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Introduction

Plans for Run 2 and beyond

@ Perform combined studies of many (all) parameters in the matrix element
@ Take all correlations between different operators into account
@ Use constraining power from rate & shape information

@ Combine results from different channels

3

Challenge: large parameter space

— For properties necessary to build a signal model taking all parameters into account
simultaneously & modelling all interference effects — Morphing

+

Test VBF sensitivity of the input parameters in a VBF H — pu study
— Look at optimisation of Basis sample set
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Introduction

@ Measurements based on formulation of Likelihood L(x|6)

@ Predict observable distribution from a composite model:
HEP model x soft physics x detector response X reconstruction

@ Provide smooth interpolation of the Likelihood

Empirical R,
m  descrip- Ninterpolation
tions

9gBSM
9BSM

Physics
inspired

gsMm

Conclusion
o
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Effective field theory framework implemented in Higgs Characterisation model

@ Effective Lagrangian for the interaction of scalar and pseudo-scalar states with vector bosons

y 1 . o Used in Run1
Lo :{CocKSM [EQHZZZMZH‘FQHWWWP, w “}
Plan Run2

- [caktiyyGryyAuv A" + sakayyGayyAuv A |

[Ca K'HZyQHZ;/ZuvA + S KAZ’)/gAZ’)/Z[lVA” ]
[Ca KiggdHgg Gy G + Sa KaggGagg Giiy G*H v]
1 v v
A [ CaKHzzZuvZ"" + Sa K'AZZZp.vZ }

[Ca Krww Wity WHY + so Kaww Wi, W_”V}

>\_x|\>\—~4>\—-4=-\—kr\>\—~4>. -

> =

Ca [KpayZvdu A" + Ko z2v0uZ"Y + kngw (Wi 9y WY + h.c.)] }XO

@ Implemented in MADGRAPH5_AMC@NLO
_ 1
@ AN=1TeV,cosa = 7 fixed

@ Define full coupling parameter as gx (€.9. gaww = Sa Kaww/N)
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Signal model construction: Morphing

@ Morphing function for an observable T, at any coupling point _Z]ta,ge, constructed from
weighted sum of input samples Tj, at fixed coupling points g;

Ninput

Tout(atarget) = Z Wi(étarget?éi) . Tln(al) eg. T=Ag J
i=1

- -1
Mix Interference
'S
\/\/ +1 /\ gsm - gssm W
_— _—

N
BSM
M —1 5
IBsm
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Example for 2 free parameters in one vertex

@ Process with two parameters applied in one vertex: gsy and gesm
@ Matrix element can be factorized:

M(gsm gssm) = GsmOsm + JesmOssu

Conclusion
[e]

|M(gsu,gasm) \2 = ggM |Osm |2 + QSSM |Ossm |2 + 29smGssmR (OanOssm)

@ Distribution of a kinematic observable proportional to the matrix element squared

T(gsm, Gasm) < [M(gsm. gasm ) |?

@ 3 generated distributions needed to obtain distribution with arbitrary parameters

@ E.g. generate MC events for T(1,0), 7(0,1), T(1,1)
Tin(1,0) o< |Osu[?
Tin(0,1) o< |OBSM|2
Tin(1,1) o< [Osu[? + |Ossu|® + 2R (05 Ossm)

@ Distribution with arbitrary parameters (gsu, gssw)

Tout(gsm; Gssm) = (gSM2 — gsmgssm) Tin(1,0) + (gBSM2 — gsmTssm) Tin(0,1) + gsmgssm Tin(1,1)
N — (S — ——

=w =Ws

=ws 6/28
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Example for 2 free parameters in one vertex: generalisation of input parameter

@ Generalize to arbitrary input parameters g; used to generate input distributions Ti(d;)

Tin(9sm,i, Gasm,i) o< QSM,/2|OSM \2 aF QBSMJ2|OBSM |2 +29swm,i98sm, iR (O Ossm),

ion

@ Ansatz for output distribution

Tout(9sm, gasm) = (a1 gSM2 + 812955M2 + ay3gsmgssm) Tin(gsrvm , 9BsMm, 1 )
wi

+ (@21 gsm® + @22ssm® + 323gsmTasm) Tin(9sm,2, Gesm.2)
W

+ (a319su® + as298sm° + as3gsmesu) Tin(gsm.3; Gesm3)

W3
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Example for 2 operators in one vertex

@ Toyt should be equal to Tip for Grarger = Gi

2 2
1= a11gsm,1° + @1298sm,1” + @139sm,198sMm,1

2 2
0= a219sm,1° + @2298sm,1” + @239sm,19BsM,1

@ Constraints in matrix form

2 2 2
apy a2 ais 9sm,1 9sm,2 9sm,3
2 2 2 _
a1 a2 a3 |- IBswm,1 9Bsm,2 9Bsm,3 =1
az1 ag2 ass Osm,198sm,1  9sm,298Bsm,2  Jsm,39Bsm,3
& A-G=1

@ Definite solution A= G~' requires the samples to have parameters such that det(G) # 0
@ Very flexible in choosing the parameters for the input distributions
— Can be chosen to reduce statistical uncertainty in considered parameter space
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General morphing and number of input distributions

@ More complicated when processes share amplitudes between production and decay,
for example VBF H — VV

@ General matrix element squared at LO & assuming narrow-width-approximation
(ignoring the effect on the total width)
= polynomials of 2nd order in production and 2nd order in decay

Np+ns Ng—+ns
T(g) =< ‘M(§)|2 = ( Z gIOI> ( Z g]O]>

production vertex decay vertex

with number of parameters in production vertex (n,), decay vertex (ny) and shared in vertices (ns)

@ Number of required input distributions equal to
number of different terms in expanded matrix element squared
— dependent on process and considered parameters
— Ninput function of np, ng and ng
@ Example: 13 free parameters for VBF H—ZZ process:
@ np = 4 operators in production: Grww, Gaww, Guow, Ghow

@ ngs = 9 operators in both vertices:  gsw, Guzz, Gazz, GHozs Gryyr Gayys Grzys Gazys Ghay
@ ng = 0, no operators only in decay

1605 samples needed!
Reduction of considered operators favourable — see VBF study

U

N
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Generality of the method

Morphing only requires that any differential cross section can be expressed as
polynomial in BSM couplings

Method can be used on any generator that allows one to vary input couplings

Works on truth and reco-level distributions

Independent of physics process

Works on distributions and cross sections

10/28
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Comparison of methods

@ Needed: MC samples covering wide range of values for coupling parameters
@ Run 1 HWW and HZZ analyses: Matrix Element Reweighting
(Event by event matrix element reweighting of one source MC sample with large statistics)

|M(§targe1) |2

W(.atarget) = w(g) m

ME Reweighting

For every configuration point @ only calculates linear sums of coefficients

@ rerun analysis @ all other inputs are pre-computed once

@ write event weights to disk @ computationally fast & convenient tool
@ additional interpolation

@ Morphing function: Instead of “matrix element reweighting” use morphing to obtain a
distribution with arbitrary coupling parameters
@ Can be applied directly and without change to
o Cross sections
@ Distributions (before or after detector simulation)
@ MC events
@ Exact continuous analytical description of rates and shapes

@ Even possible to fit coupling parameters to data & derive limits
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VBF H—WW example

@ VBF H—-WW process with SM (gsy) and 2 BSM operators (guww, 9aww)
— 15 samples with different parameters needed

@ 50k events generated for each sample

@ Kinematic observable used: A¢;

@ Only signal considered

Conclusion
[e]
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VBF H—WW example: Samples

@ Expect only small deviations from SM
— gsw = 1 for all input samples (A = 1TeV, cosa = %)
— BSM parameter limits chosen such that Gpye sBsm ~ Osm
— all other BSM parameters set to 0

@ Scatter plot shows blue points in (gaww;gHww) Space used to generate input samples

@ A validation sample is produced at the red point for cross-check
— morphing can reproduce the distribution there
— fit can reproduce the parameters from the validation sample

| @ input samples, x5y = V2 @ validation samples

e
o
V0, rsy=1.447

Raww

KHWW

Conclusion
[e]
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2350 MadGraph5_aMC@NLO  ATLAS Simulation internal

= Input samples:

.£300

» _ KAWWZ-ID].SQS Kouw=-3.19074, K5M—141421

=

1]

3250 KAWW =-471792, Kypypy=-1- .

k] e K S2.11456, Ky =4.67437, K, =141421

5200 K =-4.97422, Ky =-3.97667, K, =141421 =
g

£150]

100
50
S H A AR I
% 05 5 3
Ao
i
2350 MadGraph5_aMC@NLO ATLAS Simulation internal
S E Input samples:
£300—
9 E —— Kuw=3.10889, Ky, =248143, Kg,=141421
5 C
2250=
3 250E
5
o =
2
E
S
=

@
=]
IRARRRRRRN

T A U BV RN R
9 0.5 1 15 2 25

VBF vertex
0000000

w
@
S

Sample basis choice
00000 [e]

VBF H—+WW example: Input and validation distributions

number of events in 10 fb*
BN N W
o (=3 o o
g 8 & 8

=
1)
S

@
=}

MadGraph5_aMC@NLO  ATLAS Simulation internal
Input samples:

Kgy=1.41421

2.31040, Ky, =4.64925, Kg,=1.41421
.00000, Ky, =0.00000, K g, =1.41421

P S I I EAE R IR B
0.5 15

49

E MadGraph5_aMC@NLO  ATLAS Simulation internal

Validation samples:

————— Kpuw 527479, Ky =-2.74170, K, =1.44720

=
=
= -
[—] ::
= —
T S I S S SIS
05 1 15 2 25
aq

Conclusion
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VBF H—+WW example: Morphing and fit to validation sample

@ Morphing and fit to validation distr. (pseudo-data)
@ Validation and morphed distribution stat. independent

o Agreement in morphing within MC stat. uncertainty
@ Fit results match nominal values within fit uncertainties

‘ Ksm Khww — Kaww

Ksm 1.00 020 -0.95
Kqww | 0.20  1.00  0.09
Kaww | -0.95  0.09 1.00

@ Sensitivity on parameters shown in fit uncert.

@ Correlations vary at different parameter point

a C
9300 MadGraph5_aMC@NLO  ATLAS Simulation internal
'2250’+ watoca VBF: H o WW S [vly, \s=13TeV
& —+— morphing Ky = 1.45073 +/- 0.01765 (nom.: 1.44720)
3 fit Ky = -2-50485 +/- 0.17706 (nom.: -2.74170)
S 200? Kaww = 5.22767 +/- 0.25318 (nom.: 5.27479)
g F
—
Ei1s0 =
f= |
100~
50
0:\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\
0 0.5 1 1.5 2 25 3
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Study of the VBF vertex

@ Many operators enter VBF
@ Goal: neglect operators without losing generality to minimize number of needed samples

a3 \)\/ []]
N B

@ Technical choice of H— 1t decay: no crossover between production and decay
@ Full set of 13 VBF prod. op. leads to 91 samples to produce: still manageable

@ Generator level, signal only samples used with 30k events each

@ Setup fit to SM input sample

@ Learn correlations between operators
Explore sensitivity

o
o uses observables: Agy, pif, mj, An;
o Understand which operators have negligible influence on VBF

16/28
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Cross sections and shapes depending on VBF couplings

@ BSM coupling parameters chosen such that one-operator pure BSM samples
correspond to SM VBF cross section

1 0. T T T T T T

9 > T T T T T
S0.00E pure SM E & 0.1 pure SM |
Khzz - KK 130" K ™0 3 (K 3K ) K0
” £008 ) 0 E 008 ) 0 ]
3 £=4
AZZ %,0.07* E e 1
Knww £006- E = f ]
©0.05- E £0.04
Kaww ‘ £
0.04F E ®0.02F B
K‘HZy 0.035.. .. I . , I = \ . . i ,
0 05 1 15 2 25 3 0 500 1000 1500 2000 2500 3000
Kazy A m; [GeV]
K > 03 e e e T
Ry 30 25 pure SM E 33'127 pure SM E
KAY’Y 3 XK g1 ) Kip™0 ; 0: Iy XK 5K ) Kt ™0 3
= 02k XK K1) K <O E 5 XK 5Ky ) K <O
K a2l 20.125 E
HoZ € a
30.15( E gor E
Khoy 2 3 E £0.08= E
K g 0.1 0.06 3
How B0.05[- E g-g‘z" E
Khow* e SR B Ty
10020030040050060070080090GL000 123455678
e Y

@ Production of 91 samples (A = 1000GeV, cos & = 1/v/2, ksy = v/2)
@ 1 pure SM sample
@ 24 samples with SM + 1 BSM (£ Kaswm)
@ 66 samples with SM + 2 BSM (4 Kgsu)
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Combined distribution of four observables

0.12

o [ T T
] L ]
n O S | 4 >
I . S o1 —f— pure SM 1 Fof T e E
; M) rae>0. -~ . 2, M) K10
£0.08} T . B ©0.0855, Bl
g ) D MIX(K sy o) K ™0 b e
3, = SM™ Hww Hww’ - "
20076 & So.06- b
So06F | — [ i 3 1 k)
H EES] €0.08+— MIX(K gpK o) K <0 — Sooi E
S0y B sV.Uor 1 3
0.04 D:qI':s:t g L i ®0.02F 4
0.0: = o —
05 1 15 2 25 3 =] 500 1000 1500 2000 2500 30X
AQ (50.067 o | m, [Gev]
e —— - o+ I S|
EEEE— - ) q e
0 o) r 0. 9
a a 0.18}
— - — S —— puresm
11| 50.04; 3 . ] B o
guz 3 ,DD o a . o «D ol S012 MK ) K0
So.15= E - 5
g o E| O.OZ*U L] ] i =l
£ g 8 o ) . - =
T T ] C ) - b 4
i onnaoed. TN Y S RPN I ol AR U O IR Y AN |

P, [CeV]

o

10 20 30 40 50 60 70 80
var4d(m"_,A cpjj,A yjj,p

)

t]

Ady
o [bint |

Anj
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Fit result sensitivity on VBF couplings

parameter | post-fit value + -
A 1000.
cos o 0.71
Koo 1.41
Kary 0 +219  -408
KAww 0 +1.2 2.6
Kazy 0 +442  -399
Kazz 0 +7.7 -0
KHyy 0 +115 -338
Kuay 0 +0.7  -06
KHow! 0 +0.4 -1.4
KHowR 0 +0.5 -0.6
KHoz 0 +1.2 -0.5
KHww 0 +2.8 -0
Kkizy 0 +21 -49
KHzz 0 +9.8 0
Ksm 1.41 +0.22  -0.11

Simultaneously to all parameters to SM distribution
Assuming 8% VBF cross section uncertainty

Fit uncertainties give information on sensitivity
Sensitivity on ¥y and Zy couplings small

Close to the SM, 4 couplings (Hyy, AyY, HZY, AZYy) can be
ignored for VBF without loss of generality

Other measurements will limit this operator to far smaller
values

To be tested that the yy and Zy operators don't influence any
other VBF observable
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Fit result correlations of VBF couplings

KAyy KAWW Kazy Kazz KHyy KHoy  KHowi  KHowr  KHgz  KHww  KhHzy KHzz Ksm

kAaa 1.000 0.125 -0.092 0.027 0.117  -0.348 -0.059 0.131 -0.116 -0.178 0.064 0.072 -0.173
kAww 0.125 1.000 0.327 -0.303 -0.352 0.179 -0.104 -0.468 0.689 0.313 0.087 -0.263 -0.143
kAza -0.092  0.8327 1.000 -0.088 0.173 -0.048 -0.055 0.133  -0.001 -0.026 0.208 -0.090 -0.056
kAzz 0.027 -0.303 -0.088 1.000 -0.262 0.230 0.405 0.124 -0.223  0.341 0.203 -0.480 0.111
kHaa 0.117 -0.852 0.1783 -0.262 1.000 -0.127 -0.221 0.159  -0.264 -0.464 -0.010 0.256 -0.008
kHda -0.348 0.179 -0.048 0.230 -0.127 1.000 -0.116 -0.352 0.343 0.264 0.279 -0.338 0.202
kHdw! | -0.059 -0.104 -0.055 0.405 -0.221 -0.116  1.000 0.020 -0.029 0.259 -0.132 -0.194 0.012
kHdwR | 0.131 -0.468  0.133 0.124 0.159  -0.352  0.020 1.000 -0.922  -0.151  -0.290 0.242 0.029
kHdz -0.116  0.689 -0.001 -0.223 -0.264 0.343 -0.029 -0.922 1.000 0.246 0.246 -0.227  0.091
kHww | -0.178 0.313 -0.026  0.341 -0.464  0.264 0.259 -0.151 0.246 1.000 -0.121 -0.754 -0.041
kHza 0.064 0.087 0.208 0.203 -0.010 0.279 -0.132 -0.290 0.246 -0.121 1.000 -0.409 0.231
kHzz 0.072 -0.263 -0.090 -0.480 0.256 -0.338 -0.194 0.242 -0.227 -0.754 -0.409  1.000 0.010
kSM -0.173 -0.143 -0.056 0.111 -0.008  0.202 0.012 0.029 0.091  -0.041 0.231 0.010 1.000

@ Some large correlations present close to the standard model

@ Can likely neglect 1-2 more parameters after rotating into Eigen basis of the covariance matrix

@ Correlations may change away from SM
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diagonalisation - move to Eigen basis
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@ Larger eigenvalues correspond to larger variation in the data, so less sensitivity to this

parameter

@ A re-parametrisation in eigenvectors is performed

Ko

Conclusion
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diagonalisation - move to Eigen basis

@ We see that the results match with fit sensitivity result
@ A re-parametrisation in eigenvectors is performed and then fit on this direction

@ Fit with all (new) parameters floating where we expect a near 1 correlation matrix post fit. If the correlations
are not small then this first order is not good enough and the re-parametrisation is not useful

@ A second fit will be performed with a number of parameters floating (4-6) and the others fixed to the SM to
see if we can take out some directions.

K

EV (0.0234272) = -0.000870072*kAaa-
0.00137208*kAww-+0.00965106*kAza-0.0363483*kAzz-
0.615691*kHaa+0.695891*kHda+0.172168*kHdwI-
0.012292*kHdwR-0.291425*kHdz-0.128922*kHww-
0.0486755*kHza-0.0381144*kHzz+0.00886287“kSM

N
N
N
@
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Choice of input parameters

@ Aim to generalise morphing to have arbitrary g;
— Can be chosen to reduce statistical uncertainty

Sample basis choice
@0000

Conclusion

o

® Al OBl @A2

OB2 OB3

=4 True Template

gBSM

A3

Probability density

True Template
Morphing output set A
Morphing output set B

SM

Observable
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VBF H—WW example: Rel. uncertainty on number of expected events

@ Dependence of stat. uncertainty propagated in morphing function

on generated input parameter grid

@ Distribution of samples in parameter space reduces stat. uncertainty

o(vbf: H — WW) K =12, Ko =0, Ky VS- Kiww

MadGraph5, \s =13 TeV. A $ Simulation internal
<5000
= 4500
= 4000
- 3500 K5
£ REXED
KKK

2 2500 X KA,
2 4
52000 40
31500 7
£ 1000
2 4

/\;*%

O(Vbf: H — WW) K =\2, Koo =0, Kayy VS- K

MadGraph5, \s =13 TeV ulation internal

$

O

\)
WO
R

A NWHOON®

relative uncertainty in percent in 10 fb*
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o (Ksm, Kasm) ~ Osm

T>

T3

@ First define parameter space
which is interesting to morph to

@ Specify a number of benchmark
points in this parameter space

@ Find optimal input parameter
basis
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Procedure
Cross Section Basis
a a a e e e
o K K Minimization
b b b
(0} K1 Kz P A\QV ]
: : : TestBasis /|
oA K'1A Kf‘ [Flgure of mem‘]
N
XS Worphing - o |[xf_ xS
~— - : : Benchmark Set

o o
c“ Kj K

[Test Morphing}** oh K‘F Kf

-
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Improvement

expegted numbeg,of events
g
8

8
8

°

-1000|

. morphing

—Vv0

T O A AR
05 1 15 2 25 3
subLeadLepPdphijj

VBF vertex Sample basis choice
0000000 ooooe

expected number of events

)

. morphing

—Vv0

S A
05 1 15 2 25 3
subLeadLepPdphijj

Conclusion
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Summary

@ Plan for Run2: Higgs coupling and properties measurements
@ Combine rate and shape information within effective Lagrangian framework
o First application: detailed and complete study of VBF production

@ First attempt to find the optimal fixed sample basis using iterative numerical
minimisation
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Number of input distributions

np(np+1) ) ng(ng+1) - <4+ns—1>

Ninpur = 2 2 4

2 2

ns(ns+1)) np(np+1)
2 2

+(np~ns+ ns(n5+1)> ) ng(ng+1)

+<nd'ns+

ns(ns+1)
W 2

3 —1
.np~nd+(np+nd)( hals )

3

with number of parameters in production vertex (n,), decay vertex (ny) and shared in vertices (ns)
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Propagation of statistical uncertainties

[noframenumbering]
@ Morphing function for a bin in distribution

Tg&?(atarget) = Z Wi(étarget? gi) T,-ﬁ'"(@i)
i
@ For one input distribution, the bin content is calculated as follows

TA"(gi) = NMC in(91) - 6in(Gi) L/ Nuc,in

@ The uncertainty on that bin is /N2 . (g))

@ The propagated statistical uncertainty is

AT = \/Zw (Grarget: Gr)NEIR 1(31) - (0n(@1) L/ Nucn)?

@ Highly dependent on
e input parameters g;

o desired target parameters @arget

31/28



1, ———r —— —— —— e —
ﬂ_ O.;; T T ] 20.18§ T T T 3
20.09} pL.II'e SM E ;0.16} pL.lre SM 3
P E MIX(K K piz2)" Kpizz>0 E :0 14:* MIX(K K piz2)" Kpizz>0 E
‘£0.08— MiX(K 5pK152): Kpizy<O 3 S5 MiX(KgKyiz)' Kpizz<0 E
3 07: E >0.12 E
d: . gor E
£0.065 = £0.08- e
@ L ] 0.06¢ E
0.05+ = F 3
£ B 0.04t E
0.04- E 0.02;- E
P O S e AL L SRR 4 S T B DN B Lo Frred
0 0.5 1 1.5 2 25 A3 0 1 2 3 4 5 6 7 8A 9
(ij yJJ
> 0.3 RARARARRE ] > r T ]
80 25; pure SM E 8 O-lf pure SM -
§ ' E MIX(K gpKiz2): Kpizz>0 ] 80 08:* MiX(K gpKpiz2): Kpizz>0 7:
E 02? MiX(K gpKpi;2): Kpy,<0 *; E T MiX(KgpKp;2): Ky, <0 ]
'c r ] = L B
S0.15" = 50.06¢ ]
2 B 1 rnd [ 1
g o1 4 £0.04- -
o £ J 2 L ]
©0.05F B ©0.02 -
E 8 : 1 1 1 1 :
0 0 500 1000 1500 2000 2500 3000

L L + L ik L L L L |
1002003004005006007008009001000
p_ [GeV] m; [GeV]




ﬂo‘ogj T B 0.18F LR
S = pure SM E S F pure SM E
;0085 MiX(KgppK pzz): Kazz>0 E ‘2812; MiX(KgppK pzz): Kazz>0 E
E 0.07F MiX(KgyKpz2): Kaz, <O E % U MiX(K K pz2): Kazz <O E
S C ] >\0.12; B
£0.06 3 g o1 E
So0.05- 3 ‘38-82? E
@ L ] .06 =
004" o
0.03- E 0.02- E
A S R L Bl I T S DU I =
0 0.5 1 1.5 2 25 3 0 1 2 3 4 5 6 7 8 9
A@ Ay
Jl} Jl}
> 0.3 AARRE RSN 7 > 0.1E T E
80 25; pure SM E 80.09? pure SM E
§ . F MiX(KgpK pz): Kpgz>0 ] 00.08? MIX(K K pzn): Kagz”0 E
; 0.2F MiX(K K pz2): Kz, <0 — ;007§ MiX(KgppK pz2): Kz, <0 E
T T E £0.06 E
;0.155 = 2‘0.05? E
8 o E §0.04- 3
£ %% ] 5003 E
80.05- - 0.02- E
r ] 0.0 E
o- E ! | | i | E

0 500 1000 1500 2000 2500 3000

L L + L ik L L L L |
1002003004005006007008009001000
p_ [GeV] m; [GeV]




B N — S

g % o | St o
20.09; :::(1 K Kuw>0 E ;0'16? i::)I:EK Kiuw): K0 7;
(%] £ SM™ Hww/ - B Huw 7 = r SM™ Hww/ - B Hww A
'EO'OB? MIX(K 5K )t K g <0 E %0'145 MIX(K 5K ) K g <0 E
30 07E E >\0.12; 3
2>V ] IS = =
@ £ B g 0 1: E
g0 1 goos- E
©0.05- = 0.06;- =
0.03;‘H\HH\HH\HH\HH\‘ \*: R e
0 o5 1 15 2 25 3 0 1.2 3 4 5 6 7 8 9
Ao Ay,
Il ]
> 0.3 T T T ] > r T ]
80 25; pure SM E 8 O-lf pure SM ]
S E MIX(K spK p): K paaa™0 ] 2 F MIX(K 5y K ) K piyo™0 ]
E 0.2? MIX(K 1K b’ K <0 ,; 50'08; MIX(K K b’ K ppan <0 7:
S0.15- = 50061 ]
> £ 1 2 [ 1
S o1 . £0.041- .
2 E ] 2 [ ]
®0.05- . ®0.02F .
£ 4 : 1 1 1 1 |
0 0 500 1000 1500 2000 2500 3000

L L + L ik L L L Il A
1002003004005006007008009001000
p_ [GeV] m; [GeV]



ﬂ_o'ogf“” crrrTTr 1 20.18? “‘*;
20.08} pL.II'e SM E ;0.16} pL.lre SM 3
P E MIX(K gK ) K aun™0 E = 0 14:* MIX(K gK ) K aun™0 E
‘£0.07 MIX(K K p): K pu<0 3 SR MIX(K K pyn) K pua<0 E
S F B >0.12 =
£0.06¢ E S 0.1 E
£0.05 E 50.08- 3
T 1 0.04F E
0.03- 3 0.02" 3
| AR ARSI R RPRATIN AT N I Foitiii [T I R | =
0 0.5 1 15 2 25 A3 0 1 2 3 4 5 6 7 8A 9
(ij yJJ
% .3: ARARRRRRAS ] % 0.1 T T 3
OO 25i pure SM E ©0.09- pure SM E
§ ' E MIX(K 5K py) K pn™0 ] 0008? MIX(K 5K py) K pun™0 E
; 0.2F MIX(K 5K py): K aw<0 — ;007§ MIX(K gpK py): K a0 E
I ] 0062 E
:‘0.155 = i0.0S? E
S E ] 50.04- E
Qo E ] Qo e E
S0.05- E 0.02- 3
F E 0.01- E
[ E 1 1 1 1 L =

0 0 500 1000 1500 2000 2500 3000

L L + L ik L L L Il A
1002003004005006007008009001000
p_ [GeV] m; [GeV]




o 0.1—
—

S0.09
]
£0.08
=}
>0.07
g
£0.06
©0.05
0.04

AR AR ALY AR RN RN

R
pure SM
MIX(K K piza): Kiiza™0

MIX(K gpKpiz0)" Kiiza<O

D

O

N
ol
wlb

>
=B

2

0.25

units / 24 GeV
o
N

0.15

Yy

0.1

arbitrar

0.05

pure SM
MIX(K gppKpiz0)" Kiiza>0

MIX(K gpKpiz0): Kiiza<O0

1 1 + 1 1 1 1 1 1 |
100200300400500600700800900L000
p . [GeV]

rai
Seee 9o
N A P B R B R

pure SM
MIX(K K piza): Kiiza™0

MIX(K gpK1z0)" Kpiza<O

~
oot

ool b bbb b b

>
=<

uni
¢ . oS!
BB P8 N D

pure SM
MIX(K gppKpiz0)" Kiza>0

MIX(K gpKpiz0): Kiiza<O0

O

1
500

1 1 I
1000 1500 2000

L |
2500 3000
m; [GeV]




Lr)o-Og, L | n T R A L I I IR B |
g 0 08;* pure SM E S 8'18? pure SM E
-~ = . ) N 1 ) 16:7 . ) N 7:
P E MiX(KgpK pza): Kpza>0 ] £0.14 MiX(K 5K pza): Kaza™0 3
=0.07 MiX(K gpK pza): Kaza<O 3 S5 MiX(KgyKpza): Kaza<O E
S r E >0.12 -
20.06- E S 01 E
Soos. . oo
@ E 3 = =
0.04 3 U E
F = 0.04F E
0.03- E 0.02- E
Covn v b by | 1 P BRI s | R A | AT IR | Lo Iy =
0 0.5 1 1.5 2 25 A3 0 1 2 3 4 5 6 7 8A 9
(pij yij
> -3, T T T ] >OlG: T T T T B
80 25; pure SM E 80_14} pure SM -
§ ' E MiX(K K pza): Kpza™0 E 8012:, MiX(K K pza): Kpza™0 E
7 0.2F MIX(K gy pza): K pga<O E - 0 1; MIX(K gy pza): K aga<O E
T 1 € Tt 1
50.15 = =0.08 -
2 B 1 P £ 1
© E B ©0.061~ -
s 0.1+ — =] L ]
g E ] go.o4§ 3
0.05; E 0.02? 7;

L. C L L L L L

0 0 500 1000 1500 2000 2500 3000

L L + Il L L L L L =
1002003004005006007008009001000
p_ [GeV] m; [GeV]



1 01— T AR Qo.agF T T T
o 0.1+ pure SM B <0165 pure SM 3
7 0 09; —t— MiX(KgpKpaa): Kpiaa>0 E @ 0-14; —F—  MiX(KgyKaa): Kaa™0 3
E . ;j : MiX(KgyKjaa): Kpyaa<0 g % R H MiX(K K paa): Kpaa<0 ]
>0.08F = >0.12 =
Py E ED 3 @ 0 1:* E
90.07:* I 3 = -t B
= E E Q E =
20.06 | E LO.OBE:’: :I:;‘j s::: -
“0.055 E 0.06- = e E
o5 =% 0.04- =S
0042 EEEE 0.02- =_ 3
SR L Bl [ P R
0 3 0 1 2 3 4 5 6 7 8 9
Ao Ay
Jl} I}
> 0.3 AARRE RSN 7 >0.12¢ T T ]
80 25; pure SM E 8 0 F pure SM i
§ ' E —— MiX(KgyKpaa): Kpyaa>0 E 8 'lj[n — MIX(K K aa): Kpaa>0 ]
; 0.2(2 E MiX(K 5K aa)” Kpiaa<0 — ;0.08} R MIX(KsyK aa): Kpaa<O {
g ! :
50.15 ] 30.06 o .
2 B oo 1 > [ O ]
© F 3 © B H J
£ 01 ¢ 3 £0.04F 4
re) 5 1 re E Eh:qj ]
©0.05- =, = ©0.02 | 3
O: | \s‘::‘\“—-«»__w ! I Lt F | | \ . .
1002003004005006007008009001000 0 500 1000 1500 2000 2500 3000
p_ [GeV] m; [GeV]

38/28



100.09
=

o 0.08 pure SM E
; ’ £ eeee MiX(K K aza)” Kaga™0 1
T0.07F] ——  Mix(KeyKpge): Kaga<O E
=] £ ]
20.06;... E
g r ]
50.055 E
< F E
0.04- E
0.03- =B
Eovrnd | R TR e

0 0.5 1 1.5 2 25 A3
’
i .3: RARARARRE ]
0] F pure SM E
§0255 """ Freeee MiX(KsyK paa)’ Kpaa™0 1
; OZ}EI —— MiX(KgyK paa): Kaga<O -
€ f=s ]
50.15 ]
> £ e ]
for ¢ =
2 . ]
©0.05F = 7

L L m“*\-—\-.‘._\ I I L I
100200300400500600700800900L
p_[GeV

000
1

oS
=1 14:* """""" MiX(K 5K paa): Kpaa™0 E
% 0'12§ —t— MiX(KgyK pa): Kaaa<O B
V-Lter E
g or 5
2008, = e E
006? pooopet g' 7;
0.04- “= E
0.02- =_
S BN R IV R I W W . -
0 1 2 3 4 5 6 7 8 9
Ay
Jl}
>0.12— T ]
8 0 i pure SM j
2 ARy ot MX(K 1K paa): K paa>0 ]
50.08 qff MIX(K g1k pza): Knza<0 3
T oA ]
50.06 @ -
> b ]
Soos £
2 r =t 1
©0.02- o .
L ek, B &
C L L L " - = |

0 500 1000 1500 2000 2500 3000

m; [GeV]

39/28



o) e L B |
o [ pure SM ]
;0.08;‘ T MiX(KgyKg): Kig>0 E
£0.07 [ MiX(K 5K paz): Krigz<0 e
Soos 1 .
5 O ]
©0.051- b 3
C ‘,_‘_'_T—y‘ | E
0.04- [ i = = = I
S | \\\_‘_\‘—‘—f—ﬁ

0 05 1 15 2 25 3
Ag
Il
> 0.3 RARRIRARES ]
80 25; pure SM E
SR mix(KguKpg): Ky, >0 1
E 02;*:' MiX(K 5K ) Ky, <0 —
c k.= ]
S50.15 3
> ¢ ]
g 0 =
o L o 1
©0.05F - =
o -

I L I I |
100200300400500600700800900L000
p . [GeV]

T} e R R R AR R AR AR RARS
e 81257 pure SM E
_20'14; —t— MiX(KgpKpyar): Kpigz>0 é
;0:12; MIX(K K pygz)" Ky, <0 é
£ o1 E
50.08- — S = 3
0.060 — - E
0.04 R E
0.02F =_
= E S B N B B J
0 1 2 3 4 5 6 7 8 9
Ay
)]
>0.12— T 7
8 0 1:* pure SM j
8 T mix(KguKyg): Kyg >0 ]
;008:— MiX(K gpKpig): Kiig,<0 {
E L H ]
50.06- © -
2 [ O 1
Soo4- o, 7
a & ]
8 0ok T .
0.02: ':t:‘jg:t_qj‘:T ) g
C I I P = Y |

0 500 1000 1500 2000 2500 3000
m; [GeV]

40/28



0 01— L B Ty
=1 E E
o 0.1;— pure SM E
50.09; EH* MiX(KgpKpga): Kpiaa™0 E
lgo Osgb L mix(Kgpo ga): Kpa<0 3
Soon o
5006~ =
@ - = 1
0.05¢ ! E
0.04- = 2
O_OQ:ﬁ‘HmH\HmH\ T 1]
0 05 1 15 2 25 3
5%,
> 0.3 RARRIRARES ]
(GDJO 25; pure SM E
ST T mix(KguK i) Kyga>0 1
; 0.2F MiX(K gpKpga)” Kpyga<O —
=S ]
S50.15 3
> ¢ ]
Fo 1
g o1 - 4
o Eoos 1
©0.05F = =
o -

I I Mowarwue 1T |
100200300400500600700800900L000
p . [GeV]

Lnlo-o,“‘ R A R I L IR B |
S ; pure SM E
_20'25,:' —t— MiX(KgpKpga): Kpiaa>0 ]
c E ' B
S 0.2 H MiX(KgyKpyga): Kpyga<0 —
> = E
So.158 4
5% ]
Tor = E
0.05 e =
:\ P 1 | I IR TT’“‘\‘“\“M 3
0 1 2 3 4 5 6 7 8 9
Ay
]
> 04: T T T B
B0.35- pure SM 3
3 0'3;EI —F— MiX(KgyKpaa): Kpiga>0 é
5025; MiX(K gpKpiga)” Kpiga<O é
c E E
S 0.2+ E
Py E E
©0.15- E
S o1 =
© Ee E
0.05F ™%y, _ 3
S - \ I

0 500 1000 1500 2000 2500 3000
m; [GeV]

41

28



T ,
S sM ]
o E pure E
50.0853 —F— MiX(KsyKpawr): Kraws™0 1
.50‘07? .. MIX(K gpK pawr)* Krawr<0 7;
g0.06- [ E
5 H ]
< 0.05 b —
0.04f .
0 0.5 1 1.5 2 25 3
Ao
Jl}
> .3r T T T 5
80 25; pure SM E
§ ’ E MiX(K 5K pawr): K owr>0 ]
; 0.2+ E MiX(K sy pawr): Krawr<0 —
= o ]
S50.15F 3
2 B ]
g or = E
2 E oo ]
©0.05- _ 3
ot y

Lo ey R
100200300400500600700800900L
p_[GeV

000
1

S 812; pure SM E
“g 0 14; —F— MiX(KsyKpawr): Kraws™0 E
S 0125 E MiX(KsyKpawr): Krawr<0 E
Pttt ) E
8 01~ 4
I T — e E
0.06? i == ) ‘:':‘ ,;
0.04- = 1
0.02- = 7
P P P IS SO P IO I - .
0 1 2 3 4 5 6 7 8 9
Ay,
Jl}
> - T 7]
80‘12; pure SM B
8 Ol}D T MiX(KswKpawr): Krigwr>0 {
;0 08:* : MiX(K 5K pawr)’ Krawr<0 j
§ . F qu‘ ]
>0.06- -
9 r & ]
50.04? :t‘ajn ‘ g
©0.021 E‘%% E
E I I | e ]

0 500 1000 1500 2000 2500 3000

m; [GeV]

42/28



D

UH“H‘:

b

pure SM
MiX(K spK paw)” Kaw>0

MiX(KsyK ) Kpgwi<0

=1 i 1 I IO I WA W

Oprr

>
=B

2

0.25

units / 24 GeV
o
N

0.15

Yy

0.1

arbitrar

0.05

T TR T [T T T T

i

pure SM
MiX(KsyK ) Kgwr>0

MiX(K sy paw)” Kaw<0

! \-ﬁ%‘ T ! L u
100200300400500600700800900L000
p . [GeV]

To) 2 R B I A RN RARRR RARRE!
881257 pure SM E
‘201457 —t— MIX(K K ) K piaws™0 E
;012; E MiX(K sy ) Kgwi<0 é
S 0.1 —
= = 3
008 = e =
0.06- == - .
0.04- - E
0.02F- = 7
E .. I [ I B S B J
0 1 2 3 4 5 6 7 8 9
Ay
> [T T ]
8 0-1:7 pure SM 7:
80 08;[](] —t— miX(KsyKpaw): Krigw™0 .
; T g MIX(K sy paw)” Kgw<0 ]
0.06- & .
=} L 4
> & ]
go04- .
£ & G 1
80.02- = .
L R E|
C L L 1 i .

0 500 1000 1500 2000 2500 3000

m; [GeV]

43

28



	Theory
	Method
	VBF HWW
	VBF vertex
	Sample basis choice
	Conclusion

