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1). An overview of the anomalous VVH study
Z7H/yZH and WWH induced with dim-6 operators
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anomalous ZZH : 3 parameters fit

Notation on ZZH => az, bz, btz parameters
assuming beam Pol. left/right
by -~ SHY
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Lom ZWH—I- H

(A=1TeV)

All SM bkgs are considered
Detector response is considered.

The sensitivity can not be given with norm. only.
The shape information 1s critical for the determination.

EPS17 talk
https://indico.cern.ch/event/466934/contributions/2588482/
Annual ILC physics and detector meeting

https://agenda.linearcollider.org/event/7837/contributions/
40946 /attachments/32854/4 1 /annualMeeting 1 8.pdf

Energy 1s also can improve the sensitivity

H20 operation (250GeV 2ab™!)

https://arxiv.org/abs/1506.07830
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anomalous ZZH/yZH : 3 parameters fit

+ A and Z are mixing through SU2xU1 gauge symmetry

B couples to er. and er in the same way. C x vw(j/ + Cuz x MO/

W3 couples to er. only.

\ \
\ \

—>Beam polarization can disentangle them

- The Lagrangian 1s replaced
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anomalous WWH : 3 parameters fit LCWs17
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The sensitivities to anomalous VVH

+ ILC full operation (including 500GeV studies) C;,)l%}gg?czomn on
9 3 v
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The values given above are direct measurement
without any assumption.

When performing the global fitting by using the other channels
the results could be improved more.
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The sensitivities to anomalous VVH
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11 ~ KBSM configuration conf. inter. conf. inter. KBSM KsM from SM
R uv uv SV =0

AN k12220 2" + tan akazz Zyw 24 | KEVV (Kige=loksv=1 | [-2.9,3.2]  [0.8,4.5] 2.9 : 230
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2). An application of a Matrix Element method
toward further improvement of the sensitivity

ZH — w'uwH, s =250GeV
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Matrix Element Method

- An objective 1s clear

Try to encode all available kinematical information

on an event into a single observable .

LHC, Tevatron ... have used it !

N . +,,71 2
Observation in an event ¢ 2 L T HRH
in terms of differential o Probability = dd
LO N
R IM(PH)]? ¢ H
By — :
P") o dd Matrix Element
- However, ISR, beam-strahlung, and FSR
NLO effects Y
. + . +,,” 4+ Z —_ +,,
Matrix Element doesn't fit  © 2 S ) Ziy HH
reaction anymore \
\ N bt
e” ~H e “H

ILCSoft framework : Marlin-PHY SSIM

The development 1s on going by Junping, Keisuke

Matrix Element Calculation
based on PHYSSIM , Junping Tian

https://agenda.linearcollider.org/event/6301/contributions/29469/
attachments/24440/37804/MatrixElement AWLC14.pdf
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Application : constructing probability

- General expression .
Integration over phase-space

Acceptance function
for four momenta

Event probability based on
: : A A
diff. cross-section o 1 . =, .,
Pshape(p ,u; va> — = d(I) |M( s va)| T(p a — D )ACC(p )
Acclay) olav) v v
»
Overall Y - Matrix Element  Transfer function
acceptance ~ Normalization (detector resolution)
5 [T = I
Assuming momenta “ oas} —APP :
are precisely measurable 2
RMS Q00223 2 400208 § - W&' "I'rPl-I-i-I-"I'LP ,_I_rI-LI_'
. ) 0.1} < 06 e o T
Transfer is replaced with 0 E
> 04F
= . - ! B
T(p’u N ]5#) — 5(pﬁb _p,u) 0.05} AP/P ol
function is just extracted S E— — . R "
PMC Preco AP (P\K pR WP EVent acceptance A(I)ff

AWH( )|MZH—>M/~LH(]7M JV) ‘2

Azt (aV>UZH—>uuH(aV)

\/
Denominator : integration is done including an acceptance function

using PHYSSIM generator

Pshape (ﬁﬂ’ 5V) —
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Application : trial for the signal

+ Chi-squared
1 x> = —2log AL = —2w(log L(dy ) — log Lsns)
W . afactor for scaling the norm. to #expected ~1623

i i ) . ] ] (after bkg suppression in the shape analysis)
« Likelihood function (unbinned estimation)

/:’(C_L)V) — £shape(6V)
MCevents
— H Pshape (]5;”7 EL)V)
=1 '

momenta: W, W, and it’s recoil info.

- Event probability

ABHH (51 T He 2 Y[ 2
Prihape(P; Qv ) = —= OH) Mz (55 8v) Denominator :

H/ = —
Act (@v)ozu Supk (Av) > integration is done including Acc
is also calculated without ISR, BSL, FSR

. TRCIvHIggs.M() {fRCIvHiggs.M()>1}

+ MarlinPhyssim : Calculator 1s LO oaf R
. ;s Iqulu_ Sample : ()._a/ | J
- 1). no ISR, no BSL, and no FSR — .| '

2). with ISR, BSL and FSR '

UA &

X .
(_’- A H 0 ’ 3 7 5 r 3
250GeV 120 125 130 135 140

Mrecoil [GeV] 15



Application : trial for the signal

+ b bs bt contours in the 2-parameter space

- A consistent situation: LO, hopefully it’s perspective improvement

' ME :1sLO
* ZH— p'wH (signal only) Sample : noISR.BSL,and FSR
250GeV 250fb" [b vs bt] Denomi. : is calculated based on LO
AX? = X2 XPnin
sl Bkgs'are Not included

bt 3

20

(S

2F -1 7115

sk MC truth ]

1F mostouterd - o

Bmnned shape analysis
(previous shape study)

=1 0.5 0 0.5

B 0
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Application : trial for the signal

+ b bs bt contours in the 2-parameter space

- A consistent situation: LO, hopefully it’s perspective improvement

- NLO effects, — change shape, direct usage of momenta give large impact
— shift minimum, falsehood sensitivity

- Need to handle NLO effects correctly if wants to exceed 1% sensitivity

ME . 1ISLO ME . 1SLO
* ZH— p'y)H (signal only) Sample : noISR,BSL.andFSR  Sample : with ISR. BSL..and FSR
250GeV 250fb! [b vs bt] Denomi. : iscalculated basedon LO  Denomi. : is calculated based on LO

Ax? = x2—x2n AXE =22

bt 3

20 obt 3

20

: - Ll Bkgs are Not included .| Bkgsare Not included
| - most outer i ~ i :
[ \v2=0 :-'x 2F -~ =15 2+ 4 s
d; 05 st MC truth j L5} MC truth -
{H: I L most outer; {10 | L 4 w0
I W sl =9 W .'
- : : - “ b oF 1 Of .‘ = B
Binned shape analysis 4. . | - *
(previous shape study)  {H: 05F T 0T ]
5 . : : ] B : - 0
< 0.5 0 0.5 b ! s o o5 N b T 05 0 0.5 1

bt 1/



Summary

1). An overview of the anomalous VVH study
//7H/yZH and WWH induced with dim-6 operators

+ Model independently the sensitivities to the structures were evaluated.
(including 500GeV operation)

+ SM-like ZZH/WWH structures ~2%
« new ZZH/yZH structures < 1%

- new WWH structures 3~7 % and ~17%

2). An application of a Matrix Element method
toward further improvement of the sensitivity

- Try to encode all information into a single observable

Intrinsically the improvement could be given,
however, it turns out that NLO effects (ISR, BSL)
affect to results largely when discussing the sensitivity ~1%

Need to handle carefully, we will start to develop it to include ISR & BSL
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Observables (anom-Z.7.)

a different CP-even structure

Focusing on ZZH SM-like coupling
Lopn — M2(1+“Z)Z ) EaLy Z’“’H+bZZ 7 H
S TR 2N 2N

_ . a CP-violating structure
Structures vary Kinematics

running weak/hyper charge,
E>

B2
&
one like e

an electroweak magnetic field
could be generated

A 4

Result in EM dynamics In the Laboratory frame

would give peculiar kinematical distributions
o e’e - ZH — I'TH
FILWF’MV X Bl‘BQ—El’EQ

Fo L E . B, take a parallel state cosOz : a production of the Z.

cosOf*: a helicity angle of a Z’s daughter.
makes both planes tend to take AD

, : an angle b/w two production plane.
a perpendicular state
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Observables (anom-Z.7.)
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Observables (anom-Z.7.)
ZH —qqH, s = 250GeV
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Observables (anom-Z.7.)

Focusing on

Lozg = M2(1—I—A)

ZZfusion

ZZH SM-like coupling
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a different CP-even structure
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Observables (anom-WW)

Focusing on WWH SM-like coupling N
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The Higgs-straulung
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1/ do/dPy,,
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Observables (anom-WW)

ZH — H — WW*decay
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Observables (anom-WW)

ZH — H — WW¥* decay
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Observables (anom-WW)

250, 500GeV

WW-fusion Production

is possible

Higgs related observables
momentum & production
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Observables (Production Cross-section)

Coan = w3(1+ %

No energy dependence on a

Recover the SM with - A/v
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Analysis Strategy Detector Responce function

Constructing an event acceptance 7 and a migration matrix f

(theoretical distributions => realistic distributions observed in reality )
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Evaluation of the sensitivity

Binned info. derived form shape

“Generator level” distribution

Normalized to Nsm calculated do/dX with explicit parameters.
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WW-fusion 250 GeV

t-channel variation
due to WWH
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Z./H a-b

Normalization from ZH and Z.Z

Both az & bz can adjust each other
by making o increase & decrease
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increase 0. Thus, the bound 1s quickly restricted
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For this direction < [
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the bound 1s strongly constrained.
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WWH a-b
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WWH a-b 250 & 500 GeV
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