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ZZ: a well measured channel

AMPLITUDE OF gg! ZZ

ATLAS and CMS -&- ATLAS+CMS

LHC Run 1 . ATLAS H — ZZ: ene dff the lhestrneasure(

=+ CMS

— 115 chamnelks fisrm HHiggsddiscover

—+2%

Offer best sensitivity for Higgs off-shell signal
to indirectly bound on the total width.

Constraints on the @f-shel Hiwmfsﬁﬁﬁahstrength in the
high-massZZ and WW gl sttsttsswiithithe ATLAS detector

The ATLAS Collaboration
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Parameter value Measurements of the ZZ and WM final states in the mass range above the 2m; and 2myy

thresholds provide a unique Qpportunity to measure the oli-shell coupling strength of the
Higgs boson. This paper presents constraints on the oi-shell Higgs boson event yields nor-
malised to the Standard Model prediction (signal strength) in the ZZ! 4!,ZZ! 2!2" and
WW!  e'y" final states. The result is based on pjp collision data collected by the ATLAS
experiment.at the LHC, corresponding to an integrated luminosity of 20.3 fb™' at a collision
energy of S = 8 TeV. Using the CLs method, the observed 95% confidence level (CL)
upper limit on the o! -shell signal strength is in the range 5.1-8.6, with an expected range
of 6.7-11.0. In each case the range is determined by varying the unknown gg ! ZZ and
99! WWhbackground K-factor from higher-order QCD corrections between half and twice
the value of the known signal K-factor, Assuming the relevant Higgs boson couplings are
independent of the energy scale of the Higgg production, a combination with the on-shell
measurements yields an observed (expected) 95% CL upper limit on " /" M in the range
4.5-7.5 (6.5-11.2) using the same variations of the background K-factor. Assuming that
the unknown gg! VYV background K-factor is equal to the signal K-factor, this translates
into an observed (expected) 95% CL upper limit on the Higgs boson total width of 22.7
(33.0) MeV.
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Example Feynman dilagramsfiargg!  ZZ process
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Example Feynman dilagramsfiargg!  ZZ process

S >>mny limit |




There Is large cancelation between Higgs and box
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Example Feynman dliagrtamsiiargg! ZZ process

S >>mmy limit | : mé s
A99" 2r21(00%) 4o gC2 sq 2 log®(s/m ;)
2

% $ log® (s/m;).




There Is large cancelation between Higgs and box
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Example Feynman dliagrtamsiiargg! ZZ process

S >>my, limit | : mé
i A88 220 (b2) 4g go2 _ 9 82 log®(s/m ;)
s m3
% $ log® (s/m;).
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The large log-diverging term cancellation shown in distribution

AMPLITUDE OF gg! ZZ

box-Iq box-tb

99>Z2Z2
— gg>ZZ with TT pol
——— gg>ZZ with TL pol
g9>ZZ with LL pol

The individual

d" /dMZZ [fb/GeV]

polarization modes

for gg>ZZ process

In the high energy
region.
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Class of NP model modify the scalar propagator -> a log-deviating term -> enhanced in LL mode
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Class of NP model modify the scalar propagator -> a log-deviating term -> enhanced in LL mode
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iThe !EAQ y term dlctate the polarlzatlon of the flnal state ZOs

‘which is ]blomlnated by the rising LL mode from

( energy grows
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Class of NP model modify the scalar propagator -> a log-deviating term -> enhanced in LL mode
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Agg! I ! ZZ!
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f The ' A1 !ng y term dlctate the polarlzatlon of the flnal state ZOs
‘which is dominated by the rising LL mode from
(energy grows

| The modlflcatlon of the scalar propagator destroys the exact cancellatlon
]’ of the Io'(s/mlf) term between the Higgs and the box contribution
| (SI\/I) and reveals the hlgh energy scale dlverglng behaV|or In the LL mode




Class of NP model modify the scalar propagator -> a log-deviating term -> enhanced in LL mode

AMPLITUDE OFgg! ZZ

L-i

Agg! I ! ZZ!

—— e — -

iThe !EAQ y term dlctate the polarlzatlon of the flnal state ZOs

‘which is ]blomlnated by the rising LL mode from

( energy grows

| The modlflcatlon of the scalar propagator destroys the exact cancellatlon

]’ of the IO'(S/mlf) term between the Higgs and the box contribution
| (SI\/I) and reveals the hlgh energy scale dlverglng behaV|or In the > mode

Additional form factor such as dim-6 operator 1®l*Z,.. 2% would change the Lorentz
structure of the HZZ coupling. The general form  PuPr. and Ep bt P Py

could be independently probed by energy dependence and CPV angle distribution. So
we can leave these further complication to future discussion.




Higgs portal light scalar ms>mh/2

CASE A: LIGHT SCALAR

We take an example of a complex scalar in the Higgs sector, with mass 80 GeV:.

L =Lsu + $,SH"S* ].12|S|2 " 04S|?|P|?.

With the additional scalar with zero vev, larger than mh/2, the scenario difficult to
probe except for at a lepton collider, but as shown in 1710.02149 , deviation
would shown through high energy tail of gg>ZZ:

i

Propagator = ; 16
p2 L m2 + il'ymp ! i, (p?)

%.(s) Is the one-loop renormalized two point function of the Higgs propagator




Large energy, self energy correction term modification pattern of Higgs amp

CASE A: LIGHT SCALAR

$ I

L = Leu + $,S8"S* ™ p2S|2" %US|?|D|2.
| =4, p!, large @noygh ms = 80 GeV

The real part corresponds to when S in the loop ¢ - k
gets on shell, which does not vanish as energy rises. =3

w0 400

| ANGULAR SHIFT IN THE COMPLEX AMPLITUDE |

*

| NON-CANCELLATION OF THE LOG-TERM |




Null-concellation shows up is mostly from LL mode

CASE A: LIGHT SCALAR

L = Lgy + $pS$p * Lu2|S|2 - %S|2|(I)|2.
| =4, p* !, large @noygh ms = 80 GeV

The real part corresponds to when S in the loop
gets on shell, which does not vanish as energy rises.

— qq — ZZ(BSM) -
— g9 — ZZ(BSM) |
— 99— ZZ(SM)

- BSM/SM B
orr/oror(BSM)
r(SM)

(

ULL/UTOT BSM)

800 1000 1200




Heavy neutral scalar that mix with SM Higgs shows interfering pattern

CASE B: BROAD-WIDTH HEAVY SCALAR

L # Lsm $ us S| H =sinh SPY 4 cos b HPY

s tah = !\/(usv)zi(s?:%_m%)z (Mg &> mj) & psv/mig

i cosh? F | sin 6?2

Propagator =
Pag pz—m% p2—m?g

Mg =800 GeV and cosa = 0.4 \#g = 400




QCH case shows a sudden enhance in LL mode above continuum scale

CASE C: QUANTUM CRITICAL HIGGS

Quantum Critical Higgs predict a higher scale continuum in the scalar
sector. The scalar evolves with a different anomalous dimension above
some continuum scale. We consider here a minimal scenario where:
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CASE C: QUANTUM CRITICAL HIGGS

Quantum Critical Higgs predict a higher scale continuum in the scalar
sector. The scalar evolves with a different anomalous dimension above
some continuum scale. We consider here a minimal scenario where:

AN
(HQ L p2 L ig)sz L (“2 1 m%)Z! !

Gh(p) ="

o (HQ)Z.L-A " (“2 " p2)2! !

SM
Ohzz = Ohzz

S

=400 GeV, A=1.6
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QCH case shows a sudden enhance in LL mode above continuum scale

CASE C: QUANTUM CRITICAL HIGGS

Quantum Critical Higgs predict a higher scale continuum in the scalar
sector. The scalar evolves with a different anomalous dimension above
some continuum scale. We consider here a minimal scenario where:

 BSMITT"
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Z polarization corresponds to decay angle cos !, distribution, basic cuts

DISCRIMINANT AND ANALYSIS

Z Polarization ===l Angle cos@ dist. from decay

1 d#

#dcost
1 d#

#dcost

Transverse : 2(1+cos?")

Longitudinal :

To optimize the longitudinal over
transverse mode significance:

3
4
3
g
[

* Hqo2Z-e eyt
o * Hf-ob-2Zoe7e "
—0.68 < cos¥ < 0.68 = el B GO
cos 0 = 0.68 08
@ O.6é

(I, Ir} =86%, 59% ©,,

e g Seu R
Signibcanee : —=  ~ 1.1Z | |
Sﬂ@ cut T R T e g e Y

0.0 0.2 0.4 0.6 0.8 1.0




Angle cos!” is useful removing gg background

DISCRIMINANT AND ANALYSIS

1 dv |, cosb* +1

L doost* - co@ bt # 1
1 db

1 dcosh*

2
qq! ZZ : . O(m?z)

gg! h! ZZ: = gonstant, Gs# channel scalar

> 2 ] * YqZZ-e"e' ' i
Ocenter of mass rest frameO ¢ ' 4Bz e )t

To optimize over the qq background:

3
&
+
=

cosV' < 0.7

Significance :




Cut based Analysis results show minor improvement e.g. QCH

DISCRIMINANT AND ANALYSIS

pp>e-e+mu-mu+ (bcut: pt_I>10,eta_I<2.5, miI>50,
scut: m_41>600)

Delphes_Detector_Effects

no_cut
bcut

LO_xsec
(bcut,scut,
fb)

k-factor
weighted

NEvents
(3ab-1)
2e2mu-jets
80<mli<100

costh*<0.7

costh1<0.68

qo>Z2Z
[SM]

24.45

10.8

2.55E-01

3.06E-01

9.18E+02

4.95E+02

3.76E+02

1.85E+02

1.20E+02

*MEM, BDT In progress

gg>h>Z7

2.03E-02

4.06E-02

1.22E+02

1.06E+02

8.46E+01

7.29E+01

g9>ZZ [SM] gg>ZZ[case gg>ZZ[case gg>ZZ[case gg>ZZ[case gg>ZZ[cas h/sqrt(qq)

3.7

1.754

1.82E-02

3.64E-02

1.09E+02

6.36E+01

5.19E+01

3.42E+01

2.40E+01

Altot

2.42E-02

4.84E-02

1.45E+02

1.22E+02

8.01E+01

5.97E+01

Alnlo2

2.66E-03

5.33E-03

1.60E+01

1.40E+01

1.11E+01

9.55E+00

2.15E-02

4.31E-02

1.29E+02

1.08E+02

6.90E+01

5.02E+01

1.632

2.13E-02

4.26E-02

1.28E+02

1.06E+02

7.07E+01

5.24E+01

eC]

2.64E-02

5.28E-02

1.58E+02

9.31E+01

7.72E+01

5.49E+01

4.22E+01

4.02E+00

0.00E+00

5.48E+00

6.23E+00

6.66E+00

(BSM-SM)/
sqrt(SM)

1.25E+00

1.22E+00

1.40E+00

1.52E+00




THANKS!




