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Introduction

Introduction

» signal strength and kinematics depend on many parameters
» parameters do not factorize trivially into individual observables

» necessary to build a signal model taking all parameters into
account simultaneously & modelling all interference effects

» use EFT as an example, but can apply same techniques to any
BSM model with many parameters
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Introduction

Introduction

EFT analyses in Run1

» influences of EFT parameters studied in isolation

» cross-section (rate) and kinematics (shape) studied separately

Plans for Run?2

» perform combined studies of many (all) EFT parameters

» use constraining power from rate & shape information
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The Higgs Characterization Lagrangian

» interactions of scalar particle with vector boson pair
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Morphing derivation

Expand calculation of diff. cross-section in polynomial of EFT op.
2 2 2 2 2
Minx = KgmMsm + £BsuMBsum + KsmrBsM - 2R(MgyMpsm)

» At LO & assuming narrow-width-approximation, one obtains
polynomials of 2nd order in production and 2nd order in decay.

» determine coefficients of polynomials from MC samples
generated at fixed values of BSM parameters

» use polynomial coefficients to morph to any other BSM
parameter configuration

Mitix(rsnimrpsm=e) = € (Ménx + Mgy + 2R(MEuMasm))
* 1
2R(MsuMpsm) = gMi/Iix(mSM:mBSMZC) — My — MBsu
Tuix =  ksm(ksm — kBsm ) Tsm + £BsMm(kBsM — Kksm) TesM

1
+ ASMKBSM TMix(rgm=rpsm=c)
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Morphing: The Idea
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Benefits of Morphing

» computationally fast & convenient tool

Morphing
» only calculates linear
sums of coefficients

» all other inputs are
pre-computed once

ME Reweighting
For every configuration point

» write events to disk
> rerun analysis

» additional interpolation

» can be applied directly and without change to

> cross sections

» distributions (before or after detector simulation)

» MC events

» exact continuous analytical description of rates and shapes

» even possible to fit ks to data & derive limits
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Challenges of Morphing

» number of samples grows quickly with EFT parameters

» parameter sets and input samples need to be carefully chosen

1

N =54 " Mboth - (Mboth + 1) - (Mboth + 2) - [(Mboth + 3) + 4 - (Nprod + Ndec)]+
1

+7 [Mboth = (Mboth + 1) - Mprod * (Mprod + 1) + Mhoth * (Mboth + 1) - Ndec * (Mdec + 1) 4 Ndec * (Ndee + 1) - Mprod * (Mproa + 1)+

1
+ 5 Mooth * Ndec * Mprod(Mboth + Mdec + Mprod + 3)

» only prod./decay, 1 BSM op. (Mboth=0, Mprod(dec) = 2,
Ndec(prod) = 1): 3

» BSM VBF (Nprod = 13), SM H — gt (ngec = 1, Mpoth = 0): 91

» SM prod. (Mprod = 1, Npoth = 0), BSM H — WW — evpv
decay (ngec = 5): 15 samples

> full VBF BSM H — ZZ — 4¢ process (Nprod = 4, Mhoth = 9,
Ndgec = 0): 1605 samples
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Generality of the Method

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

» independent of specific generator

» works on truth and reco-level distributions
» independent of physics process

» works on distributions and cross sections

» applicable beyond EFT

Validations

1. MG5 Truth level at /s = 13 TeV for Run2 (next slides)

2. distributions based on JHU MC samples processed by the full
detector simulation at /s = 8 TeV (not shown)
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Example: Truth Validation using MG5 HC EFT
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Example: Truth Validation using MG5 HC EFT
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Propagation of Statistical Uncertainties

Obtain a physical quantity T for EFT parameters K = (Ko, ..., kn)
from input distributions for parameters K;

T(K; Ki) =>_ w(K; Ki)T(Ki)

For a given distribution T;, we have
T(Ki) =¢€(K;) o(Ki)- L

The relative statistical uncertainty > on T is

Y(K; Ki) = \/Z w2(K; Kj) - e(K;j) - o(K;) - L

and thus highly dependent on the input samples K; as well as the
target point in EFT space K.
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Effective Number of Events

» VBF H — pp: Morphing with complete x-set only varying
KHzz in two different planes of EFT-space

NtotZNoZUi|Wi\ NeH:NOZUiWi
i i
ksmMm=1 kg =0, 64=0 ksmMm=1 ky=1 Ka=1
Neff/Ntot Neff/Ntot
1.0
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Work in progress

Study of the VBF vertex

» many operators enter VBF
» how many operators can be neglected without loss of generality?
» Minimize number of needed samples

» technical choice of H — uu decay: no crossover between
production and decay
» full set of 13 VBF prod. op. leads to 91 samples: still managable
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Work in progress

Procedure

» first round of 91 samples generated

» BSM ks chosen such that one-operator pure BSM samples
correspond to SM VBF cross sectition

» only truth so far

» validated morphing function by recovering inputs

» setup fit to SM input sample

learn correlations between operators

explore sensitivity ‘

uses observables: A¢;j, p’# mj;, Anj;

understand which operators have neglegible influence on VBF

v

v vYyy
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Work in progress

Jet kinematics depending on VBF couplings: |kH.| ~ 3
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Work in progress

Combined distribution of four observables
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Work in progress

Fit result sensitivity on VBF couplings

Lambda
cosa
kHII

1000
0.70711
1.4142

kAaa
kAww
kAza
kAzz
kHaa
kHda
kHdwl
kHdwR
kHdz
kHww
kHza
kHzz

0.229290 + 443

0.006812 £ 2.93

-3.536000 + 862

0.028945 + 8.03

-2.678200 + 238
-0.003881 + 0.787
0.007916 £ 1.61
-0.000145 + 0.784
-0.000451 + 1.88
0.011619 £ 3.35

-0.588770 £ 96.7
-0.016149 + 8.48

kSM

1.422000 £ 0.0876

fit errors give information on
sensitivity

sensitvity on vy and Z~
couplings small

close to the SM, 4 couplings
can be ignored for VBF without
loss of generality

other measurements will limit
this operator to far smaller
values

to be tested that the v+ and
Z~ operators don't influence
any other VBF observable
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Work in progress

Fit result correlations of VBF couplings

kAaa kAww kAza kAzz kHaa kHda kHdwl kHdwR kHdz kHww kHza kHzz kSM

kAaa 1 0.14 -0.11 0.08 0.04 0 011 -0.09 -0.09 0.04 0.01 -0.18
kAww  0.14 1 0.25 018 -0.14 -056 074 0.1 -0.13
kAza -0.11 0.25 1 -0.11 022 002 -01 015 -0.07 -0.12 023 -0.01 -0.04
kAzz  0.08 -0.11 1 -0.2 014 017 -023 029 0.14 0.16
kHaa  0.04 022 -0.2 1 0.04 -0.23 0.18 0.07 024 0.02
kHda 0.18 0.02 0.14 0.04 1 -0.28 0.11 -0.28 0.21
kHdwl 0 -0.14  -01 -0.23 -0.28 1 0.02 003 029 -025 -0.17 0.1
kHdwR 0.11 -056 0.15 0.17 0.18 0.02 1 -0.94 -0.23 -0.29 -0.01
kHdz -0.09 0.74 -0.07 -0.23 0.03 -0.94 1 0.2 0.1
kHww  -0.09 -0.12  0.29 011 0.29 -0.23 1 -0.21 -0.77 0.02
kHza  0.04 0.1 023 0.14 0.07 -0.25 -0.29 02 -021 1 0.22
kHzz ~ 0.01 -0.01 024 -0.28 -0.17 -0.77 1 -0.06

kSM  -0.18 -0.13 -0.04 0.16 0.02 0.21 0.1 -0.01 0.1 0.02 022 -0.06 1

» some large correlations present close to the standard model

» can likely neglect 1-2 more parameters after rotating into a
paramater basis diagonal in this correlation matrix

» e.g. uncorrelated component(s) between kg7 and Kyowr
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Work in progress

Summary

» plan for Run2: Higgs coupling measurements
» combine rate and shape information within EFT framework
» new method for modelling BSM EFT effects

» contuinous
» analytical
» fast
» first application: detailed and complete study of EFT VBF
production

> next steps

» similar study of WH, ZH and H — VV
» first look into most complex cases of VBF, VH or H — VV

20/32 Lydia Brenner | ME Morphing



o OJrrr Qo.agp T T T
0'0_09; pure SM i =0 16:* pure SM E
P MK sy’ Ky >0 ] 2014 XK 1K ) Kriz>0 E
’é0.0B; MiX(K gy Ky 152): Ky <0 E Ehe MIX(K K pizz)" Kpiz,<0 El
N E B >0.1 3
0.07F = < 0 E
g E = E
50.06; E ‘-EEO.O El
< E 3 0.0 E!
0.05F = E
E | OO 7:
0.04 = 0.02 E
C Il Il Il Il Il 10 Il Il Il Il Il Il Il I =
0 0.5 1 15 2 2.5 3 1 2 3 4 5 6 7 8 9
Ao Ay,
1} I
> 0.3: T T T ] > r T T ]
8 L pure SM | 8 0.1~ pure SM 7
<0251 A . - = t . . 1
N E MiX(KgpKiz,): Kpyzz>0 ] 3, 08; MIX(K gy K iz2): Kpyz>0 B
@ 020 MIX(K gy Kptze): Kz <O = P o MIX(K 511K pzz): Kz <O ]
S0.15- e 50.06; ]
= £ ] ey [ ]
g o1 E £0.04 B
2 °f E 2 [ ]
©0.05} = ©0.02r E
E gl : Il Il Il I I :

0 0 500 1000 1500 2000 2500 3000

L L + L ik L L L L u|
100200300400500600700800900L000
[GeV] m; [GeV]

dia Brenner A ME Morphing



160.09
—
20.08
@
£0.07
=}
go.os
S0.05
®©

0.04

0.03

pure SM
(K spK az): Kpgr>0

MIX(K gk ) Kpz<O

o

05 1

N
[$2]

>
R ST T T T e

V
[=}
w

u
[S] o
c b 9 N
[6)] N [4)]
aaNaanaanasEs TR LR

nits / 24 Ge

y
o
o

arbitrar

0.05

pure SM
(K sy az2): Kpgr>0

MiX(K 5K pz): Kpz<O

L L + L L L L L L |
1002003004005006007008009001000
[GeV]

dia Brenner

AR R AR
pure SM
MiX(KgyKaz,): Kazz>0

MiX(K gy Kaz,): Kazz<O0

bl bbb bl b b

pure SM
MiX(KgpKaz,): Kazz>0

MiX(K gy Kaz,): Kazz<O

ME Morphing

Il Il Il I L |
500 1000 1500 2000 2500 3000

m; [GeV]



3 O‘ AT goass T
20.09; me::K K Kiww™0 E 30'16} f:i:»( K Kiian™0 E
0 £ s - Ko 3 = E S /- K |
3&'0.08; MIX(K K )’ K <O E 50'14 MIX(K K ) K <O E|
S = E >0.1 E
2,0.07: ] g5 E
Zo.06f 3 200 E
2 £ | E i ]
®0.05- E 0.0 E
0.04- E 8-82 3
0-03:7 Il Il Il Il I \7: ' Il Il Il Il L L L s E
0 05 1 15 2 25 3 1 2 3 4 5 6 7 8 9
Ao Ay,
1} I
> 0.3: T T T ] > C T T ]
80 25i pure SM B 8 0-1f pure SM 7
SF MIX(K sy K )’ KO ] 2 E MIX(K K )’ K ™0 ]
02 XK i) KO ] EO'OS;’ T ]
S0.15- . 50.06¢ E
Fal ] > L ]
g o1 E £0.04 B
2 °f ] 2 I ]
©0.05F E ©0.021- 3
E R : Il Il Il I I :

0 0 500 1000 1500 2000 2500 3000

L L + L L L L L L A
100200300400500600700800900L000
[GeV] m; [GeV]

dia Brenner A ME Morphing



QO-Og:““ R I I L I n R R R R R AR A RN AR
O'O 08:* pure SM | é pure SM é
> ’ ; MIX(K sy K pun): K au™0 ; £ MIX(K 0K p): K pua™0 E
‘£0.07c MIX(K gy ) K <O E MIX(K 53K pu)” K <O ]
>S5 E ] |
20.06~ E E
St ] E
50.05; E El
[ E 1 3
0.04— 3 E
0.03- E 3
E I L I L I id L L L L L L L i |
0 0.5 1 15 2 2.5 3 1 2 3 4 5 6 7 8 9
Ao Ay,
1} I
> 03: T T T . T T E|
80 25i pure SM 7: pure SM ’;
SF MIX(K 5y K pg): K ™0 ] MIX(K 5K aw): K ™0 E!
> 020 XK sy ) Kpar <0 E XK 34K gy K <O E
T 1 3
S0.15 i E|
= £ ] E
£ ot e E
5 % ] ]
©0.05F { E
E Il Il + L ik I It L L g E Il Il Il 1 L ;

0 10020030040050060070080090a1000 0 500 1000 1500 2000 2500 3000
[Gev] m; [GeV]

dia Brenner A ME Morphing



n 0.1
—
S0.09
j2]
£0.08
=}
>0.07,
S
£0.08
©0.05
0.04

T[T T T T T

pure SM
MIX(K gpKiza): Kpiza™0

MiX(K 5K piz0): Kpyza<O

O

05 1

N
(4]

>
B*

V
[=}
w

u
[S] o
c b 9 N
[6)] N [4)]
aaNaasaanasEstaRl LR

nits / 24 Ge

y
o
o

arbitrar

0.05

pure SM
MiX(KgpKiza): Kpza™0

MiX(K 5K piz0): Kpiza<O

L L + L It L L L L |
1002003004005006007008009001000
[GeV]

dia Brenner

o

=

[e2]
T

pure SM
MIX(KgpKiza): Kpiza>0

MIX(K g K iz0): Kpyza<O

>
=<

ol bbb b b b

unit:

é

arbitrar

pure SM
MIX(K 5K iza): Kpiza>0

MIX(K 5K yz0): Kpyza<O

O

ME Morphing

Il Il I ik 1
500 1000 1500 2000 2500 3

000

m; [GeV]



150.09
<
S0.08
2
£0.07
=}
>0.06
o
2005
©0.04
0.03

pure SM
MK sy Kz Kpza™0

MiX(KgK pza): Kpza<O

O

05 1

N
(4]

>
B*

V
[=}
w

u
[S] o
c b 9 N
[6)] N [4)]
aaNaasaavasEstaRe LR L

nits / 24 Ge

y
o
o

arbitrar

0.05

pure SM
MiX(KgpK aza): Kaza>0

MiX(KgK pza): Kpza<O

L L + L L L L L L =)
1002003004005006007008009001000
[GeV]

dia Brenner

g

=}

=
T

pure SM
MiX(KgyKaza): Kaza>0

MiX(K gy Kaza): Kaza<O

>
=<

bl bbb bl b b

T [T T T T T
T T T T T T T

pure SM
MiX(KgyKaza): Kaza>0

MiX(K g\ Kaza): Kpza<O

O

ME Morphing

Il Il Il I I
500 1000 1500 2000 2500 3000

m; [GeV]



QO.ll:““ LR B B B BN 0 S A R AR R R AR R RS
o 0.1; pure SM é é pure SM é
2000 T MKeuKia): Kiga0 E Eo— T Mok K™ E
T UEL e MK K Kiiaa<O E e MK K y) Ky <O f
50.08- = =
PN L E E
goor ] == ]
£0.06 = E S & E
005 i E = E
0.04- B B =
E L L ! el L =] L L L L L L LT =]
0 05 1 15 2 25 3 1 2 3 4 5 6 7 8 9
Ao Ay
1} I
> 0.3 e . ~0.12 ; ; .
o3 L | [} E 4
(_r)o 250 pure SM B [C) o1 pure SM B
S E T mixKeyKpa): Kiaa>0 ] S Thp T MiXKewKuad) Knaa>0 1
.\‘L’ 0_2;4:1 MiX(K K aa): Kpiaa<O ,; E0.0S; E'D : MIX(K 5K aa): Kpiaa<O ,:
c =] ] c [ g ]
30.150 - S0.06- - ]
> B o 1 > [ th 1
© = ] © b B i
s 01 = = £0.041 : 7
kel £ 1 kel = DEEEE ]
®0.05- = = ©0.02 .
O: e 1 L ) ) : ) ]

0 500 1000 1500 2000 2500 3000

L L + L L L L L =
100200300400500600700800900L000
[GeV] m; [GeV]

dia Brenner A ME Morphing



100.09 Ty
P ' El
O_O 08:7 pure SM E
; ' ; e MIX(KgyK ag): Kaga™0 ;
E0.07E] s Mok Kpaa<0 ]
20.06}- E
S |
50.05- E
S E E
0.04:* E
0.03- i

L L I L L ! L

0 o5 1 15 2 25 3

Ag

i

> 0.3r T T T 3
. . Bl
3 P pure SM E
ﬁo.zsz XK spyK pa)’ a0 1
; 0.27 + MIX(K 51K paa): Kpaa<0 E
= [a ]
S0.15 E
> [ o= ]
Sor - ;
2 S :
©®0.05F = E

13

L
1

e | L L L L
106500300400500600700800 900,000
[GeV]

dia Brenner

~0.16F

pure SM
© MiX(KgyK paa): Kaaa™0

XK g )’ K a0

ool bbb b bin b b

T ST T

pure SM
MKy )’ Kpas®0

XK gy )’ K a0

com e b b b e

Orr

ME Morphing

L I w -
500 1000 1500 2000 2500 3000
m; [GeV]




L{')0.0gi‘ T Trrrr T T T |
— C M ]
o L pure 3]
20‘08; Mgk K> E
Soo7E [ mxkauk) K0 E
> 5 | 1
So06-— 1y 3
a F B ]
®0.05[ = =
£ :_._‘_':‘—__, q
0.04- e Em =
C L L L L - )

0O 05 1 15 2 25 3

Ao

i

> 0.3¢ aassnanss ]
80 25i pure SM 7:
SE T mixKeyKpg): Kyg,>0 B
5 0.2F= MIX(K gy ) K, <0 B
z Fe ]
50.15 -
2 £ 1
g o E
° L & ]
©0.05- - E

1 | L |
100200300400500600700800 ?801\5)]00
e

dia Brenner

10 I

pure SM

}

MIX(KgpK i) Kpig,>0

MIX(K g K yg7): Ky, <O

[2o) XU EETE RN ENEN T R AT A

| | | | | | LT

1 2 3 4 5 6 7 8
Ay,
)]
>O.127 : . 5
[©] F ]
0] 0 1; pure SM E
S T mix(KgyKpg): Kug,0 ]
E0.0S} MIX(K gy ) Ky, <0 5
c FHy ]
30.06 © 1
2 Fooy ]
Sooa- u, E
2 F LN ]
S E . ]
0.02- o 2
o ]

ey

ME Morphing

F Il Il Il T e, |
0 500 1000 1500 2000 2500 3000

m; [GeV]



w011y
=1 E E
o 0.1+ pure SM E
> E BH— mixKeyK ) Kpga>0 3
%0.095:!:‘ 2] mix(KzM KHd ): KHd <0 E
30.08} M Hda Hda {
> E E
§0.07; o E
S H
0.05; B =
0.04- = .

0.035 \ ===

0 0.5 1 15 2 25 3
Ag
]
> 0-3: T T T q
80 25:, pure SM E
S TE T mixKeyKpg): Kiga>0 ]
= 020 MiXKawk) KO E
€ _f ]
50.15- 4
= E 3
et ]
g 0L =
kel Foe 1
©0.05F = 5
r o 1

o

L L + L ul
1002003004005006007008009001000
[GeV]

dia Brenner

Ln0-3:””””\HH\HH\HHmwmmwmw:
SO 2 i pure SM 5
P h SE:' T MiX(KeuKiga): Kige™0 ]
S 0.2 MiX(K K yga): Kpyga<O g
> = 1
So.5 E
S ]
® 0l = e
0.05F E
Foon I I | I | e ]
0 1 2 3 4 5 6 7 8 9
Ay
I
> 0.4r T T 5
[} £ ]
O0.35F pure SM E
3 0. —F— MiX(KgyKpga): Kiyga>0 é
- H mix(KSM’KHda): KHda<O E
£0.2 E
= El
S 0. E
= E
c0.1 E
go E
© E
0.05F ™z, E
E I e . L |

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

ME Morphing



160,09
S f sm 1
o E pure 1
20085:‘ MIX(K sy K pawr): Kpawr™0 1
007 M Ko< ]
> [LIE= ]
g0.060 [ E
5, 0e H ]
<0.05 ‘ -
0.04" f
L L L L I I J
0 0.5 1.5 2 25 3
Ag
i
> 03, T T T ]
v ]
[ S ]
C0.25- puesit E
I F7 —— mix(KewKugwr): Knaws>0 1
3020 M) a0 E
€ _F° E
S50.15 4
2 £ ]
g o1 = E
2 L o ]
®0.05- - 4
QFest T S

10020030040050060070080090a1000
[GeV]

dia Brenner

0 S A A R RS LAARE ARRAR AR RN
é pure SM é
E—— mixKsuKuawr): Kiigwr™0 E

! MIX(K K pawr): Krgwr<0 E

= == E
e = E

L L L L L L L ‘—’ﬁ? E

1 2 3 4 5 6 7 8 9

Ay,

)]

> r T T ]

80'12; pure SM 7:
a) . ]

8 0.1 MiX(KsyK pgwr): Kpawr>0 —

> L } MiX(K K pawr): Krigwr<0 ]

£0.0855 E

20.06- 7

a r EBEE ]

50.04? W 3

®0.025 =
C L L L i =3

0 500 1000 1500 2000 2500 3000

ME Morphing

m; [GeV]



"‘H’_O'Og:”” T 2018;“‘{
OO 08:* pure SM 7: \0.16; pure SM é
z ’ E:‘ —— MiXK g Knaw): Kpiaw>0 ] go 14i —— MixKsuKaw): Knaw™0 E
C0.075 e MXKewKyam): Kyiawi<O E S O. f MiXKyK ) Kenawi<O E
= E 3] 1 3]
> D : g E
©0.06 . - E e 3
s | : 20 = o ;
c0.05 : ; - =) E
0.04" -"“- . - :
C L L L L L s i L L L L L =l
0 0.5 15 2 2.5 3 4 5 6 7 8 9
@ Ay
] )]
% 0.3: T T T ] % r T T ]
(_r)o 25i pure SM 7: [C) 0-1f pure SM |
ﬁ ’ E —F— MiX(KguKpaw)’ Kpigu>0 1 8 iD —F— MixKgKpiau)’ Kpiaw>0 7:
4\@ 0.2 : MIX(K K pawn): Kriaw<0 - EO'OS 7 i MiX(K sy K pgw): Kigwi <O ]
g Fm E g X 3} 3
=015 E > % ]
g oL " E gooak 9
Q2 P | 2 = &, ]
®0.05- = = ©0.021~ “ﬂnﬂnw 4
E L L + . L q t L L L i ]

0 10020030040050060070080090a1000 0 500 1000 1500 2000 2500 3000
[GeV] m; [GeV]

dia Brenner A ME Morphing



	Introduction
	Motivation
	Work in progress
	Appendix
	Backup


