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Introduction:

Present a SMEFIT “ stand-alone study”, results based on:
10.1140/epjc/s10052-021-09347-7
J.J. Ethier, R. Gomez-Ambrosio, G. Magni and J. Rojo

+ Motivation and SMEFT theory settings
+ Combined VV + VBS EFT data analysis with SMEFIT
4+ Future Prospects: a toy model for HL-LHC \

Further details on SMEFIiT in
J. Rojo talk (Wed 28th)


https://arxiv.org/ct?url=https%3A%2F%2Fdx.doi.org%2F10.1140%2Fepjc%2Fs10052-021-09347-7&v=9c75866c
https://arxiv.org/pdf/2101.03180.pdf

Diboson Cross Section Measurements Status: March 2021 VBF, VBS, and Triboson Cross Section Measurements  sue. varcn 201 [rar
T T T T T T T T T T -1
....................................... S S
- - Y e, ‘ vy R LA GARAAS AAARERRARS. R Y
KK Zyy—ttyy 7 =S sy 042 -0l | ATL AS Preliminary 20.3
Wy—[)l’vy 0] — — [Njer = 0] 7 = NCFNNRG thoaryy >~ 020 P (0@ 20.3
—In; _ ¢ = - _
Jet %% % .. W —Ly c=61+11-1+ é’ozrfb (data) — 20.
S QAR ATLAS P re l Imi nary X Zy(] o= 2’\./190:%,2500?71 1yz 0.9 fb (data) \/— 7 ’ 8’ 13 TeV 0.3
Zy—-tty % N — Njet = MCFM NLO (theory) 20.3
X WWy—evuvy 7= VRGO NS neory) 20.2
e =0 . \/— =7,8,13 TeV 7 a2 (theary 10 O14po () 79.8
[t = 0} - WWW, (tat, = R e 203
H o =0.24 4 0.39 - 0.33 + 0.19 fb (data)
— Z’}'—)VV’}/ * NNLO QCD - WWW—)[V{V_IJ Madgraph5 + aMCNLO (theory) 20.3
* Seve r al R un- I I V B S , CWWWosbvbvly | 7SS it el o 20.3
R WW?Z, (tot.) 7 ema a3 thoaryy PP 02 Th 79.8
ww A I Hit VBE 7R o 139
o el L Y ki oA 203
LHC pp Vs =13 TeV o =0.85+0.1+ 0.17 - 0.13 pb (data) LHC pp Vs =13 TeV e 139
- WW—)EIJ, [n'et = 0] A | _ H(—)WW)" VBF NNLO QCD and NLO EW (theory)
measurements are now j R i O OOt g Data A 203
—WW ey, [nje; > 0 stat oyst ) TS IR stat syst [n ] 139
—~WWoey, [nje: = — H(->yv)jj VBF 7 = Bt 3e&E freory) “? A 20.3
- WWosep, [nje: > 1 LHC pp V5 =8 TeV o= BRTigm LHCpp Vs =8Tev —C— 45

AR

o =1.1+0.5+0.4fb (data)

KN
0

VBFNLO (theory)

Data Wijj EWK M(ii) > 1 Tev) | 7~ B3a8 5888800 oo Data :
aval I a b I e Wz 2 B stat 1) (M(jj) > 1 TeV) a:lpsgjl?):?g;;(g‘af (theory) = otat 20.2
e _ M (jj) > 500 Gev Powheg+Pythia8 NLC} (theory) ﬂ 202

< o = 144 + 23+ 26 fb (data 47

- fo ¢ Powheg+Pythia8 NLO (theory) .
WZ-tvet 2 LHC pp Vs =7 TeV , ,r:37.4#39].5 iy‘t5.58fb (datat) ’ LHC pp Vs =7 TeV 139

u u X Z EWK Herwig7+VBFNLO (theory)

V [ ] I | Nain N | 77 REER Data 4 s=lgTa0sston Em O a 20.3
ery C a e g I g a a yS I S _ stat =T 15 414 180 (date) stat 36.1

& stat @ syst Zyjj EWK Madgraph + aVCNLO (theory) stat @ syst
—4¢ 20.3

S M — 7 S A ONLO TRyt s8 2 surv. Fact (0.82) (tneory) 139
. . . R vy = WW Tt —— 20.2
4 Precision still far from Higgs ~22ttm —_ sz o
+ - o= 2ngvf;8-3501><7(tf?-et8l’ﬁ 0.29 - 0.28 fb (data) 36 1
— ZZ* 8L ctentosm s e WHW=j EWK T 135055021 ) A 203
and d I bOSOn WV=8jj WZzjj EWK ":°j2§;mpi‘§iz‘£§?§?°:°9‘°:“b (cata) . 231;
_WV_)[VJ P :::(;;:;Y::’;: 1 ; 1 | N 1 szj EWK :rlzO.S-E%rilg%%.iz?:.#%Ofr?:)(d?ta.) PR TR SN T T T T TN T TN T TN M N N N TN N N N N A H. PO TN AT T ST N T T T N T M A A | 139
0.6 0.8 1.0 1.2 1.4 1.6 00 05 10 15 20 25 30 35
* Room for BSM effects data/theory data/theory
May 2021 CMS Preliminary _ May2o2t CMS Preliminary
(h ea rt Of EWS B) CMS measurements 7 TeV CMS measurement (stat,stat+sys) —o — CMS EW measurements vs. 7 TeV CMS measurement (stat,stat+sys) F——0—
vs. NNLO (NLo) theory 8 TeV CMS measurement (stat,stat+sys)  +—+—e— Theory 8 TeV CMS measurement (stat,stat+sys) — =
13 TeV CMS measurement (stat,stat+sys) ++eo—+ 13 TeV CMS measurement (stat,stat+sys) ——o——
Y | or——— 1.06 +0.01+0.12 5.0fb" qgW et 0.84 = 0.08 +0.18 19.3 fb™
Wy, (NLO th) —o+—— 1.16+0.03+0.13 5.0fb" qqW e 0.91+0.02+0.09 35.9fb"
5 _ Wy, (NLO th.) —e—i 1.01+0.00 £ 0.05 137 fb™ qqZ ———o—— 093+0.14+0.32 50 b
G Oal S Of th e p rOJ eCt. ZY, (NLO th,) i 0.98 £0.01+0.05 5.0 fb'1_1 q9Z — . — 0.84 +0.07 +0.19 19.7 fb”
WW+WZ — 0 — 1.01+0.13+x0.14 49f1b 1
) vy —=WW - o . 1.74+0.00=0.74 19.7fb
WW T 1.07 +0.04 +0.09 4.9fb y
WW 100002008 194 i qqWy — . — 1.77 £+ 0.67 +0.56 19.7 fb
L] n u . —_ . —_ . . _1
<4 Study VBS in a combined fit WW -3 10020012006 359 b qgWy — . 120016 =021 3591
WZ — o — 1.05 + 0.07 = 0.06 4.9 fb-1 ss WW -+ o H 0.69 +0.38 +0.18 194 fb-1
: W2 e 1,02 +0.04 +0.07 19.6 5" ss WW D 1.20£0.11+0.08 137 fb"
Wlth W WZ o 1.00 £+ 0.02 + 0.03 137 fb™ qaZy — . — 148 +0.65+0.48 19.7 fb”
ZZ H o H 0.97 +0.13+0.07 491b™ qaZy o 1.20+0.12 +0.13 35.9fb™
4 interplay between VBS and VW | Z —— i 0.9720.06£0.08 196 fb- aqW2 —— 146+08120.11 137 o
77 . 1.04 £+ 0.02 +0.04 137 fb™ qqZZ . 1.19£0.38 +0.13 137 fb™
in a dim6é SMEFT StUdy ttpmaese At Production Cross Section Ratio: 0, / Oy, o resus ot Production Cross Section Ratio:  Ogy, / Oy

3



Theory
SMEFT in VBS and VV
Expand SM Lagrangian as:

¢
ZLsyerr = ZLsy Z E@i

Diboson VV

() .(3) () .(3)
Coq’ Coq’ Cow Cod Cot» €12 Cope

+ Operators from the Warsaw basis (dim 6)

4+ Including only bosonic operators: VBS VVjj

2F2H, 2H2V, HDH"N2, 3V

+ CP violating operators

Cowr, C C
M}’ M}, M/B
¢ ¢ : CW’cqu’C(pB’c(p WB

AT

(1) ~06)
Coq> Cpq> Co

CW’ quW’ c(p WB

4+ Restrict to linear dim 6

1 .03
Cot> i’ Cpe

+ dim8 and quadratics for the future




Methodology

Experimental datasets

4+ Dataset from LHC Run |l

4+ Unfolded fiducial and differential cross

sections of VV and VBS

+ All vectors decay into leptons

+ EFT effects in “signal” region only

Dataset available by end of 2020

Final state Selection | Observable | nga; | £ (fb™1) Label
N do/dme, 13 36.1 ATLAS WW_memu
WEWT VvV
do/dme, 13 35.9 CMS_WW_memu
do /dpr 7 36.1 ATLAS _WZ_ptz
W*Zz \'AY% dpr

do/dpr, 11 35.9 CMS_WZ_ptz

Z7Z \YAY do/dmzz 8 137 CMS_ZZ mzz

Total diboson 52

Final state Selection Observable ndas | £ (fb™1) Label
EW-only Ofd 1 36.1 ATLAS_WWjj_fid
WEW*j;5 EW-onl o CMS_WWjj_fid
y fid 4 137 -WWJJ_
EW+QCD do /dmy %) CMS_WWjj_mll
EW+QCD do/dmry, , 5 36.1 ATLAS_WZjj_mwz
ZW*jj EW-only oaq CMS_WZjj_fid
4 137
EW+QCD do/dm;; (*) CMS_WZjj_mj]
EW+QCD Ofd 1 139 ATLAS_ZZjj_fid
ZZjj
EW-only Ofd 1 139 CMS_ZZjj_fid
N EW-only Ofid 1 36.1 ATLAS_AZjj_fid
YZ3J
EW-only Ofd 1 35.9 CMS_AZjj_fid
VBS total (unfolded) 18
ZZjj EW+QCD+Bkg | Events/mzz 4 139 CMS_ZZjj_mzz
YZ3] EW+QCD+Bkg | Events/pr,, | 11 36.1 ATLAS_AZjj_ptlla
VBS total (detector-level) 15

Other channels for future update:
Zy CMS, Zjj ...



Methodology

Theoretical calculations

NdOf: 1 6
— + Ci (int)
OSMEFT = OsMm A2 0,
i=1

Combining many HEP tools to achieve good predictions:

1. SM MC event generation with Madgraph and/or PowhegBox
@ NLO

2. EFT linear contribution @ LO with:
SmeftSim UFO model ( SU3)° symmetry)

3. Parton shower using Pythia8 and experimental phase
space selection with ad-hoc Rivet analysis

4. Experimental data with corresponding uncertainties

collected from Hepdata

do/dm,, [fb/GeV]

e

MC /Data
00 00 O Rppn

do/d mey [fb/GeV]

MC /Data

00 00 O RRpA

JIOVJI0O R R N WA

= N )
SYES, I CEEN VOIS, B N

e
G1

i
q%

JIOVJ0O R R N WA O

WEWEjj — vyl v, jj

—

CMS —— -
EW+QCD ——

R N—

=

|

bbbl i

50 100
WEWT — eFveutuy,

150 200 250 300 350 400 450 500

m,, [GeV]

i

qq@LO, x*/n = 5.16
qq@NLO, x*/n = 1.22
qq@NLO+gg@LO, x*/n = 0.44

ATLAS ——

IIIIIIIII|III|IIII|IIII|IIIIIIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

=
o

103
mey [GeV]



Methodology
Sensitivity plots

Study the impact of each operator in the
experimental phase space region,

fixing the Wilson coefficient to a reference
value

We observe:

+ Larger effects not only in the high
energy tails
+ What are the optimal observables to

include in the fit?
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Methodology

Fisher information

Trace of:
0°Inf(c exp gy 6((5{?) (ef?) N
Ii,sz[ —Z . ,]=1...n0p
acidc exp -

And normalised per operator.
+ |t shows how each channel contribute to the fit
result.

+ Computed before fitting

We observe:
+ 2F2H operators dominated by VV

+ VBS plays a role for purely boson operators:
HDHN2, 2H2V, 3V

ZZj]

- SSWWjj
WZjj
AZjj
WZ
VBS
VvV
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Methodology
Fitting strategy

IT

S MEF

+ Fit the data with SMEFIT [web site] (see J. Rojo talk):

Define the figure of merit to minimise as:

%z(ck) — Z (Oexpl o Oth z)(COV_l)l] exp,j Oth,j)

+ Include avallable experimental uncertainties, correlations and theory uncertainties

( from MC and pdfs ).
+ Use NESTED SAMPLING : Sampling the posterior as :

p(c,|data) = —3 (data | c)I(c;)

/ \

Multi Gaussian Likelihood Prior, assumed flat


https://lhcfitnikhef.github.io/SMEFT/

Fit Output
& dataset quality

4+ Some statistical fluctuations for
individual VBS measurements
(should improve when more data

points will be available)

+ Global reduced chi2: y* ~ 1
+ MHOU (SM and EFT) not included

Process Dataset Ndat X% /Naat (SM) | x?/nqas (EFT)
ATLAS _WW_memu 13 0.70 0.66
CMS_WW_memu 13 1.28 1.32

Diboson ATLAS_WZ_ptz 7 1.38 0.93
CMS_WZ_ptz 11 1.48 1.14
CMS _ZZ mzz 8 1.17 0.74
Total diboson 52 1.17 0.97
ATLAS_WWjj_fid 1 0.01 0.67
CMS_WWjj_fid 1 2.17 0.15
CMS_WWjj_mll 3 0.31 0.45
ATLAS_WZjj_mwz 5 1.60 1.52
CMS_WZjj_fid 1 0.38 0.79

VBS CMS_WZ3jj_mj] 3 1.10 0.73
ATLAS_ZZjj_fid 1 0.09 0.15
CMS_zZjj_fid 1 0.02 0.02
ATLAS_AZjj_fid 1 0.00 0.25
CMS_AZjj_fid 1 0.03 0.38
Total VBS 18 0.83 0.75
Total 70 1.084 0.917

10



[ |
Fit output
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Fit output
2D Fits

+ Useful to spot correlation
between operators.

4+ Understand how the

combined fit behaves with respect
to the VV-only or VBS-only

l

Complementarity between

VBS and VV data
when looking at dim6 EFT effects !

1.5}

1.0

0.5

cpW

0.0

—0.57

—1.0

0.8t

0.61

0.4r

cpB

0.0

—0.2r

—0.4r

—0.6}

95% Confidence Level Bounds

0.2

1 VBS-only
1 VV-only
| 1 VYV +VBS
03 —02 —01 00 01 02 03
cWWW
95% Confidence Level Bounds
[ VBS-only
VV-only
1 WV 4+ VBS
0.0 0.1 0.2 0.3
cWWW

12

1.00

0.75F

0.501

0.25F

cpW

cpWB

0.001

—0.251

—0.50r

95% Confidence Level Bounds

I VBS-only

—0.75F =1 VV-only

0.15

0.101

0.051

0.001

—0.051

—0.10¢

—1.0

| m— |

AVAUANTR s pYa
1 V.V 7T VDO

0.00 025 050  0.75

cpB

050 —0.25

95% Confidence Level Bounds

1 VBS-only
" [ 1 VV-only
1 VV 4+ VBS

05 0.0 0.5 1.0
cpW




Toy model
Dataset variation

1 VBS-only | VBS-only (with detector-level data)

('[N‘ ('I)I

Effect of differential ZZjj and Zyjj: } l |
Ll : it | 1ul|l !

1. Break degeneracy on CoB and C, 5

('[Nl ' ' (y']H{ | (‘:"l"l

2. Improve globally the VBS only fit.

ZZjj EW+QCD+Bkg | Events/mzz 4 139 CMS_ZZjj_mzz CpWiil - CpWB
YZ3] EW+QCD+Bkg | Events/pr,, | 11 36.1 ATLAS_AZjj_ptlla
VBS total (detector-level) 15

C CWWW | CWWWHtil

To test this, add to our baseline two detector level

distributions (only bins with high statistics)

Differential results make a big Posterior distribution

difference!
13
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VBS at HL-LHC 10

T

HL-LHC _ _th exp
i =o; (1 + ri(stot,i) =

| mm VBS-only (current data)
{ BN VV + VBS (current data)
{ I VBS-only (HL-LHC)

+ Assume the systematic 3 % % 8 % F F %2 0E 35 fE B §
errors reduce by 50% S
while statistical by 80 % " ‘ ] ; gg:&s{mim;)

4+ Create gaussian dataset . 0.1:: H | 1 |

+ Keep LHC binning % 4*] ------ - I o TR

~ —0.1F |

+ 61 data points from VBS i

ol
Central values —100f | | | '. | | ) | | | ! |
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| mmm SMEFIT VV + VBS, O(A2)

Sum mary and outlook ==z,

) 102_

10 1 I
10 0 r
o N ot os® 8}* o o o 0/&@ @&QQ 0@4 . Q@@ . &@Q)

W BDHLL: J. Baglio, S.Dawson, S.Homiller, S.Lane and I.Lewis

—_

VBS can be used to check TGC and QGC,

but can validate also the Higgs sector

!

On the way towards a “global” fit:

—_
)
—

95% Confidence Level Bounds (1/TeV

—_
-
[\

—_
O
w

Top+ H+ VV+ VBSand ~ 0O(100) operators mmm FitMaker: J.Ellis, M.Madigan,K.Mimasu,V.Sanz and T.You
Theory improvements: Fit improvements:
4+ Including Dim 6 quadratics terms + Add more experimental data
+ Account for NLO effects in EFT (ex: Zjj, Wjj, EWPO ...)

+ Can VBS give indirect information about Higgs 4+ Optimal observables

potential?

+ Can we compare with Dim 8 EFT operators?
15


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.115004
https://link.springer.com/article/10.1007/JHEP04(2021)279

Thanks for your attention!



Fit output

Principal Components Analysis

Singular Values
—_

) — —
L =2 =

—_
3
(8]

Trace of:

—_
3

n

op =
Z = = _

1.00

. PC1
=1
PC 2
PC 3

And normalised per operator. P 1-

0.75

0.50

4+ There are NO flat directions in a VV + VBS fit P

SN

+ First PCs contains 2F2H operators. PC 10

0.25

0.10

o o
0.00
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Fit output
CP EVEN only fit

103,
BN VV + VBS
{ B VV + VBS (CP-even only)
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Figure 4.12. Comparing the results of the baseline fit with those of the same fit where the CP-odd
operators have been set to zero, such that only the CP-even ones remain.
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Comparison with the literature

33 B SMEFIiT VV + VBS, O(A2)
10°f mmm BDHLL20 VV + VH, O(A2)
| W FitMaker Top + H + VV, O(A2)

p—t

-
L
|

95% Confidence Level Bounds (1/TeV?)

10—2;

o o o & QA

W BDHLL: J. Baglio, S.Dawson, S.Homiller, S.Lane and I.Lewis

s FitMaker: J.Ellis, M.Madigan,K.Mimasu,V.Sanz and T.You
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.115004
https://link.springer.com/article/10.1007/JHEP04(2021)279

