Higgs Self Coupling Systematic Error
from HZZ & HHZZ Coupling
Uncertainties

Tim Barklow (SLAC), Keisuke Fujii (KEK), Junping Tian (U. Tokyo)
Jun 15, 2016



Higgs Self Coupling Systematic Error

Uncertainties for 9,,,, 0,,., INn o(e’e” > HHZ)

We assume that o(e"e” — HHZ) can be described by an effective field theory (EFT) containing
a general SU (2) xU (1) gauge invariant Lagrangian with dimension-6 operators in addition to the SM.

Using the convention of arXiv:1310.5150 we have, before EWSB, the following dim-6 operators:
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Note there are only 8 EFT parameters: ¢, ¢ € ¢, C Cy Cyp C



Now add the CP violating terms:
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After EWSB we have £ = £, + £,+/L,, where
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And the CP violating piece £, = £, + £, + 4, _ Wwhere
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The couplings g'” and g} take the following form in our EFT:
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The CP violating couplings §,,, Gy, K, 4, &, 4, take the following form in our EFT
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The parametersC, , C, ,C; are constrained by electroweak precision tests.
From arXiv:1410.7703 :

: LEP Constraints
Operator Coefficient

Individual Marginalized
Y, — 4 a L vIFSa N _
Ow =3 (H b H) D" W 2 (ew + cp) | (—0.00055,0.0005) | (—0.0033,0.0018)
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The CP violating parameters €, , C.,, . C4, are constrained by the
electric dipole moment of the neutron

| d

We can assume €,, =0 and &, = —C,, atthe 10™ level which leads to

<1.2x10% e cm = A <25x10* and &, evensmaller (?)

neutron

Ciw = ConSpsKz

F. BOUDJEMA, K. HAGIWARA, C. HAMZAOUI, AND K. NUMATA

TABLE II. Contributions of the four anomalous WWy couplings A, }T..},, Ak,, and &, of Eq. (1.1) to
the four electromagnetic form factors of a fermion. The unit, the meaning of signs, and the neglected
pieces are the same as those in Table I.

R, Ay Ay dy
2 2
A, +6A, In—25 +A,mHn— ~tA,m,
LTS oy
7 3 2
Ak, + 32 Ak, A1 tLAk,m} h—z +Ax,myln hz
Fri gy Fri e Ty
1.}, i i;ﬁ.},mf
. AZ
Ky -_Fii‘},mfln:;g-




The TGC's Ax, and Ag? are related to EFT parameters by

Ak, =Cy, +Cyg

A912 =Cy * Chw

At ILC with the full H-20 scenario the error on the TGC's are
A(Ak,) =2x10"
A(AgY) =8x107"

We can then assume at the 10~° level that C,, =

_EHW 6HB

so that we can write g\2’ and g\2) as
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Tesla TDR

couphng error x 10~
vs =Db00GeV | /s = 800 GeV
C,P-conserving, SU(2) x U(1) relations:
Ag? 2.8 1.8
AV 3.1 1.9
Ay 4.3 2.6
C,P-conserving, no relations:
Ag? 15.5 12.6
AV 3.3 1.9
Ay 5.9 3.3
Ary 3.2 1.9
Az 6.7 3.0
not C or P conserving:
g% 16.5 14.4
g7 45.9 18.3
Kz, 39.0 14.3
Az 7.5 3.0

Table 5.1.1: Results of the single parameter fits (1o ) to the different triple gauge couplings.
For /5 =500 GeV £ = 500fh~! and for \/5 = 800 GeV L = 1000fb ™! has been assumed.
For both energies P,— = 80% and P.+ = 60% has been used.

For H20 A%, =0.0039/+/8

So we conclude €, =0 at the 10~ level ,
leaving us with one remaining CP violating parameter €,

= AC,, =C,,S,sAKk, =0.0011
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Through EWPT's and ILC measurements of TGC's the number of independent

EFT parameters has been reduced from 12 to just5: ¢, ,C, ,C,, ,C;, €,

~

The parametersc,, ,C, ,C,, ,C, arerelated to the measured g,,,,, » 9,z » b, , b, couplings via
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Juww » 9y, are the usual couplings of the Higgsto W & Z

The "b" and "b" parameters are the anomalous HVV Lorentz structure coefficients studied
by Fujii, Tian, Ogawa and others:

HWW arXiv:1011.5805
HzZZ Talk by T. Ogawa at LCWS15 http://agenda.linearcollider.org/event/6662/
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The full EFT Lagrangian can be written using the measured variables g,,,, g,,, b, b, and the
one remaining unconstrained EFT parameter C,

2
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In this EFT approach all of the couplings in the calculation of o(ee” — HHZ) are tightly
constrained by the other Higgs coupling measurements, TGC measurements, and EWPT's.

The only unconstrained parameter is the anomalous Higgs self coupling T, , which is uniquely

accessed through the measurement of o(e'e” — HHZ).

The unmeasured ZZHH quartic coupling is related to the HZZ and HWW couplings, which are
measured to 0.3% and 0.4%, respectively, at the ILC in the H-20 scenario. The systematic
error due to the unmeasured quartic coupling is therefore very small.
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FCC-ee Higgs Self Coupling Measurement at Ecm=240 GeV

M. McCullough, arXiv:1312.3322

d,,, fixed to SM value (o, =0)
d,,z, fixed to SM value

5 0.004
5H pu— pu—
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=29%
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6210 =100 (267 + 0.0146) %

Examples of
BSM physics
with 6, #0 :

Neutral scalar partners

Canonically normalize kinetic term—shift a

Shiftdrops outof al covpling o
vatios; can't be moasured at LHE |

eol? v? 1
P e log
8% i Wl -1 |1

___.___

Higgs mixes wj heavy resonances
couplings dictated by symmetries
(as in the chiral lagrangian)

f= decay constant of pNGB Higgs

Coupling deviation contributes to pregision electioweak

Pre-LHC constraints as gmdmm )
as reach of LHC Higgs L — dwy S 5%
coupling measurements T

(Not-s0) Hidden New Physics

+ Thus, due to extremely high precision
measurements, in this very challenging
seenario an e'e collider offers the possibility
of discovering the indirect effects of hidden
particles

« Cross section at CEPC modified by:

2/ralre - 1)

where T = i} /4mZ and dozn = (o7 — o)) /o)

Neutral fermionic partners

e.q. Twin Higgs

No direct sensitivity @ LHC 20
Higgs is a pNGB; coupling |
daviations like those of
composite Higgs models

donls)

e I

£sels Mass scale for neutral  opl e a - sior—sse
top partners; definitive and or o]
test of “neutral” naturalness.

Results: Inert Doublet

£l 0
e, [GeV] .
dzn=1% H

« As expected, corrections to associated
production are observable!
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CEPC Higgs Self Coupling Measurement at Ecm=240 GeV

r

M. McCullough, arXiv:1312.3322 5210 =100 (26, + 0.0146;,) %

d,,, fixed to SM value (o, =0)
d,,z, fixed to SM value

~ 50,0051

5, = - = 36%
0.014  0.014

Note: Oft quoted 30% error comes from combining CEPC with 50% HL-LHC meas.
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M. McCullough,
arXiv:1312.3322
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FIG. 3: Indirect 1o constraints possible in 0z — dp param-
eter space by combining associated production cross section
measurements of 0.4% (1%-estimated) precision at /s = 240
GeV, (350 GeV) in solid black. It should be kept in mind
that for large values of || this ellipse can only be consid-
ered qualitatively as the calculation i1s only valid to lowest
order in 0. The different axes scales should also be noted.
Direct constraints possible at the high luminosity LHC and
1 TeV ILC (with LU denoting luminosity upgrade) are also
shown for comparison. Lines are drawn to emphasize that
direct constraints do not suffer from uncertainty in the hZZ
coupling.
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