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Abstract

In this paper, the constraints on the non-standard HZy and Hyy couplings through the exclusive single Higgs
production process pp —pyyp —pHp at a future 100 TeV proton-proton collider have been examined. As the
signal, H—yy and H—Zy decay channels of the Higgs boson have been considered. Taking into account three
different acceptance regions of 0.015<&<0.15, 0.0015< & <0.5, 0< & <1—% and integrated luminosity of L;,, =
3000 fbl, it has been found 95% C.L. sensitivity constraints on these couplings. Similar calculations have been
made at the LHC and discussed the improvement which is provided by a future 100 TeV proton-proton collider
with respect to LHC.
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FCC’de Foton-Foton Fiizyonu Yoluyla Anormal Higgs Baglasimlari’nin
Incelenmesi

Oz

Bu calismada, 100 TeV proton-proton garpistiricisinda, harici tek Higgs iiretimi olan pp —pyyp —pHp siireci
iizerinden anormal HZy ve Hyy baglasimlarmin sinirlari incelenmistir. Sinyal olarak, Higgs bozonunun H—yy ve
H—Zy bozounum kanallar1 ele alimmustir. Ug farkli akseptans bolgesi 0.015<£<0.15; 0.0015< & <0.5; 0< £ <1-

% ve integre edilmis luminosite L;,, = 3000 fb™ degerleri dikkate alinarak, bu baglagimlarm %95 giivenilirlik

diizeyindeki duyarlilik limitleri bulunmustur. Ayni hesaplar LHC i¢in de yapilmis ve gelecekte kurulmasi
planlanan 100 TeV proton-proton ¢arpistiricisinin LHC ye gore sagladigi iyilestirme yorumlanmustir.

Anahtar kelimeler: Higgs baglasimlari, tek Higgs tiretimi, 100 TeV proton-proton ¢arpistiricisi.

1. Introduction

The physics potential of a future 100 TeV proton-proton collider has been discussed recently by the
physics community and the interest in the subject is growing rapidly [1-3]. Such a very high energetic
machine has a great potential to probe the new physics. The predictions of the SM have been confirmed
by previous and present experiments. The last great confirmation of the SM is the discovery of the Higgs
boson [4,5]. The next step is to study the properties of Higgs boson and its couplings to other SM
particles. These studies will confirm the SM and will be useful for new physics beyond SM. The future
100 TeV proton-proton collider provides an ideal venue to measure non-standard couplings of the Higgs
boson. Phenomenological studies on non-standard Higgs couplings in a future 100 TeV collider have
been rapidly growing in the literature [1,3,6-12]. In this article we consider exclusive single Higgs
production process pp —pyyp —pHp in a 100 TeV proton-proton collider. A schematic diagram of this
reaction is given in Figure 1.

*Sorumlu yazar: gakkaya@beu.edu.tr
Gelis Tarihi: 15.10.2019, Kabul Tarihi: 19.12.2019



mailto:gakkaya@

G. Akkaya Selgin / BEU Fen Bilimleri Dergisi 8 (Ozel Say1), 7-15, 2019

" P
- “\\“‘w.\,‘._\“
7S5
4 I 7. Z
- )
Fosrmimmed
Y R
-y

- - Ll‘::s-‘S
P s

Figure 1. Exclusive single Higgs boson production through photon-photon fusion in a pp collision.

In such a reaction, incoming protons emit two quasi-real photons which have a very low
virtuality and then these photons interact each other to produce a Higgs boson. Initial protons do not
dissociate into partons becouse the virtuality of emitted photons are very low. This production provide
a very clean experimental environment which is free from serious uncertainties coming from parton jets,
because there aren’t any proton remnants. This circumstance makes it easy to detect the signal that we
want to measure. Furthermore, photon-induced processes are electromagnetic in nature, free from
complicated QCD backgrounds. The exclusive production was studied experimentally at the Large
Hadron Collider (LHC) and also at the former hadron collider Fermilab Tevatron [13-24]. It was verified
that complementary to deep inelastic hadron collisions, photon-induced processes via equivalent
photons can be studied in a hadron collider. Therefore, it is interesting to investigate such photon-
induced processes in the future proton collider.

2. The cross section and non-standard HZy and Hyy couplings

The single Higgs can be produced through the interaction of two equivalent photons emitted from the
incoming proton beams. Although the Higgs boson does not couple minimally to two photons, Hyy
vertex gets SM contributions from one-loop level. There may be also new physics contributions which
modify this vertex. Hence, in principle these new physics contributions can be probed by measuring the
production cross section. However, Higgs bosons cannot be detected directly by the detectors. It can be
detected from its decay products. Final-state particles’ invariant mass measurement will confirm the
existence of on-mass-shell Higgs bosons. As the signal,we consider H—yy and H—Zy decay channels
of the Higgs boson. Taking into account the narrow width approximation for the processes yy— H— Zy
and yy— H— yy the cross section can be calculated easily:

2 FWZ

8

o (ry—> Hopy ) == =5 (s —mjy ) (1)
8n? I,1;

o (1> Ho Zy) = =2 5 (s —m) )

where 7", and 77, represent the decay width of H— Zy and H—yy respectively, 73, is the Higgs
boson’s total decay width, and s is the Mandelstam parameter of the initial state photon pair. During
numerical calculations, Higgs boson’s total decay width is taken to be 7;,¢ = 6.1 MeV [25]. The total
cross section of the main process pp —pyyp —pHp— pyy(Zy)p in the proton-proton collision can be
obtained by integrating the cross section for sub-processes over the equivalent photon distribution
functions:

c (pf —Ppryp ~>pHp— pyy(Zy)p) =
[ dxy fxn’Z‘:‘ dx, f,(x1)f,(x2) o (yy >H- yy(Zy)) 3)

Xmin
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Here, fy(xl(z)) is the equivalent photon distribution function, x; () is the fraction that denotes

E,
the ratio between the emitted equivalent photon and incoming proton energies ; x; ;) = YE“Z) . After
p

appropriate change of variables and using the Dirac delta functional in the cross sections Eg.(1) and
Eq.(2), the two-dimensional integral in Eq.(3) is reduced to the following one-dimensional integral:

2 FYYZ(FZV/FYY)

o (pp —>pyyp —pHp—> pry(Zy)p) = ———2 @)
my Ttotal
EpXmax dy my 2
X f 2 s ﬁ/ (Y) ﬁ/ ( )
Max(4Ezlfmax,Ep xmin) 4y 4y

Here, y is the one of the equivalent photon’s energy. The x parameter’s lower and upper bounds

can be found easily from the kinematical constraints; 0< x <1- ? At high energetic collisions the x
14

parameter can be assumed to be equal to the momentum fraction loss &= (|p|-|p'|)/p of the intact
scattered protons. In this formula, p represents the incoming proton’s momentum and p 'represents the
intact scattered proton’s momentum. After emission of the elastic photon, protons deviate lightly from
the beam direction and can’t be detected by the central detectors. The lost energy signature that arises
from this situation called the large rapidity gap. The large rapidity region’s lost energy signature is used
to identify the exclusive processes. Furthermore, very forward detectors can detect the intact scattered
protons. The detection of intact protons in the very forward detectors provides an accurate identification
of an exclusive process. The LHC is designed to equip with very forward detectors [15, 16, 26]. We
assume that a similar very forward detector equipment will be installed on the future proton-proton
collider. The very forward detectors have a limited range. They cannot detect all scattered protons in the

kinematically allowed interval, 0< & <1-% . The upper and lower limits of forward detector’s ranges
14

which called the forward detector acceptances are £ .. and & . respectively. During numerical

calculations, in addition to the whole region 0< & <1-% , we will take into account forward detector
14

acceptances of 0.0015< & <0.5 and 0.015<£<0.15. In this paper we work in a model independent
framework and concern with non-standard Higgs couplings to gauge bosons. Thus we take into account
the total effective lagrangian as follows [27-34]:

fi
Leps = Loy + ZA—’; Op + .. (5)
n

Here, the first term is the SM lagrangian of dimension four and the second term constitutes the
contribution of new physics which deviations in the HV;V, couplings (V; = W,Z,y)from SM
predictions. Also , 0,'s are the operators that consist of Higgs-boson fields or vector-boson, A is the
scale of new physics and f,, denote non-standard couplings Taking into account the 0,, operators to be
P and C even, there are five dimension- six operators that alter the Higgs boson couplings to y and Z.
The exact expressions of these operators can be found in [27, 28, 34]. They are given as:

Ouww= &' Wpv WH ¢

Ow = (Dn¢)" W ( Dvd)
Oes = ¢'B.y B

Os =(Du¢)"B*(Dv)

Osw= ¢' By W' ¢ (6)

where ¢ is the scalar doublet, D, is the covariant derivative, W, =i % (o W—“;) and B,,= i‘%B—“V). Here g
and g’ are the SU(2), and U(1)y gauge couplings. And o are the pauli matrices.
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After electroweak symmetry breaking the effective lagrangian written for the new physics in
Eq. (5) is expressed with the physical fields. Taking into account HZy and Hyy vertices, it can be
expressed as follows:

LSJ\‘]J}:) = GupH A A + gl(qlz)yAuvZ”avH"‘g;IZz)yHAuvZW (7
where V,,, = 9,V,-0,V, with Z field and V=A (photon) . gy, gﬁ,lz)y and gﬁzzz)yare the non-standard

couplings which involve f,, appearing in the effective lagrangian (5) before symmetry breaking as;

anl: _ (gjlnzw) sin 9‘%} ( fBB+ f\z'vw—wa )
gha, = (%) sima, (25)

2cos 6y,

ghz, = (gZ’zW) Zsclzsegw [2sin 62 fgp_2cos 0% fo + (cos 6.2 —sin 6.2) fay | (8)

where s= sin 6,, , ¢c= cos 6,, , 6,, is the Weinberg angle and m,, is the mass of the W boson.

Hyy and HZy vertices disappear at the tree-level in the SM but they appear at one-loop level. At
high energies (v/s > my,) these one-loop contributions can be expressed with the following effective
lagrangian [35, 36]:

SM SM SM
Lgff) = gﬁm )HAWA‘“’ + g,SZY)HAHVZ“V 9)
(SM) _ 2o SMm) _ a ; i
where, g, ° = o—and gy~ = ——— (5.508 — 0.004i). Here, v is the electroweak vacuum

expectation value and a is the fine structure constant. Therefore during the calculations we consider;

! S I ! !
Liep = £5D + L8 = gy HAWA™ + gii7) A ZF0Y H g ) HA, 2 (10)
where

’ SM

r1_ (1)

HZy_gHZy

12 _ (), (M)
-gHZy - gHZy+gHZy (11)

The decay width of H— Zy and H— yy can be expressed in the terms of gy, g;ley) and g;g;

as follows:

oif, m}

Ly =1 (12)
(1 (2 (mz _m2)3

Ty = Gy + 200 2)° Topie- (13)

In Figure 2- Figure 4, taking into account H—Zy decay of the produced Higgs bosons, the cross
section of main process pp —pyyp —pHp— pZyp is plotted as a function of non-standard

couplings gy, g,(,lz)Y and g,(fz)y for the kinematically allowed interval of 0< & <1—T;—: and for 0.015< ¢

<0.15 and 0.0015< & <0.5.
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Figure 2. The cross section of pp —pyyp —pHp— pZyp as a function of the non-standard ggz)y coupling at a 100
TeV collider. Other non-standard couplings are assumed to be zero.
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Figure 3. The cross section of pp —pyyp —>pHp— pZyp as a function of the non-standard gﬁ,zz)y coupling ata
100 TeV collider. Other non-standard couplings are assumed to be zero.
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Figure 4. The cross section of pp —pyyp —pHp—> pZyp as a function of the non-standard g4, coupling at a 100
TeV collider. Other non-standard couplings are assumed to be zero.

Similarly, in Figure 5, taking into account H—yy decay and the same acceptances mentioned
above, we plot the cross section of main process pp —pyyp —pHp— pyyp as a function of non-standard
Juyy coupling.
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Figure 5. The cross section of pp —pyyp —pHp— pyyp as a function of the non-standard g, coupling at a 100
TeV collider. Other non-standard couplings are assumed to be zero.

In Figure 2- Figure 5, the cross section for the whole region (0< & <1-? ) increases more
p

rapidly as a function of non-standard coupling comparing with the those for forward detector
acceptances. This is reasonable since, the initial yy system’s center-of-mass energy increases as the &
interval increases. In order to obtain a definite result we perform a statistical analysis. We use Poisson
analysis because the SM events’ number is less than 1. Then we obtain 95% C.L. sensitivity constraints
on non-standard coupling parameters. For the number of events we use the formula N = o X Ly,
where o'is the cross section given in Eq.(3) and L;,, is the integrated luminosity. The process, pp —pyyp
—pHp— pyyp receives contributions only Hyy from vertex. Therefore, in this case only non-standard
Juy, coupling is restricted. The corresponding bounds on gy, is given in Figure 6 for future 100 TeV
proton-proton collider with L;,, = 3000 fb~1.
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Figure 6. In the left panel 95% C.L. sensitivity constraints on the coupling gy, are given for the Vs =

100 TeV and L;,, = 3000 fb~1. In the right panel, for the LHC (v/s = 14 TeV, L;,, = 200fb~1) similar
constraints are given. H—yy decay channel is considered as the signal.

This luminosity value has been proposed for future 100 TeV proton-proton collider and used in
similar studies. For example, see [1]. For a comparison, we do a similar analysis for the LHC (+/s =
14 TeV, Ly = 200fb~1). However, the process pp —pyyp —pHp—> pZyp receives contributions both

from Hyy and HZy vertices. Therefore, in this case we have to analyze three independent
D (2)

couplings gy, Iuzy and 9z, - FOr simplicity, we assume that only two of the couplings are free but the
remaining one is zero. In Figure 7- Figure 9, we present 95% C.L. constraints on g},zz)y = GHyy» g},lz)y -

2 1 .
Iy, and g,ggY - g,(ﬂ)Y respectively.

12
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Figure 7. The 95% C.L. sensitivity constraints on g,(fz)y — Guy, for 100 TeV pp collider (left panel) and LHC
(right panel). H—>Zy decay channel is considered as the signal. The solid line shows the bounds for the whole
interval 0< & <1- ? . The dotted and dashed lines indicate the bounds for 0.015< & <0.15 and 0.0015< & <0.5,
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Figure 8. The 95% C.L. sensitivity constraints on gl(jz)y — Guy, Tor 100 TeV pp collider (left panel) and LHC

(right panel). H—>Zy decay channel is considered as the signal. The solid line shows the bounds for the whole

interval 0< § <1- ? The dotted and dashed lines indicate the bounds for 0.015< & <0.15 and 0.0015< & <0.5
P

respectively.
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Figure 9. The 95% C.L. sensitivity constraints on g,(fz)y - gsz)y for 100 TeV pp collider (left panel) and LHC
(right panel). H—>Zy decay channel is considered as the signal. The solid line shows the bounds for the whole
interval 0< § <1- ? t The dotted and dashed lines indicate the bounds for 0.015< & <0.15 and 0.0015< & <0.5,

P

respectively.

3. Conclusions
We investigate the potential of the exclusive single Higgs boson production process at a future 100 TeV

proton-proton collider to examine non-standard HZy and Hyy couplings. We get the sensitivity
constraints on them and compare with the corresponding constraints of LHC. We observe from Figure

13
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6 that future 100 TeV proton-proton collider with integrated luminosity of L;,; = 3000 fb~* enable us
to improve sensitivities on non-standard Higgs bounds by roughly a factor of 2.5 with respect to LHC.
Also in Figure 7-Figure 9 one can simply see that at a future 100 TeV proton-proton collider the
sensitivity bounds on these couplings are roughly 4.5 times better than LHC limits. Thus, we conclude
that a considerable improvement is achieved at a future 100 TeV proton-proton collider to probe non-
standard Higgs constraints.
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