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Two channels:

CMS search for h = tu

[CMS-PAS-HIG-14-005]

 Three jet categories:

— h-> Thaalt — 0-jets => targeting ggF production
— h->r1.u — 1-jets => targeting ggF production
— 2-jets => targeting VBF production
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CMS search for h = tu [CMS-PAS-HIG-14-005]

e Two channels:  Three jet categories:
— h-> Thaalt — 0-jets => targeting ggF production
— h->r1.u — 1-jets => targeting ggF production
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e Two channels:  Three jet categories:
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CMS search for h = tu

[CMS-PAS-HIG-14-005]

e Two channels:  Three jet categories:
— h-> Thaalt — 0-jets => targeting ggF production
— h->r1.u — 1-jets => targeting ggF production
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Constraints from low energy experiments:

[Harnik, Kopp and Zupan, arXiv:1209.1397]
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Constraints from low energy experiments:

[Harnik, Kopp and Zupan, arXiv:1209.1397]

* BR(h- tf) < 0(10%) compatiblewith the strongest bound, BR(t — #y) < 0(107®).
[Belle Collaboration, arXiv:0705.0650]
h - TU or h — Te can exist in observable rates. [BaBar Collaboration, arXiv:0908.2381]
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[Belle Collaboration, arXiv:0705.0650]

h - TU or h — Te can exist in observable rates. [BaBar Collaboration, arXiv:0908.2381]
e assuming no cancellations, |Yere| <1.7x1077 [MEG Collaboration, arXiv:1303.0754]
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* BR(h- tf) < 0(10%) compatiblewith the strongest bound, BR(t — #y) < 0(107®).
[Belle Collaboration, arXiv:0705.0650]

h - TU or h — Te can exist in observable rates. [BaBar Collaboration, arXiv:0908.2381]
e assuming no cancellations, |Yere| <1.7x1077 [MEG Collaboration, arXiv:1303.0754]
=>BR(h = tu) X BR(h - te) < 0(10711) B i
l’, \\\
I T T B
For all practical purposes, we can expect to observe Yo Y., e
either h —» u, or h - te. (or neither) %

If BR(h —» ) # 0 is established:
e clear signal of NP.
* challenge for motivated BSM models.
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SearChlng for h — Te,u [Davidson and Verdier, arXiv:1211.1248]

U h T
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Searching forh = T, u

[Davidson and Verdier, arXiv:1211.1248]

U < h T

The BG estimation Challenge
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[Davidson and Verdier, arXiv:1211.1248]
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Basic selection cuts:
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pl > 12 GeV Ap(e,u) > 2.5
pl, > 45 GeV Agp(e, MET) < 0.7

Mcontinear = \/plTo(plTl + MET)(coshAn — cosAg)
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In theory:
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T T T T
Pu > DPe Pe = Pu
"ﬂe” ”eu

In theory:

In practice:
Electronsand muons are very different objects in the detector.

Avital Dery, WIN 2015



P, > Pe Pe > D),

"

”en ”el"
In theory:

In practice:

Electrons and muons are very different objects in the detector.

* Electrons emit Bremsstrahlung radiation-may have lower pT spectrum, mis-
measured direction

* Different momentum resolution

» Different reconstruction efficiencies

* Different trigger efficiencies

* Different fake rates
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T < T T < T
Pu > Pe Pe = Dy

Men ”e[,l,
In theory:

In practice:

Electrons and muons are very different objects in the detector.

* Electrons emit Bremsstrahlung radiation-may have lower pT spectrum, mis-
measured direction

* Different momentum resolution

» Different reconstruction efficiencies

* Different trigger efficiencies

« Different fake rates Having both e and u in the final state means

most of these differences affect the two samples

in the same way.
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SM Background + BR(h — tu) = 2%
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Theory:

Practice:
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At first look, things seem very symmetric...

Symmetric_Sel{Data , Data)
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Unforeseeable complications

* MET seems to go more in the direction of the electron
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Unforeseeable complications

* MET seems to go more in the direction of the electron
=> solution: remove “soft terms”

Symmetric_Sel{Data , Data) Symmetric_Sel(MC + stats , MC + stats)
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Foreseeable complications

 Fake contribution
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Foreseeable complications

e Fake contribution
e Efficiency turn-on curves
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‘Blind’ data
lllustration
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very complicated.
Don't try to

Al S
Because when
you find answers

LIFE changes
the QUESTIONS.




What if the CMS result is confirmed as a signal?



What if the CMS result is confirmed as a signal?

It turns out, it is not easy to generate h — tu while complying with
constraints in “well motivated” models.



What if the CMS result is confirmed as a signal?

It turns out, it is not easy to generate h — tu while complying with
constraints in “well motivated” models.

An example of a non “well motivated” model that does the trick:

2HDM, where only one of the doublets carries a VEV.

(Pp1)=v, (P)=0

) 0 0 0
Ly > ¢1ZiY1UEj +¢,L;|0 0 0 E;
0 Vru 0

ij
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Implications: #1 — Flavor models

arXiv:1408.1371

Flavor models relate off-diagonal couplings in a given sector.


http://arxiv.org/abs/1408.1371
http://arxiv.org/abs/1408.1371

Implications: #1 — Flavor models

arXiv:1408.1371

Flavor models relate off-diagonal couplings in a given sector.
* Froggatt-Nielsen (FN) mechanism:

— An Approximate horizontal U(1) is used to get selection rules that provide a
simple explanation for the smallness and hierarchyin the flavor parameters.
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Implications: #1 — Flavor models

arXiv:1408.1371

Flavor models relate off-diagonal couplings in a given sector.
* Froggatt-Nielsen (FN) mechanism:

— An Approximate horizontal U(1) is used to get selection rules that provide a
simple explanation for the smallness and hierarchyin the flavor parameters.

— Any higher order operatorinvolvingthe SM fields will be subject to the same
selection rules.

fu td e

£f=* = - 5QiU;6(8'0) — 753QiD;o1 (819) — 5 LiEj61(67¢) + hec.
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Implications: #1 — Flavor models
arXiv:1408.1371

Flavor models relate off-diagonal couplings in a given sector.

* Froggatt-Nielsen (FN) mechanism:

— An Approximate horizontal U(1) is used to get selection rules that provide a
simple explanation for the smallness and hierarchyin the flavor parameters.

— Any higher order operatorinvolvingthe SM fields will be subject to the same
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Implications: #1 — Flavor models
arXiv:1408.1371

Flavor models relate off-diagonal couplings in a given sector.

* Froggatt-Nielsen (FN) mechanism:

— An Approximate horizontal U(1) is used to get selection rules that provide a
simple explanation for the smallness and hierarchyin the flavor parameters.

— Any higher order operatorinvolvingthe SM fields will be subject to the same

selection rules.
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Implications: #1 — Flavor models

arXiv:1408.1371

Flavor models relate off-diagonal couplings in a given sector.
* Froggatt-Nielsen (FN) mechanism:

— An Approximate horizontal U(1) is used to get selection rules that provide a
simple explanation for the smallness and hierarchyin the flavor parameters.

— Any higher order operatorinvolvingthe SM fields will be subject to the same
selection rules.

Bottom Line:

— Non trivial to generate observable rates for h = 7. SM or MHDM field
content + non-renormalizable terms do not suffice.

— There exist viable, though non generic models in the context of SUSY,
where “holomorphic zeros” allow to suppress certain off-diagonal
Yukawas, while keeping others large. => can saturate the current

h — tf bounds
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Implications: #1 — Flavor models

arXiv:1408.1371

Flavor models relate off-diagonal couplings in a given sector.
 Minimal Lepton Flavor Violation (MLFV):
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Implications: #1 — Flavor models

arXiv:1408.1371
Flavor models relate off-diagonal couplings in a given sector.

 Minimal Lepton Flavor Violation (MLFV):

— MFVis not uniquely defined in the lepton sector, because the number of
participatingflavor structures depends on the implementation of neutrino
masses.
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Implications: #1 — Flavor models

arXiv:1408.1371
Flavor models relate off-diagonal couplings in a given sector.

 Minimal Lepton Flavor Violation (MLFV):

— MFVis not uniquely defined in the lepton sector, because the number of
participatingflavor structures depends on the implementation of neutrino

Masses.

— Option #1: no neutrino masses, there is only one spurion, MFV predicts zero
off-diagonal couplings.
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Implications: #1 — Flavor models

arXiv:1408.1371
Flavor models relate off-diagonal couplings in a given sector.

 Minimal Lepton Flavor Violation (MLFV):

— MFVis not uniquely defined in the lepton sector, because the number of
participatingflavor structures depends on the implementation of neutrino

Masses.

— Option #1: no neutrino masses, there is only one spurion, MFV predicts zero
off-diagonal couplings.

— Option #2: neutrinos have Dirac masses, relations between different off-
diagonal couplingsas in the quark sector. For example:

Yeu Ues [frﬁg my,
}1”- [’TI.LB [/'T:S ?TET
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Implications: #1 — Flavor models

arXiv:1408.1371
Flavor models relate off-diagonal couplings in a given sector.

 Minimal Lepton Flavor Violation (MLFV):

— MFVis not uniquely defined in the lepton sector, because the number of
participatingflavor structures depends on the implementation of neutrino

Masses.

— Option #1: no neutrino masses, there is only one spurion, MFV predicts zero
off-diagonal couplings.

— Option #2: neutrinos have Dirac masses, relations between different off-
diagonal couplingsas in the quark sector. For example:

Yeu Ues [frﬁg my,

}1”- [’TI_LS [/'T:S ?TET

BR(h-tn) <

ol S 004 -4
BR(h-t1) ~ 10

Thenthe MEG bound on Y, implies
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Implications: #1 — Flavor models

arXiv:1408.1371
Flavor models relate off-diagonal couplings in a given sector.

 Minimal Lepton Flavor Violation (MLFV):

— MFVis not uniquely defined in the lepton sector, because the number of
participatingflavor structures depends on the implementation of neutrino
masses.

— Option #1: no neutrino masses, there is only one spurion, MFV predicts zero
off-diagonal couplings.

— Option #2: neutrinos have Dirac masses, relations between different off-
diagonal couplingsas in the quark sector. For example:

Yeu Ues [frﬁg my,

}1”- [’TI.LB [/'T:S ?TET

BR(h-tn) <

ol S 004 -4
BR(h-t1) ~ 10

Thenthe MEG bound on Y, implies
— Option #3: neutrinos are Majorana particles. If in addition the seesaw scale is
below the flavorscale, then there are more spurions at play, and the bounds

can be saturated.
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Implications: #2 — UV models

 Thetwo dim. 6 operatorsrelatedto h = tu and T — uy, respectively, are:
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Implications: #2 — UV models

 Thetwo dim. 6 operatorsrelatedto h = tu and T — uy, respectively, are:

. teh — . 1 -
Oney =2LLpE  and Oy = Lopg EFFY

* Ifonly 6hw is generated at a high scale by NP, then it does not mix with Gwy and
BR(h - tu) = 0(1%) is allowed.



[Dorsner, Fajfer, Greljo, Kamenik, Kosnik,

Implications: #2 - UV mOdeIS Nisandzic, arXiv:1502.07784]

[de Lima, Machado, Matheus, Prado,
arXiv:1501.06923]

 Thetwo dim. 6 operatorsrelatedto h = tu and T — uy, respectively, are:
~ ot - _~ 1 —
OhTﬂ = 7 L(pE and OTM]/ = E LgbO"uVEFMv

* Ifonly 6hw is generated at a high scale by NP, then it does not mix with Gwy and
BR(h - tu) = 0(1%) is allowed.

But what kind of UV theory would generate 6hw and not 6wy ?
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[Dorsner, Fajfer, Greljo, Kamenik, Kosnik,

Implications: #2 - UV mOdeIS Nisandzic, arXiv:1502.07784]

[de Lima, Machado, Matheus, Prado,
arXiv:1501.06923]

 Thetwo dim. 6 operatorsrelatedto h = tu and T — uy, respectively, are:

~ ot - _~ 1 —
OhTﬂ = 7 L(I)E and OTLL}/ = E L(,bO"uVEFMv

* Ifonly 6hw is generated at a high scale by NP, then it does not mix with 6T#y and
BR(h - tu) = 0(1%) is allowed.

But what kind of UV theory would generate 6hw and not 61#]/ ?

Naive argument: for any loop generated process
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MSSM
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IVI SS M [Aloni, Stamou, work in progress]

p - T
E/W | E//,J
ho---=--- 07 ho-=---- L B
~nl \
h | ) E’ \ )
T T

NFC at tree level. h = Tu is generated at one loop.
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IVI SS M [Aloni, Stamou, work in progress]

Il - u
E/W | F//,J
ho---=--- 07 ho-=---- L B
~nl \
h | E’ \
T T

NFC at tree level. h = Tu is generated at one loop.

BR(h - tu) o a
BR(h - 1) 161

X mixing angle X Loop Function
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p - T
E/W | E//,,
ho---=--- 07 ho-=---- L B
~nl \
h | : E’ \
T T

NFC at tree level. h = Tu is generated at one loop.

BR(h - tu) o a
BR(h - 1) 167

X mixing angle X Loop Function

|

need to
enhance
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IVI SS M [Aloni, Stamou, work in progress]

Il - u
E/W | E//,J
ho---=--- 07 ho-=---- L B
~nl \
h | E’ \
T T

* NFCattree level. h = tu is generated at one loop.

BR(h - tu) o a
BR(h - 1) 167

X mixing angle X Loop Function

|

need to
enhance

* Inorderto avoidlarge BR(h — uu), need to allow only one chirality
combination:Eitherh — Tt up OR h — Tru;.
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h

Taking the trilinear scalar coupling (the
higgsino mass) to be large can
accomplish an observable h = Tu
branching ratio.

BR(t — uy) is sufficiently suppressed
for large higgsino mass.
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Thank you



