9Dj0hri2D5Hf3e0FckKoI="></latexit><latexit sha1_base64="Uw4McbhfYztqUNSnRg6nAQtE0ds="></latexit><latexit sha1_base64="boawVB8/zgXdIO9QtHMlDp2Og9E="></latexit><latexit sha1_base64="boawVB8/zgXdIO9QtHMlDp2Og9E="></latexit><latexit sha1_base64="boawVB8/zgXdIO9QtHMlDp2Og9E="></latexit><latexit sha1_base64="boawVB8/zgXdIO9QtHMlDp2Og9E="></latexit><latexit sha1_base64="boawVB8/zgXdIO9QtHMlDp2Og9E="></latexit><latexit sha1_base64="boawVB8/zgXdIO9QtHMlDp2Og9E="></latexit>

tree

loop

C9 = C10 ⇠ YR,bµYR,sµ
<latexit sha1_base64="kT2qmeXhzW4DK+MV2vvrn6KfX0g="></latexit><latexit sha1_base64="kT2qmeXhzW4DK+MV2vvrn6KfX0g="></latexit><latexit sha1_base64="kT2qmeXhzW4DK+MV2vvrn6KfX0g="></latexit><latexit sha1_base64="kT2qmeXhzW4DK+MV2vvrn6KfX0g="></latexit>

X

i,i0

VibV ⇤
i0s

VtbV ⇤
ts

yL,i0µy
⇤
L,iµF (mi,mi0)

<latexit sha1_base64="LCKD0kUvz87FIL0FUa3EIktR0O8="></latexit><latexit sha1_base64="LCKD0kUvz87FIL0FUa3EIktR0O8="></latexit><latexit sha1_base64="LCKD0kUvz87FIL0FUa3EIktR0O8="></latexit><latexit sha1_base64="LCKD0kUvz87FIL0FUa3EIktR0O8="></latexit>

[Becirevic, Sumensari ’17]

✖

✔

i

i’

C9 = �C10 =
<latexit sha1_base64="e+L/6o+84uBz7uUKGVF7FoQ1RO8="></latexit><latexit sha1_base64="e+L/6o+84uBz7uUKGVF7FoQ1RO8="></latexit><latexit sha1_base64="e+L/6o+84uBz7uUKGVF7FoQ1RO8="></latexit><latexit sha1_base64="e+L/6o+84uBz7uUKGVF7FoQ1RO8="></latexit>



R2 (3,2,7/6)
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Loop LQs for b → sll

Contrary to tree-level solutions, the couplings are larger

�aµ = �
3m2

µ

32⇡2m2
R2

�
|ycµL |2 + |ytµL |2

�

<latexit sha1_base64="C9uQaZ6tdJ0HLestx504DZZiFw0="></latexit><latexit sha1_base64="C9uQaZ6tdJ0HLestx504DZZiFw0="></latexit><latexit sha1_base64="C9uQaZ6tdJ0HLestx504DZZiFw0="></latexit><latexit sha1_base64="RuSrDPmclvYYQsNHyXYaYSoj6fI="></latexit><latexit sha1_base64="mBAN75z6yunKiTct3VTMi1DKLX0="></latexit><latexit sha1_base64="mBAN75z6yunKiTct3VTMi1DKLX0="></latexit><latexit sha1_base64="hnQEhiYU8C1RrYEvhT+PmD28N98="></latexit><latexit sha1_base64="C9uQaZ6tdJ0HLestx504DZZiFw0="></latexit><latexit sha1_base64="C9uQaZ6tdJ0HLestx504DZZiFw0="></latexit><latexit sha1_base64="C9uQaZ6tdJ0HLestx504DZZiFw0="></latexit><latexit sha1_base64="C9uQaZ6tdJ0HLestx504DZZiFw0="></latexit><latexit sha1_base64="C9uQaZ6tdJ0HLestx504DZZiFw0="></latexit><latexit sha1_base64="RuSrDPmclvYYQsNHyXYaYSoj6fI="></latexit><latexit sha1_base64="mBAN75z6yunKiTct3VTMi1DKLX0="></latexit><latexit sha1_base64="mBAN75z6yunKiTct3VTMi1DKLX0="></latexit><latexit sha1_base64="hnQEhiYU8C1RrYEvhT+PmD28N98="></latexit><latexit sha1_base64="C9uQaZ6tdJ0HLestx504DZZiFw0="></latexit><latexit sha1_base64="C9uQaZ6tdJ0HLestx504DZZiFw0="></latexit><latexit sha1_base64="C9uQaZ6tdJ0HLestx504DZZiFw0="></latexit><latexit sha1_base64="C9uQaZ6tdJ0HLestx504DZZiFw0="></latexit><latexit sha1_base64="C9uQaZ6tdJ0HLestx504DZZiFw0="></latexit><latexit sha1_base64="C9uQaZ6tdJ0HLestx504DZZiFw0="></latexit>

Interesting phenomenology [Angelescu et al, ’18]

Z ! ``
<latexit sha1_base64="p8pYGhxQSNba83tJ3e+x8MfBD58="></latexit><latexit sha1_base64="p8pYGhxQSNba83tJ3e+x8MfBD58="></latexit><latexit sha1_base64="p8pYGhxQSNba83tJ3e+x8MfBD58="></latexit><latexit sha1_base64="p8pYGhxQSNba83tJ3e+x8MfBD58="></latexit>



R2 (3,2,7/6) 

Allowing for perturbative 𝜏 couplings → LFV
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Loop LQs for b → sll

[Becirevic, Sumensari ’17]

B(Z ! ⌧µ) . few⇥ 10�7
<latexit sha1_base64="1LdjGc5DyiVTgyzZulN5tgF2yN8="></latexit><latexit sha1_base64="1LdjGc5DyiVTgyzZulN5tgF2yN8="></latexit><latexit sha1_base64="1LdjGc5DyiVTgyzZulN5tgF2yN8="></latexit><latexit sha1_base64="eb1m+2jkvuo/pmTYLkxE+8PkrcQ=">AAACFHicbVC9TsMwGHTKXwkF2pnFokJiqhIWGJFYGItEf6QmqhznS2vVdiLbAVVRXoCVR+Bp2BAbb4OTdqAtJ1k63/nTd74o40wbz/txGnv7B4dHzWP3pOWenp23W0Od5orCgKY8VeOIaOBMwsAww2GcKSAi4jCKFg+VP3oBpVkqn80yg1CQmWQJo8RYqT9td72eVwPvEn9NumiNacdpBXFKcwHSUE60nvheZsKCKMMoh9INcg0ZoQsyg4mlkgjQYVHnLPGVVWKcpMoeaXCt/p0oiNB6KSL7UhAz19teJf7nTXKT3IUFk1luQNLVoiTn2KS4+jSOmQJq+NISQhWzWTGdE0WosdVsbFkldQMJrzQVgsi4CBTE5cQPiyKo3aK6465flq6tz98ua5cMb3q+5U8eaqILdImukY9u0T16RH00QBTF6A29Ox/Op/O1qrnhrPvuoA0437/3HaEP</latexit><latexit sha1_base64="j0m8eWuYzuTSaP6SDsdQj0C5zzI="></latexit><latexit sha1_base64="j0m8eWuYzuTSaP6SDsdQj0C5zzI="></latexit><latexit sha1_base64="Ohfa6KYahO3thnSZkZWzm0cflPs="></latexit><latexit sha1_base64="1LdjGc5DyiVTgyzZulN5tgF2yN8="></latexit><latexit sha1_base64="1LdjGc5DyiVTgyzZulN5tgF2yN8="></latexit><latexit sha1_base64="1LdjGc5DyiVTgyzZulN5tgF2yN8="></latexit><latexit sha1_base64="1LdjGc5DyiVTgyzZulN5tgF2yN8="></latexit><latexit sha1_base64="1LdjGc5DyiVTgyzZulN5tgF2yN8="></latexit><latexit sha1_base64="1LdjGc5DyiVTgyzZulN5tgF2yN8="></latexit>

B(B ! K⌫⌫) ⇡ B(B ! K⌫⌫)SM
<latexit sha1_base64="r338nr4LLyUgdpPpX+yTnUdhlyg="></latexit><latexit sha1_base64="r338nr4LLyUgdpPpX+yTnUdhlyg="></latexit><latexit sha1_base64="r338nr4LLyUgdpPpX+yTnUdhlyg="></latexit><latexit sha1_base64="r338nr4LLyUgdpPpX+yTnUdhlyg="></latexit>



S1 (3̅,1,1/3) 
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Loop LQs for b → sll

[Neubert, Bauer ’15]

Ũ1
<latexit sha1_base64="vLl3lgtpKuH3zEB58DRiBAsipqo="></latexit><latexit sha1_base64="vLl3lgtpKuH3zEB58DRiBAsipqo="></latexit><latexit sha1_base64="vLl3lgtpKuH3zEB58DRiBAsipqo="></latexit><latexit sha1_base64="vLl3lgtpKuH3zEB58DRiBAsipqo="></latexit>

(3,1,5/3) - loop vector LQ model without quark flavor violation 
See talk by D. Faroughy

yLS1Q̄
ci⌧2L+ yRS1ū

c
ReR

<latexit sha1_base64="zhGvVt/MkAhFf+bi8X+rhqe6p9E="></latexit><latexit sha1_base64="zhGvVt/MkAhFf+bi8X+rhqe6p9E="></latexit><latexit sha1_base64="zhGvVt/MkAhFf+bi8X+rhqe6p9E="></latexit><latexit sha1_base64="RuSrDPmclvYYQsNHyXYaYSoj6fI="></latexit><latexit sha1_base64="mN16wqoRCgEWyWPa741kcQoSiW0="></latexit><latexit sha1_base64="mN16wqoRCgEWyWPa741kcQoSiW0="></latexit><latexit sha1_base64="TBnT34rQDRtinbvN8QsOXJO3PuM="></latexit><latexit sha1_base64="zhGvVt/MkAhFf+bi8X+rhqe6p9E="></latexit><latexit sha1_base64="zhGvVt/MkAhFf+bi8X+rhqe6p9E="></latexit><latexit sha1_base64="zhGvVt/MkAhFf+bi8X+rhqe6p9E="></latexit><latexit sha1_base64="zhGvVt/MkAhFf+bi8X+rhqe6p9E="></latexit><latexit sha1_base64="zhGvVt/MkAhFf+bi8X+rhqe6p9E="></latexit><latexit sha1_base64="zhGvVt/MkAhFf+bi8X+rhqe6p9E="></latexit>

[Angelescu et al, ’18]

[Becirevic et al, ’16]

[Cai et al, ’17]

ν

LQ
t

W

b

µ

µ

s

ν

LQ
t

LQ

b

µ

s

µ

Needs very large masses 
 and couplings
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Further vector LQs

U3(3, 3, 2/3)
<latexit sha1_base64="lF7AFioq2f6ZEBT/lJ25YtHDWA8=">AAACLnicbVDLSgMxFM3UV62vVpdugkVQEJ1pBV0W3bisYB/QGUomc2uDSWZIMkoZ5jfc6if4NYILcetnmD4W1nogcHLOvdzDCRPOtHHdD6ewtLyyulZcL21sbm3vlCu7bR2nikKLxjxW3ZBo4ExCyzDDoZsoICLk0Akfrsd+5xGUZrG8M6MEAkHuJRswSoyV/Fa/flQ/qZ/UzurH/XLVPXUnwIvEm5EqmqHZrzibfhTTVIA0lBOte56bmCAjyjDKIS/5qYaE0AdyDz1LJRGgg2wSOseHVonwIFb2SYMn6u+NjAitRyK0k4KYof7rjcX/vF5qBpdBxmSSGpB0emiQcmxiPG4AR0wBNXxkCaGK2ayYDoki1Nie5q5Mk5Z8CU80FoLIKPMVRHnPC7LMn7jZ+I+rXp6XbH/e37YWSbt26ll+e15tXM2aLKJ9dICOkIcuUAPdoCZqIYoS9Ixe0Kvz5rw7n87XdLTgzHb20Byc7x9CJKaO</latexit><latexit sha1_base64="lF7AFioq2f6ZEBT/lJ25YtHDWA8=">AAACLnicbVDLSgMxFM3UV62vVpdugkVQEJ1pBV0W3bisYB/QGUomc2uDSWZIMkoZ5jfc6if4NYILcetnmD4W1nogcHLOvdzDCRPOtHHdD6ewtLyyulZcL21sbm3vlCu7bR2nikKLxjxW3ZBo4ExCyzDDoZsoICLk0Akfrsd+5xGUZrG8M6MEAkHuJRswSoyV/Fa/flQ/qZ/UzurH/XLVPXUnwIvEm5EqmqHZrzibfhTTVIA0lBOte56bmCAjyjDKIS/5qYaE0AdyDz1LJRGgg2wSOseHVonwIFb2SYMn6u+NjAitRyK0k4KYof7rjcX/vF5qBpdBxmSSGpB0emiQcmxiPG4AR0wBNXxkCaGK2ayYDoki1Nie5q5Mk5Z8CU80FoLIKPMVRHnPC7LMn7jZ+I+rXp6XbH/e37YWSbt26ll+e15tXM2aLKJ9dICOkIcuUAPdoCZqIYoS9Ixe0Kvz5rw7n87XdLTgzHb20Byc7x9CJKaO</latexit><latexit sha1_base64="lF7AFioq2f6ZEBT/lJ25YtHDWA8=">AAACLnicbVDLSgMxFM3UV62vVpdugkVQEJ1pBV0W3bisYB/QGUomc2uDSWZIMkoZ5jfc6if4NYILcetnmD4W1nogcHLOvdzDCRPOtHHdD6ewtLyyulZcL21sbm3vlCu7bR2nikKLxjxW3ZBo4ExCyzDDoZsoICLk0Akfrsd+5xGUZrG8M6MEAkHuJRswSoyV/Fa/flQ/qZ/UzurH/XLVPXUnwIvEm5EqmqHZrzibfhTTVIA0lBOte56bmCAjyjDKIS/5qYaE0AdyDz1LJRGgg2wSOseHVonwIFb2SYMn6u+NjAitRyK0k4KYof7rjcX/vF5qBpdBxmSSGpB0emiQcmxiPG4AR0wBNXxkCaGK2ayYDoki1Nie5q5Mk5Z8CU80FoLIKPMVRHnPC7LMn7jZ+I+rXp6XbH/e37YWSbt26ll+e15tXM2aLKJ9dICOkIcuUAPdoCZqIYoS9Ixe0Kvz5rw7n87XdLTgzHb20Byc7x9CJKaO</latexit><latexit sha1_base64="lF7AFioq2f6ZEBT/lJ25YtHDWA8=">AAACLnicbVDLSgMxFM3UV62vVpdugkVQEJ1pBV0W3bisYB/QGUomc2uDSWZIMkoZ5jfc6if4NYILcetnmD4W1nogcHLOvdzDCRPOtHHdD6ewtLyyulZcL21sbm3vlCu7bR2nikKLxjxW3ZBo4ExCyzDDoZsoICLk0Akfrsd+5xGUZrG8M6MEAkHuJRswSoyV/Fa/flQ/qZ/UzurH/XLVPXUnwIvEm5EqmqHZrzibfhTTVIA0lBOte56bmCAjyjDKIS/5qYaE0AdyDz1LJRGgg2wSOseHVonwIFb2SYMn6u+NjAitRyK0k4KYof7rjcX/vF5qBpdBxmSSGpB0emiQcmxiPG4AR0wBNXxkCaGK2ayYDoki1Nie5q5Mk5Z8CU80FoLIKPMVRHnPC7LMn7jZ+I+rXp6XbH/e37YWSbt26ll+e15tXM2aLKJ9dICOkIcuUAPdoCZqIYoS9Ixe0Kvz5rw7n87XdLTgzHb20Byc7x9CJKaO</latexit>

U1(3, 1, 2/3)
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+ C9 = -C10 

—  No UV completion - no loops 
—  RD(*) is in conflict with B → K(*)νν

[Butazzo et al, ’17]

[Di Luzio et al, ’17]

[Barbieri et al, ’15]

[J. Cline ’17]

+ C9 = -C10 

+ Avoids B → K(*)νν 

+ UV frameworks proposed:

Pati-Salam, SU(4)xSU(3)xSU(2)xU(1) 
…
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Conclusion

Vector and scalar leptoquarks are natural tree-level mediators to 
address the semileptonic b → sll (and/or b → cτν) puzzle 

b → sll allows for small LQ couplings at tree-level 

LFV constraints can be avoided ( provided R(D*) is ignored ) 

Only a few LQs accommodate the b → sll anomalies at tree-level 

Loop models require large LQ couplings, in tension with flavor and high-
pT constraints 


