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The flavour puzzle of the SM !

SM Yukawa couplings
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The flavour puzzle of the SM !

SM Yukawa couplings

e The flavour sector is the AT
least understood of the
SM, with10=6+3+1
free parameters in the 02t
quark sector. g5

v])
vTA(Z

¢ L ooking at the quark ;,;‘:5 i —
masses, we observe an
unnatural hierarchy
between their Lok Al
generations demanding .
an explanation. Flvons

We should measure the light Yukawa couplings !
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Currents bound of Yukawa couplings

* We define the scaling factor of a quark flavour f Yukawa coupling « as:

o Ynfr
Kf = (]SM,'
Jhff

® The top and beauty Yukawa couplings are strongly constrained ||~ |kp| ~ 1
(most recent cms-Top-17-004 k¢ < 1.67, @ 95% CL) .

e We are concerned with the light Yukawa couplings (2nd and 1st
generations), the current bounds are (model-dependent, global fit):

|ka| < 1270, |ky| < 11505

|ks| <53, |ke| < 5.

Obtained by allowing the couplings to be scaled one at a time r w16
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Formulation of the problem

e Light Yukawa couplings are poorly constrained, as the single Higgs
production gg — h is only sensitive by

~ g mé/mi In?(mp/my),

to light quarks contributions.

* Moreover, we need an extra particle/ jet in order to construct distributions for
exclusive bounds.

¢ Using exotic Higgs decays (e.g. h— M ~, M = p,w, ¢, J/1), as a probe for
Light Yukawa couplings has been proposed by . . Bodwin et al. 1.

* The channel qg— h q = ¢, s, u, d remains subdominant ~ O(10' — 10?)fb
compared to the beauty quark channel ~2pb.
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New Higgs fermion coupling from linear SMEFT

We have the Lagrangian :

LD — YUQL(I)UR — KiéL(i)dR + h.c.

ofP
TR

SMEFT Yukawa

SM §  _ sm
Ing i = Insg = o T Insy

v

Linear hhf f coupling

o sm (I—5y)
Ihnyf = -3 Inss
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(CUQL‘I)UR + (3,1QL(i>dR + h.C)

We identify :
sM _ My = ﬁ
ghff - v 9 - AQ’

and the scaling:
- - Cif v
K ( \ﬁf mf> '
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The SM double Higgs production

Gluon gluon fusion (ggF), is the Q v
dominant channel for the SM
double Higgs production at the b
LHC.
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The pr distributions
are not very sensitive
to small changes in
ke, Unlike the hj

Bishara et al. ‘16
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The channel ¢ — hh

PP }‘lh (qtj.‘A) \/E‘ = 14TeV
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Remarks

* We use a benchmark point in the light Yukawa scaling space where :

|ka| = 889.36, |r,| = 1878.65;

|ks| =44, |k = 3.28.

This corresponds to setting all the light Yukawa couplings equal to the SM
beauty quark Yukawa coupling in the M S scheme, i.e.

SM o
Ihaq = Gypp + Vg =c¢,s,u,d.

¢ Since FCNC are strongly constrained, we assumed that the dim 6 operator is
flavour diagonal.
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Distribution for g — hh
P b (0g ) V5 = TV (g1 = gis))
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Effects on the decay partial widths

The branching ratios (BR) are changed significantly with «; scaling.
The BR’s for different final states were calculated via a modified version

of HDECAY  A. Djouadi et al. ‘98

LA, Corral Lopez,

Grober preliminary.
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Analysis of pp — hh — bby~

The following is the ‘theoretical’ and ‘ expected’ event yields after cuts
for the HL-LHC @ 14 TeV, and final state hh — bby~ following the
analysis of a aztovetar 15 :

ONLO [fb] B(hh — bl;’)/’)/) NTh NEmpec

SM 345003 27x107 292 13
(ghag = gry)  328.055550  17x107* 167 9
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Statistical analysis and bounds on u

The likelihood profile (ratio) method was use in order to estimate the
68% and 95% CL expected limits on the signal strength 1 .

V5 =14TeV, L =3ab™!, pp — hh — bbyy

30F = 1
bbh + Zh
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Bounds on the 1st generation Yukawa scaling

Using the above analysis we get the new bounds of 1st gen. Yukawa
scaling:

|ka| < 790, |ky| < 920;

HL-LHC @

800 1000 1200

14 HU Physik Lina Alasfar  11/07/2019



The problem with the 2nd generation

We were unable to construct bounds using i, . Possible, even strong
bounds could be made via p..

pp — hh = bbyy pp = hh = ceyy

20.0 T T - - 20.0 . - -
1750 e levels 11750 e levels ]
BOF— 00— 150f 26,000 ]
12,5 1 1250 LA, Corral Lopez, Gréber preliminary. —

& 30000 —

< 10.0F 4100 b

03 —_— | o —
. — 24.000
7.5F LA, Corral Lopez, Grober preliminary.] 75— 2 ]
0450 S Y\ ]
e, n‘ou\ S0 a0
a5k 0750 — 1o 600 —— ]
1 0.900 L L I n L L L L L L L L
10 20 30 10 50 60 70 10 20 30 10 50 60 70
s Ks

15 HU Physik Lina Alasfar  11/07/2019



Mistagging of b-jets as a probe for p,

f= i By €Rec €v1 €b2 + Ohn Be €Rec €c2 €c2
- SM RSM

Thi By
see : D. Kim et al. ‘16 & G. Perez et al.('15 & ‘16)

€Rec €b1 €12

Profiling over p;, we
obtain the 95 % CL
upper bound on . :

o

pre(up) = 38.32 745

IEATLAS tight-tight
ATLAS med-med
[FECMS med1-med1
[FHICMS medl-loose

T 200 0
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Mistagging of b-jets as a probe for p,

4 Thn By €Rec €v1 €b2 + Ohn Be €Rec €c2 €c2
o SM RrSM

Ohh Bb €Rec €b1 €12
see : D. Kim et al. ‘16 & G. Perez et al.('15 & ‘16)

HL-LHC @ /s =14 TeV pp — hh — ccyy

Profiling over u; we
obtain the 95 % CL
upper bound on . :

< 3.0F LA, Corral Lopez, Gréber preliminary.
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c-tagging working points

See : ATLAS 1501.01325, ATLAS 1407.0608, ATL-PHYS-PUB-2015 and CERN-LHCC-2010-013. ATLAS-TDR-19

HL-LHC @

10 20 30 40 50
Rs
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Outlook

® The hh production at the HL-LHC has an interesting potential for setting
much tighter bounds on the light-Yukawa couplings;

|kal < 790, |ky| < 920;
|ke| < 1.4, |kg| <777,
* These bounds are comparable to the expected model-dependent global fit .

De Blas et al'19. :

|ku| <570,  |kal <270, |rs| <13, |k <1.2.

® The next step, is to consider non-linear EFT, FCNC and specific models.
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Backup Slides
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Examples of UV complete models

q BN
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NLO corrections to ¢g — hh

Next-to-leading order (NLO) QCD corrections to the s-channel gq — hh
has been calculated using the same corrections for bb — h b. picus etar, c.

Balazs et al. , M. Spira and T. Plehn et al..

7 7/
/ / /
/ / /
/ / /
AN N N
N AN N
N N N
A AN A
11/07/2019

Lina Alasfar

22 HU Physik



-UN,
\‘(1 I/

UM
R 110

e Y
2R

NLO corrections to qg — hh 2

Next-to-leading order (NLO) QCD corrections to the s-channel gg — hh
has been calculated using the same corrections for bb — h o. picus etal, c.

Balazs et al. , M. Spira and T. Plehn et al..

o(qg—h) = oro+ Aoy + Aoy
as(pr) 1 dﬁqq
Aoy = (7':[)/ dT 0o / dz weg(2)
JT q

/s . 1£b9 .
Aoy = as(1r) / dr Z ‘ o / dz wee(2)
JTH JT

T < dr
0.q

with z = 77 /7, 7 = (2mp)?/s.
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NLO corrections to ¢g — hh

pp = hh (qu) \/‘E = 14TeV
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Analysis of pp — hh — bby~
ROOT was used to carry out the analysis of generated events, along

with FASTJET, the Mass-drop tagger m. pasgupta et 13 fOr identifying b-jets
was applied, and cuts as in a azatovetal 15.

¢ Select within LHC reconstruction requirements:

pr(v/j) >25GeV, |n(v/j)| < 2.5;

¢ Veto events with hard leptons :

pr(f) >20GeV, |n(0)] < 2.5;

e Select only hardest b-tagged jets, and photons

pr=(b/v) > 50GeV, pr (b/v) > 30GeV;
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Analysis of pp — hh — bby~

® Ensure well- separated b jets and photons:

AR(b,b) <2, AR(v,v) <2, AR(b,y)>15

Where AR is the jet-radius, and it is given by :

AR =/ An? + Ag?

* Higgs mass window :

105 < my; < 145GeV, 123 < m, < 130GeV

(\‘ Uv,,/
fz

&
‘/m\{\‘

uM
» 110
2ypyst®
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Analysis of pp — hh — bby~y
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Analysis of pp — hh — bby~ : efficiency estimation S
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. s B
Analysis of pp — hh — bby~:: efficiency estimation “hpas

The efficiency can be parametrised by the following relation :

_ Ogg €99 T 043 €qq .
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Ogg 1+ 0qq

7

€gg = 0.044

var €4q
K 0.050
Rq 0.049
ku & kg 0.053
Ke 0.034
K 0.037
ke & kg 0.039
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Analysis of pp — hh — bby~:: efficiency estimation
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Mistagging of b-jets as a probe for p.

We could use the ideas developed by D. Kim et al. '16 & G. Perez et al(15 & “16) IN order
to probe the c-channels via the relation :

Ohh Bb €Rec €b1 €62 T Ohp Bc €Rec €c2 €c2

SM RSM
Ohh B b

A

fi =

€Rec €b1 €12
This simplifies to :
fo=pp+0.05-€./p - plc.

for BSM /ByM ~ 0.05
And the ratio of tagging efficiency :

€c1€c2

€c/b =
€p1€p2

For b-tagging, we have for example ¢, = 70% and ¢, ~ 20%

32 HU Physik Lina Alasfar  11/07/2019



c-tagging working points

Reconsider the previous relation, with c-tagging in mind:

/Aj Ohh Bb €Rec €b1 €b2 T Ohh B - €Rec €c2 €c2
' S M SM 12S]
(7},] B Rec €b1 €02 + 0}, B(S M €Rec €cl €c2

This simplifies to:

fi= (s +0.05 ecpppac) / (1+0.05¢)

We used the c-tagging efficiency obtained at ATLAS run | ( as c-tagging
), and the expected Insertable B-Layer (IBL) subdetector c-tagging
efficiency ( as c-tagging Il and IIl) .

See : arXiv:1501.01325, arXiv:1407.0608, ATL-PHYS-PUB-2015 and CERN-LHCC-2010-013. ATLAS-TDR-19
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