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Introduction

What did we measure in Run 1?
@ cross sections

@ couplings

@ properties — based on hypothesis testing: Spin and CP
Always 0 or 1 jet
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Introduction

What do we want to measure?
@ cross sections

@ couplings

@ properties: such as CP

Use effective Lagrangian as an example, but can apply same techniques to many

other BSM models with large sets of parameters

Discussion
oo

Conclusion
[e]
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ggF+jj

Study in the H - WW — /v/v channel.
Looking at gluon gluon fusion (ggF) with two jets.
Feynman graphs contributing to pp — Hjj

_____ H, A —eee= H, A --—- H, A
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ggF+jj

@ The SM CP even Higgs shows a modulation in A¢;
the backgrounds and the VBF process are flat
@ In the cases for a CP Odd or a CP mixed stat there is a different modulation
o G. Klamke and D. Zepperfeld http:/arxiv.org/pdf/hep-ph/0703202.pdf

CP Even (SM Higgs)

CP.Odd
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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
Ly :{CaKSM |:EQHZZZ,uZ"t+QHWWWu w “}

Plan Run2
[CakiiyyryyAuv A" + SaKayyGayyAuv A ]

[Ca K'HZ}/QHZ;/Z#VA”V + S KAZyQAZyZuv/Z\“v]
[Ca KHagTHgg Gy G + SaKaggGagg Gliv éa’“v]
1 ~

A [ CakHzzZuvZ*¥ + s KAZZZ}I.VZ‘“}]

[Ca Krww Wiy WY + so Kaww Wiy W_”v]

>\_~m—w=\—~4>\—nm—-4>\—x
> =

Co [KrayZy O A" + Ko 22y 0u ZHY + kpgw (W 9y WY + h.c.)] }X

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

@ Define full coupling parameter as gx (€.9. gaww = Sa Kaww/N)
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Analyses overview and plans in ATLAS

Plans for Run2

@ 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

— Challenge: large parameter space (e.g. VBF H—VV 13 free parameters)
— New method to construct predictions for signal cross section and distributions
Morphing
— ggF+jjin H = WW: 2 free parameters
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Signal model construction in Run 2: Morphing

@ Morphing function for an observable T, at any coupling point @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
i=1

&2
1 SM

Mix Interference

'S
\/\/ +1 gsm - gBsm N
_— _—

-/

BSM
S —1 >

98sm T
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Example for 2 free parameters in one vertex

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

M(gsm, gasm) = gsmOsm + gesmOssm
| M (gsu, gesm)|® = G8u| Osul® + gBsm| Ossm | + 29sugesuR (O Ossu)

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

T(gsm: Gasm) < | M (gsm, gasu) |2 |

3 generated distributions needed to obtain distribution with arbitrary parameters
E.g. generate MC events for T(1,0), T(0,1), T(1,1)

Tin(1,0) o |Osm?
Tin(0,1) o |Ogsml?
Tin(1,1) < |Osm|? + |Ogsu|? +2R(OyOssm)

@ Distribution with arbitrary parameters (gsu, gssw)

Tout(Gsm» Gasm) = (gsm® — gsmgssm) Tin(1,0) + (gasm® — gsmgssm) Tin(0, 1) + gsmgasm Tin(1,1)
S — —_—— ——
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Choice of input parameters
@ So far fixed parameters for input distributions: Ti,(1,0), T;n(0,1), Tin(1,1)

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

s 15
2 L B
S
=
1eB2 OA1 B3 - ‘D
0A2 ©0A3 8 | .
=
3 L B
[
Qo
[
0.5 - a
0 | | | | %1 | |
0 0.2 0.4 0.6 0.8 1 1.2 1.4
Jsm Observable

Example: 13 free parameters for VBF H—ZZ process: 1605 samples
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Discussion Conclusion
oo [e]

@ 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
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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 8Bsm ~ 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

V0, rsy=1.447
o e

KHWW
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VBF H—+WW example: Input and validation distributions

= - — <,350 - -
2350~ MadGraph5_aMC@NLO  ATLAS Simulation internal 2 MadGraph5_aMC@NLO  ATLAS Simulation internal
= Input samples: S Input samples:
£300) £300
0 _— KAWWZ-ID].SQS Ky =-3-19074, KSM—141421 « Ky =141421
S S 250 41421
3250 KAWW =-471792, Kypypy=-1- 3 Kay=1.41421
S K =2.11456, Ky =4.67437, K, =1.41421 5 231040, K,y =4.64925, Kg,=1.41421
g200E Ky =-4.97422, Kypypy=-3.97667, Ko, =1.41421 = gzoo 00000, K,y =0.00000, K =1.41421 =
g g
£150] 2150
100 100
50| 50
O v Lo b b b L 1 S O EO S IR R A
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Ao Ag
i i
2350 MadGraph5_aMC@NLO ATLAS Simulation internal E MadGraph5_aMC@NLO  ATLAS Simulation internal
S [ Input samples: Validation samples:
£300—
0T E ——— Kaw=3.10889, Ky 7248143, K, =141421 ———— K =5.27479, Ky =-2.74170, K, =1.44720
T enE =
2250= =
3250
5 = =
5 = — =
£ =
5 = =
2 — =
50—
) N R AR R R P S U B R B
0.5 1 15 2 25 3 05 1 15 2 25
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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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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
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Difficulties

From a theoretical viewpoint:

@ Method in Effective Lagrangian: terms ~ % from dim 6 operators included, but

not from dim 8 operators
@ Problematic to include dim-8 operators:
@ No generator available
e Additional large set of coupling parameters

@ Neglecting of quadratic terms not possible due to negative cross sections

From a experimental viewpoint:
@ Separating ggF+jj from VBF
e does not seem to interfere in a deconstructive way
@ Reduction of backgrounds without chancing the shape of A¢;
o Careful checks necessary
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Summary

@ Plan for Run2: Higgs coupling and properties measurements

@ Combine rate and shape information within effective Lagrangian framework

@ New method for modelling BSM effects
@ continuous

e analytical
o fast
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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 (Grarger) P
W(gtargef) = W(gi)%

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



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 O(Vbf: H — WW) K =\2, Koo =0, Kayy VS- K
MadGraph5, \s =13 TeV. A $ Simulation internal MadGraph5, \s =13 TeV A imulation internal
<5000 %
£ 4500 s 8
4000 . 7
= 3500 (KK Z 6
KOG, £
23000 S, g s
> 2500 S ST 5]
5 zogg 7 £ 3 é}"
315 Z R é@é
£ 1000 £ S
E £ 4 SR
o 3
k7 S%, 2
(% o
2
E
o



VBF H—+WW example: Morphing and fit to SM input sample

Morphing and fit to SM input distribution (pseudo-data)
MC stat. uncertainty used

‘ Ksm Kiww  Kaww

Input and morphed distribution stat. dependent Ko 1.00 0.15 -0.23
o perfect agreement in morphing Koww | 0.15 1.00 0.36

@ Post-fit parameters match exact nominal values Kaww | -0.23 0.36 1.00

Sensitivity on parameters shown in fit uncert.

Correlations at SM point in table

P £
S 120 [MadGraph5_aMC@NLO ATLAS Simulation internal
2 L
5100] —+— powosa  VBF:H _WW _Ivly, \s=13Tev
5 morphing Key = 141421 +/- 0.00126 (nom.: 1.41421)
3 fit Ky = -0:00000 +/- 011115 (nom.: 0.00000)
5 80— Ky = -0.00000 +/- 0.30683 (nom.: 0.00000)
@ =
= .
S 60— J—
< L — U,..WW
4oF e ——
20F
Cov v v b v b e b e e e ey Ly
%

|
3
Ao

i



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,12|OSM |2 + gBSM,i2|OBSM |2 +29sm.,ig8sm, i R(OgmOssm) s
i=1,..3

@ Ansatz for output distribution

Tout(9sm, Gasm) = (311gsrv|2 + 812955M2 + a139sm0ssm) Tin(9sm,1,9sm,1)
wi

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

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

W3

N
N




Example for 2 operators in one vertex

@ Tyt 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,19BsMm,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
a3t 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

. e Np+-Ns 2 Ng+ns 2
T@e<M@P=| Y a0i] -| ¥ g0
= j=1

production vertex decay vertex

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

U

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, Gows Griaw

@ ns = 9 operators in both vertices:  gsw, Ghzz, Gazz» Ghoz» Ghyy» Garys Gvzy» Gazy» Ghay
@ ng = 0, no operators only in decay

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



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(81) - 6in(Gi) L/ Nuc,in

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

@ The propagated statistical uncertainty is

ATER = \/Z WP (Graret: G1)NERS 1n(3) - (0in(G1) £/ Nugn)?
I

@ Highly dependent on
e input parameters g;

o desired target parameters @arget
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