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Higgs in the standard model
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tested by:
direct - h→WW*,ZZ*
indirect - Electroweak precision yf ∝ mf

unitarize: f f̅→VLVL

mf ≠ 0

much less is 
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unitarize: VLVL→VLVL

mW,Z ≠ 0
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the Higgs is the main source of 
Electroweak symmetry breaking
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i
Lu

j
Rh+ Y d

ij d̄
i
Ld

j
Rh+ Y `

ij
¯̀i
L`

j
Rh+ h.c.

flavor dependent interaction
(unlike gauge interactions which are flavor blind)

4



Introduction

ySMf =
mf

v

Yukawa interaction

LY = Y u
ij ū

i
Lu

j
Rh+ Y d

ij d̄
i
Ld

j
Rh+ Y `

ij
¯̀i
L`

j
Rh+ h.c.

• non-universal and hierarchical
• diagonal

flavor dependent interaction
(unlike gauge interactions which are flavor blind)
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Introduction
current measurements

(ATLAS+CMS - run 1+2 naive)

upper bounds
(ATLAS+CMS)
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Introduction
current measurements

(ATLAS+CMS - run 1+2 naive)

upper bounds
(ATLAS+CMS) yµ < y⌧
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current measurements

(ATLAS+CMS - run 1+2 naive)

upper bounds
(ATLAS+CMS)
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Do light quark masses arise 
via couplings to the Higgs?
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probing light Quark yukawas
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• SM-Higgs rates are tiny
• QCD background
• flavor tagging
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SM (dominant) large light quarks Yukawa 
(yq≲ yb,sm allowed by data)

Higgs production
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SM (dominant) large light quarks Yukawa 
(yq≲ yb,sm allowed by data)

Higgs rapidity Higgs pT 

modify

Higgs production
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proton momentum (quark has larger momenta than 

the anti-quark)
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gluons has stronger 
radiation than quarks 
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softer pT spectrum more forward yh spectrum

larger sensitivity to valence quarks
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larger sensitivity to valence quarks
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use Run-1 ATLAS data
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use Run-1 ATLAS data
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Fiducial σ: 
Event yields corrected for 
detector inefficiency and 
resolution for minimal 
theoretical modeling 
 
 
 
 

Higgs!γγ 
•  Measurements of fiducial cross section 

 13 TeV Fiducial σ (fb) SM prediction (fb) 

ATLAS (13.3 fb-1) 43.2±14.9(stat)±4.9(syst) 62.8+3.4
-4.4 (N3LO+XH) 

CMS (12.9 fb-1) 69+16
-22(stat)+8

-6(syst)  73.8±3.8  

Differential cross section measurements  

 (TeV)s
7 8 9 10 11 12 13 14

 (f
b)

fid
.

σ
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100
Preliminary CMS

 (13 TeV)-1 (8 TeV) + 12.9 fb-119.7 fb

γγ→H
)Hbest-fit mData (

syst. uncertainty
)=125.09 GeVHmSM (

-  norm. LHC Higgs XSWG YR4
MC@NLOA-  acc. 

σ i =
ν i
sig

ci L dt∫

Δσ/σ ~30 % 

~20 % 

CMS-PAS-HIG-16-020 

ATLAS HIGG-2016-09 

Important to improve MC 
generators and calculations 
" reduce systematic 
uncertainties 

Florencia Canelli - University of Zurich 13 
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prospect for Run-2 (with ∼ 2 ab-1)

current  limit
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prospect for Run-2 (for strange)

pT distribution rapidity distribution

YS, Zhu, Zupan 1606.09621
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sensitivity to the charm Yukawa

Bishara, Haisch, Monni, Re 
1606.09253

loop effect in 
gluon function

log enhancement

4

|c| . 130 [9], respectively. It is however not competitive
with the bound |c| . 6.2 that derives from a global
analysis of Higgs data [9], which unlike (2) depends on
fit assumptions and hence is more model dependent.

Turning our attention to the allowed modifications of
the bottom Yukawa coupling, one observes that our pro-
posal leads to b 2 [�3.2, 8.3]. This limit is thus signifi-
cantly weaker than the constraints from the LHC Run I
measurements of pp ! W/Zh (h ! bb̄), pp ! tt̄h (h !
bb̄) and h ! bb̄ in vector boson fusion that already re-
strict the relative shifts in yb to around ±50% [1, 2].

Future prospects. In order to investigate the future
prospects of our method in constraining the bottom and
charm Yukawa couplings, we study two benchmark cases.
Our LHC Run II scenario employs 0.3 ab�1 of integrated
luminosity and assumes a systematic error of ±3% on
the experimental side and a total theoretical uncertainty
of ±5%. This means that we envision that the non-
statistical uncertainties present at LHC Run I can be
halved in the coming years, which seems plausible. Our
HL-LHC scenario instead uses 3 ab�1 of data and foresees
a reduction of both systematic and theoretical errors by
another factor of two, leading to uncertainties of ±1.5%
and ±2.5%, respectively. Reaching such precisions will
clearly require a dedicated experimental and theoretical
e↵ort. In both benchmarks, we employ

p
s = 13TeV and

the PDF4LHC15 nnlo mc set [58–61], consider the range
pT 2 [0, 70]GeV in bins of 5GeV,3 and take into account
h ! ��, h ! ZZ⇤ ! 4` and h ! WW ⇤ ! 2`2⌫`.
We assume that the future measurements will be cen-
tred around the SM predictions. These channels sum to
a branching ratio of 1.2%, but given the large amount
of data the statistical errors per bin will be at the ±2%
(±1%) level in our LHC Run II (HL-LHC) scenario. We
model the correlation matrix as in the 8TeV case.

The results of our �2 fits are presented in Figure 3
with the upper (lower) panel showing the constraints in
the c–b plane for the LHC Run II (HL-LHC) scenario.
By profiling over b, we find in the LHC Run II scenario
the following 95% CL bound on the yc modifications

c 2 [�4.7, 5.5] (LHC Run II) , (3)

while the corresponding HL-LHC bound reads

c 2 [�2.9, 4.2] (HL-LHC) . (4)

These limits compare well not only with the projected
reach of other proposed strategies but also have the nice
feature that they are controlled by the accuracy that
theoretical predictions can reach in the future. This is
not the case for extractions of yc using the h ! J/ �,

3 Enlarging the bin size leads to a minor reduction of the sensitivity
to the Yukawa modifications, because shape information is lost.

×

× SM
Δχ2 = 2.3
Δχ2 = 5.99

HL-LHC
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Figure 3: Projected future constraints in the c–b plane.
The SM point is indicated by the black crosses. The upper
(lower) panel shows our projection for 0.3 ab�1 (3 ab�1) of
integrated luminosity at

p
s = 13TeV. The remaining as-

sumptions entering our future predictions are detailed in the
main text.

pp ! W/Zh (h ! cc̄) and pp ! hc channels, which
are either limited by small signal-to-background ratios
or by the charm-bottom discrimination of heavy-flavour
tagging. We notice that at future LHC runs our method
will allow one to set relevant bounds on the modifications
of yb. For instance, in the HL-HLC scenario we obtain
b 2 [0.3, 1.4] at 95% CL.
Finally, we have also explored the possibility of con-

straining modifications s = ys/ySMs of the strange
Yukawa coupling by means of our proposal. Under the
assumption that the bottom Yukawa coupling is SM-like
but profiling over c, we find that at the HL-LHC one
should have a sensitivity to ys values of around 30 times
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summary

the Higgs couplings to light quarks (u,d,s,c) can be large as 
the SM bottom Yukawa

light quarks Yukawa can be directly probed by inclusive rates 
and exclusive rates

the Higgs kinematical distributions are sensitive to large 
modifications of light quarks Yukawa (mainly up and down), 
currently give the tighter indirect  constrains on yu and yd
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normalized distribution
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