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Th Introducti e
eory Introduction 1L v

SM tested with unprecedented accuracy with LHC Run Il statistics.
Recent evidence for tensions...

There are known SM shortcomings — the SM is thought to be a low level
manifestation of a UV-complete theory at large scale.

EFT interpretation can shed light on NP

SMEFT Neglecting B/L violating dim-5 and dim-7
» Built upon SM fields operators
> 5U(3)C X SU(Z)L X U(1)y
invariant . c
> Higgs-like in SU(2) Lomerr = L+ =20 + 0 + .
doublet. Linear i .

realization of EWSB ) )
> Describe ~ all B ¢; wilson coefficients

UV-complete theories "1 A unknown NP energy scale
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Experimental Overview
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VBS
oL ~ 137 fb~" allows new
measurements.

o Statistically dominated.
e BSM in aQGC or EFT dim-8.
e dim-6 can be important
(and should be considered)
[ arXiv:1809.04189]

May 2021 CMS Preliminary
c i o
vs. NNLO (o) theory 8 TeV CMS measurement (sta tat+sys)  +-+-t
13 TeV CMS measurement (stastatssys) et
w ——— 1.06+001£0.12 50fb*
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wz e 1.00£0.02+0.03 137 fo!
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7z < 097 £0.06£0.08 19.6fb™*
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Diboson Cross Section Measurements

Prelminary

—WWses [ = 0]
MW [ 20
e e
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Diboson
e Well known processes.
e High cross-section, syst.
dominated.
e BSM in aTGC or EFT dim-6.
e Limited operators studied.


https://arxiv.org/abs/1809.04189

The case for a LHE study

The case for a LHE study:

> LHC VBS results usually interpreted in terms of dim-8 operators. But
dim-6 should be considered

> Global EFT fit will be needed, combination is key: top + Higgs + EW +
, . - What's the sensitivity reach / interplay of

VBS and WW?

> Ranking of common observables based on the operator-by-operator
sensitivity

» A study of the impact of A=% dim-6 terms
> Analysis of the EFT contributions from the major background

> First exercise with a new statistical model for EFT fits and combinations
within CMS.
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SMEFT Monte Carlo Generations 2l [NFN

e 15 dim-6 SMEFT operators with various field content from Warsaw basis [arXiv:1008.4884v3].
e Generated at LO with SMEFTsim [arXiv: 2012.11343] + MadGraph5_aMCGNLO (2.6.5).

e Insertion of one operator per diagram in production/decay.

e U(3)5 flavour symmetry, {my, mz, Ge} input scheme, CP-even, A = 1 TeV.
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Q¥ = (T i) 1) Q) = (HT )T 1p)
Qij) = (HTiH)(@h ap) Q) = (H1iH)(@) ap) —
Q((;q) = (l_lp’Yqu)(ar’YMQr) foq") = (ﬁp’Yuqr)(ﬁr’Y“qp) QA
o) = @7, ap)@v"ar) Q%" = @pl,a) @ ap)
Qup = (HT D, H)(HTDHH) Qg = (HTH)O(HTH)
Qups = (H1H)! Quw = (HTH)wiky
Qu = Tfwiy wipwhi Q;:) = (pulr) (@' tp)
Quad
N 2 Ca T [ 2 Calp T
o |Asul* 4+ e '2Re(ASM~AQa)+ﬁ SVEREDY Ao “Re(Aq,Ag,)
“ Lin o Mix

Two complementary approaches employed:
e Generate single components, ¢, = 1: n(n + 3)/2 = 135 V processes
e Generate events once, LO MG re-weight to different Wilson coeff. Algebra to extract components.
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Processes of interest INFN
Where appropriate, background contributions (a2ag,) generated for both SM and EFT.
Fully-leptonic and semi-leptonic final states investigated.
LHC-like selections performed (slides 23,24,25).
Full 2 — 6(4) VBS (diboson) processes including non-resonant diagrams.
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e Same-sign WW: pp > et veut v, jj g”’\/
e Opposite-sign WW (QCD): pp > e ve ™ v jj —~~ <

o WZ+2j(QCD): pp > et e ut v, jj

e ZZ+2j(QCD): pp > et e put pu™
e ZV+2j(0CD): pp > zwh(w™, z) > 1T17jjjj

(] :pp>e+1/eu717,t

An integrated luminosity of 100 fb~" is assumed. Projection
of constraints on slide 31 2—L

G. Boldrini, 05/05/2022, DIS2022 6



Processes of interest - EFT sensitivity ‘,nn;n
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Summary of the sensitivity of each process to the operator subset. Empty cells =

impossible to insert EFT vertices in diagrams.

proc/op | Quo | Quo | Quws | Q) | Qf) | Quw | Qw | Q) | Q) | Q| o | @&V | Qli” | o) | au
SSWW-EW | v | v Vilvi|iviviviWn|lv|v]v v v %)
OSWW-EW | v | v vilvi|iviviviWn|lv|lv]v v v %)
WZ-EW | v Vlvi|iviivi|iv|iv]|v|v]|v v v v W)
2Z-EW vl v Vilvi|iviviv|iviv|iv]v v v %)
ZV-EW vl v vilvi v iviv|iviv|iv]v v v v

ww v volv| v S v

7v-QCD v volv|v viviiv|v
0SWW-QCD | v v olv|v viviiv|v

wz-QCb | v volv|v Slvi|v|v ()
72-QCD v oV vViv|v V)

> EW VBS phenomenology richer than diboson
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> EFT contributions from QCD induced VBS backgrounds can enhance / mitigate the

purely EW sensitivity

G. Boldrini, 05/05/2022, DIS2022
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Introduction to shape analysis

2
N o SU™ 4 SMAP 4 e (Lin™ 4 Lin®®) + 2= (Quad™ + Quad®®)
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L/

A
P AgWW 2 100 fb (13 TeV)
G 25 WEW2) EWK . .
& W2 QCD Likelihood

7, SM Stat. Unc.

Quad cqq3

i Lincqg3

SM + EFT ¢cqqg3=0.01

N

1 SM+EFT cqq3=0.1 Nu:sances
1.5 [__] SM +EFT cqq3=1.0
N k C _N
- T1 ©O" w0 T (i)
bin=k syst=j

Poisson
05

----------- e N(€) =SM+ 3, Ca-Ling + 2 - Quada +

z > ap CaCpMiXap
z —— en = N(0) — assume SM
o
05750 100 150 200 250 300 350 400
T|2 [GeV]

¢ Only one nuisance: correlated 2% between all yields, samples, and bins (proxy LHC lumi). Flat
prior

e under SM, sensitivity estimated as —2A log £ < 1(2.30) and —2A log £ < 3.84(5.99) for 1(2) W.C.
G. Boldrini, 05/05/2022, DIS2022 8



. ’gnu,unm; /j
Analysis strategy LN
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= o = T
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- h[i

e Parametrize EFT dependence on ¢; for observables of interest

o Fit each variable for each operator/s rank variables based on 1o range (10 area in
2D).

eV operator/s extract best variable for combination

G. Boldrini, 05/05/2022, DIS2022 9
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Individual constraints - VBS+WW Combination
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> Most stringent constraints from VBS to 4-fermion ops, agrees with previous studies
[arXiv:1809.04189]

> Strong impact of fits including O(A—*) terms for 1 operators. For the remaining, no
difference observed.
» Among VBS, SSWW, OSWW > WZ, ZZ due to higher x-sec

> Of_,’l), Quw, Qxo, Qp only constrained by VBS.
> Qﬂl) mostly constrained by VBS WZ/ZZ

G. Boldrini, 05/05/2022, DIS2022 10


https://arxiv.org/abs/1809.04189

DEGLI STUDI
=

Individual constraints - VBS semi-leptonic

SR UNIVERSITA

= ONVIIN

e Lack of Z+jets background a%az, (dominant in ZV semi-leptonic) — not included in
the combination.

e Constraints competitive with diboson W W~ and slightly better than any other VBS
channel considered, especially for Q).

e Impact of O(A™*) less prominent w.r.t. other channels.

100 fb* (13 Tev)

ZV+2] [ inar+ Quadrac ssvo .1 Linear + Quadratc 95% C.L. 21T T
Individual constraints N I
1001 (13 TeV) A=1Tey ~ —e— Lnearsgwcl  wees Linear 95% C.L o L
68% L+Q (L) 95% L+Q (L) - .
Qe [215(215), 201(200)]  [4.20(4.19), 3.69361)] 3
Quu (156(226),127(223)]  [233(4.42) , 2.00(4.32)) F
Qo [0.5(051),0.69(0.68)] [0.68(0.68), 1.40(136)] F
o [060(057), 0.59(0.62)] [1.18(1.06) , 1.15(1.27)] 6~ N
Qe 0.48(0.49) ,043(0.43)  [0.98(1.01), 0.79(0.78)]
Q) [0.400.40),043(0.43)  [0.76(0.74) , 0.86(0.88)] I
o [028(028), 024024 0570557, 0450.45) i
' 4= 95% .
Qo [0.20(0.34),0.32(0.33)]  [0.30(0.69) , 0.44(0.62)] I
o’ [0.18(029) ,031027)  [029(057), 0.43(053)] i
Q, 021(0:20),019(0.21)]  [0.38(0.38), 0.33(0.42)) [
o 014013), 014016 [028026) ,0:27029)] I ]
Q¥ [0.12(0.13),0.12(0.12)]  [0.25(0.25) , 0.23(0.23)] |
Q4 (0.06(0.08).007(0.07)] ~ [011(016) .0.17(0.13)]
Qa [0.05(0.04),0.06(0.04)] ~ [0.10(0.09) . 0.12(0.06)]
I I I
Lol Loliulualil
5-4-3-2 -1 0 1 2345 5 20 25
Parameter estimate Cp [TEV?]
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Individual contraints - Best variables
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SSWW+2j  OSWW+2j WZ+2j 77+2j ZV+2j ww

Op.
L 1+LQ L Q L QL +Q L +Q L 1*Q

CS,) - my - METmee!  muzpre -t pre,t P¥,,~| P¥j| prp  MET
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& I mit prpmy pre omy o prp my priv prul AR - )

<’ | Doy prpmy Pz omy  prp my Prj AgitAGE - -

C.(fd” Ag¢;  prjPrjp Prjp Prjp Prj Prp Prj2 A‘b}fss pﬁs - -

54(;2 Prj  PrjPrj  Prjp Prp  Prjp Prjp Prj M’}fss pﬁs ° °

o | ot Angtmgt o mytomgt o my o myt myt o Aup o Aggomg o my!

Cip | Prj My Dy Ang Mee Al prevuc pres+l pre pre Pro Pro - Z-J/é
o | myt o ommt mtomt mymy mt At At pryt pre 'J_,"(,, .
Cuws | Prji  Prj Qmj My Mee  Myz Myt A A"}/{ An}; P MET T \\
C | Prjy Mg mg omy - Mz - AmyoopY, Py, - -

Caw | Agy  my Agy  my mpt muz my my  PYR Py, - B - —

v | Adj  pruley My prp Muz Ay pri AT AG/FSTMET  MET

Observables ranking change from Lin to Lin+Quad.
Best observable group usually match prior knowledge about

the operator.
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Impact of QCD EFT dependence
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N(EWK+QCD) ox 511" 45U 4 & (LmEWK T LmQCD) + o (QuadEWK n QuadQCD)
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o
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s
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T T

Best Confidence Interval
?
pra—
-
L L L

Best Confidence Interval [TeV?]

Ca : mk |, Ca EWK
—Lin +ﬁouad

A=1TeV,L=100fb" (13 Tev)

o

-1

+ 68% EWK+QCD

+ 95% EWK+QCD

pal F o ox
ER A=A
& 0% &
ZZ+2j A=1TeV,L=100fb" (13 TeV)

~
T

Best Confidence Interval [TeV?]
o
T

o
T

Best Confidence Interval [TeV?]

+68% EWK

+ 95% EWK

SM

including the background QCD dependence never weakens the sensitivity reach of all analyses.

G. Boldrini, 05/05/2022, DIS2022
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Profiled constraints - VBS+WW Combination
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Profiled [ profiled B individual
VBS+WW Combination O sm
95% C.L., 13 TeV,A=1TeV —
95% Profiled  95% Individual
Chone o O [9.775,10012] [2.200, 1.847] Global fit guarantees
Chp [m— 0 =) [-6.172,4.400] [-2.712,2.576]
cly [— O ] [-4.543,3.157] [-1.012,0.994] SMEFT model and basis
o [m—  S— [-2.021,3.168] [-0.155,0.152]
c = =] [2.382,2.312] [-1.384,1.464] H
c::a ] [2.040,2.147] [-1.694 , 1.403] mdependence. VBS + WW
0 = [-2.114,1.742] [-0.156,0.160] .
————— fose2. 0as] (0195 0356 profiled constraints
o e [-0.286,0.333]  [-0.200, 0.321] . . _
JE’; e [-0.352,0.100] [-0.097 , 0.080] mcludmg all A= terms.
35l - [-0.084,0.265] [-0.066 , 0.230]
cﬁ; = [-0.172,0.171] [-0.191, 0.148]
o . [-0.060,0.141]  [-0.059, 0.085]
Cw [ - ] [-0.089,0.097] [-0.087, 0.093]
| | ; | |
-10 5

0 . 5
Parameter estimate

o All parameters free to float in likelihood maximisation

o Individual limits on operators obtained by profiling uninteresting W.C ( free to float in
the fit)

o Profiled ~ 1 — 20 x Individual

G. Boldrini, 05/05/2022, DIS2022 1%
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SMEFT corrections in propagators

Mass terms and decay widths of
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WW2) 100 b’ (13 Tev) WW2) 100 f’ (13 TeV) 100 fb” (13 TeV)
the SM particles generally receive i i
corrections from e operators. o
Currently available simulation b
tools only allow their consistent A0 I R
estimate at linear order (excluded &L, o) Lo b
H £ Haia
{n’lw7 mz, GF} — omy = O,(smz =0 :ﬂ .
Corrections for different ops share . | I L ——
the same shape except for R~ LR R~ R R
normalization. et ownn  wen  wwisng ewss b
Simulate for Q) oV proc. and scale -
(W,Z) and Quw ( ) only significant o 4
in OSWW . )
:s — WZ+2jcHa3 o, o WZ+2] cH3 8T, B —— W'Z+2j cHW 8T,

oTw/Ty = —c3) —cﬁf,) —cY
3 3 . .
[ | I'w correction I/ 7 correction [ | Iy
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SMEFT corrections in propagators

Comparing at linear only limits obtained with vertex+prop insertions (&)

NIt = NI+ NI+ NI+ NTE with previous linear only fits NI = NI, .
Apple to apple: same variables obtained with ranking w/o prop. corrections.
Non-trivial results: limits may change up to a factor ~ 5

. 1 V— Linear + prop. 95 C.L.
[ wewomsce oo z [ ]
- ) roasosiem  Lnicensasal
FL L pon) 9@ (L pon) Cobined =) 030903031 [06080508]
2 e — (055(0122065(1.42) 1021220125529
e ——— [031(140)0201 5 F058(255)058.07) rosater  romsomans
s —— (O iomomonon omomosomi| | Z (554010860) (9300 14(119]
osww _— e wz ¢ (62486749 [1L7(87)13609)]
o — FDTS(007)005(0.07) [008¢012)010013) pom == W pxemisen  Rasenases)
Combined — foso00a0i000) fomomnaioiz)| | O .
2 —_— (04010007412 L1319 1522
w —_—— tosomomor pssimosisal| | 5, e — aaaien  (2xa0zses)
o @ tomomozos om0l 1wanan w5950z
oo —— A fonomaoan fomomusom| | W e oy EIDIOS RSR2SOD
o ————u [oos(o0m023) [o1s0anorios)| | osww — omsan  pazazeol
Continea == 1006013000020 1015031016039 | | Contines P fasonoson  rscintenol
- — 0840129056109 55260101 87)
w —_— rosomomom peimossy | | 22 = @ fo7ometon)  paiam)
sovw —_— (@ 1owomosoan oancosmomol| | w == @ taromoron  psanisal
osum — W osomonoan oaomozo| | ool astonoson  oxontio
ww e [009(052),008049) [0.17(1.00,0.160.961 oo == [osOR0OA - D80G
Continea —_— [008(015)000017) 01600390150 3]
osuw —— o, HN2alEe  Eounzien)
osww s = LA [273239.2TI24) b — MO oamioea  [18c49206m
Comtined CHY a0 10 [2542292592.29] comtined
L I YT T PR WUV L
EE g TN 0-50-40-30 20 -10

T = 5 - e - ), 0

oTz/T$M = 1.61¢s) —1.37¢) + ¢ + 0.47¢;) — 0.18¢;) — 0.07kp + 0.46CHws @)

ory/IM =o. 36c(3) —2. 62c( ) |1 40cfl) +1.83¢cyg — 0.46CHp — 1.26CHw +1.23Chw . (3)
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2D constraints - VBS+WW Combination
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100 fb* (13 TeV)
T T

F ] combined E

100 fb* (13 TeV)
(AAAAAARRRES

G [Tev?]

Complementarity of VBS and diboson
measurements:

7742

> Qqq operators only constrained by VBS |\ ]

.......

» Quo, Quw operators only constrained | {.....J Combined O(?)

L
=03 02 01 0 01 02 03

by VBS 100 b (13 TeV) 100 fb ?fa::/?
> Degeneracy on Q(}) resolved by VBS ~ £.f T )
ZZ|Wz “od E

» Flat directions resolved thanks to
combination. E

TERPSTIOONEL 5001 WO T IO
B2 N R S WP R TR
5 (Tov 0 oy
lmevd o Tev?)

Impact of O(A—*) terms non negligible:
e Distorts the linear elliptic c.l. in a non-trivial way
e Linear-only sometimes better (differently from 1D): Mixed interference between dim-6

amplitudes can mitigate deviations
G. Boldrini, 05/05/2022, DIS2022 17
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In this work we presented a comprehensive study at parton level of EFT
dimension-6 effects on VBS and diboson W"W—

» VBS 2 — 6 simulated for all channels (2 — 4 diboson)

Individual sensitivity does not decrease at O(A~*)

O(N=*) terms help in reducing flat directions

Propagator corrections at O(A~2) provide sensitive contributions

EFT dependence of the QCD induced sample (a2af,,) never
weakens the sensitivity

Addressed sensitivity reach of ZV+2j (semileptonic)

Orthogonality of VBS and diboson measurements in more
dimensions

vVvyyvyy

vy

G. Boldrini, 05/05/2022, DIS2022 18
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Amplitude d iti e
mplitude decomposition [

While the advantage of amplitude decomposition while generating EFT
contributions at fixed orders in E/A is a better PS sampling, it has the
disadvantage that the nominal value for N « ||.Asm + As|? can be negative due
to the fact that each contribution is evaluated on a different PS.

— The reweighting method (LO w" = w°| M} 2/|M$|?) computes weights for
new hypothesis fixing the PS and guarantees positive definiteness.. Handy
when working with pdfs.

Closure tests performed between standalone components and reweighted
one, agreement within statistical error.

SINGLE COMPONENTS REWEIGHTING

80 SMx+cli1 cllt in np.arange(-9, -7, 0.2) 80— SM+cllt cll1 in np.arange(-10, -6, 0.05)

T

Technical Details

G. Boldrini, 05/05/2022, DIS2022 20



https://docs.google.com/presentation/d/1N4n4qHwbsTEeSG9vySsIFztAOsnOoHAdNMQxA7a9vKI/edit?usp=sharing

Impact of QCD EFT dependence T

The fact that adding QCD often makes the bounds stronger can be understood intuitively as
following from the fact that, in most cases, adding QCD corresponds to adding a positive number
of signal events (independently of the value of the Wilson coefficient), which improves the bounds.
in the paper for the case of one Wilson coefficient C, the statistical analysis results into a
constraint of the form

“\’lincJr Nquadcz‘ <X (4)

where X > 0 is some numerical quantity and the N pre-factors decompose additively into EW and
QCD components, because the interference between them is negligible for both SM and EFT, that
is:

in lin quad _ quad quad
N +aco = New + Nato » Newiaeo = New  +Nocp - ()

If the constraint is dominated by the quadratic term, it takes approximately the form
IC| < /X/Nauad and, because N?”“d > 0, necessarily

X < X 6)
quad quad quad
N + NQCD NEW

i.e. the EW+QCD bound is always stronger. If linear terms are dominant, the constraint scales as

|C| < X/INin|, so again the EW+QCD is stronger than the EW one, unless Ni% and i1, partially
cancel against each other, i.e. |N‘E‘”WWCD| < |N“n |, which, however, is unlikely to occur
systematically across all bins of a distribution.

G. Boldrini, 05/05/2022, DIS2022 21



Impact of QCD EFT dependence
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To get a further handle on this aspect, we ran fits to the fully-leptonic QCD-induced processes
alone. All cases where EW and EW+QCD bounds are very close, correspond to situations where the
EW constraint is much stronger than the QCD one.

osww wz 7z
EW + QCD QCD EW + QCD QCD EW + QCD QCD

CHD [—3.3, 4.4] [—57,27] [—4.8,4.2] [—5.5, 4.4] [~5.6,4.] [—6.3,5.4]
CHWB [—3.1,4.5] [—11.5,11.0] [—4.1,2.2] [—7.2,2.3] [—7.0,2.1] [—7.9,3.0]
[« [—0.4,0.3] [—0.7,0.6] [—0.5,0.5] [—1.1,0.8] - -

CSR [—27.0,26.6] > 100 [—1.4,1.3] [—1.6,1.6] [—1.6,1.6] [—13.4,9.1]
cffl) [—0.3,0.3] [—0.5,0.5] [—0.6,0.6] [—0.9,0.9] [—1.2,1.2] [—2.5,2.7]
CS; [—0.8,0.8] [—0.8,0.8] [—2.9,2.9] [—19.7,16.6] [—4.8, 4.1] [—6.2, 4.6]
c}fg [—0.4,0.4] [—0.5,0.4] [-0.7,0.5] [—0.9,0.6] [—1.3,1.1] [—1.8,1.9]
cl(f) [~0.3,0.3] [~0.5,0.5] [~0.6,0.6] [~0.8,0.9] [=1.3,1.4] [—2.4,2.4]

G. Boldrini, 05/05/2022, DIS2022
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VBS fully-leptonic

SR UNIVERSITA

Standard VBS LHC cuts searching for two forward jets with high invariant mass and large » gap,

Central leptons and MET. ZZ+2j implements VBS enriched and inclusive selections.

WW'2) 100 b (13 Tev) Y WW2) 100 b (13 Tev)
Ha it e Process Variables of interest Selections
& aoof M Stat. Ur
o WEWE 4 2f MET, myj, my, ¢;. prj MET > 30 GeV
oo T (pp — 2l2vjj) Pri: Prus D, Adj i, g mjj > 500 GeV
S suiemarte my > 20 GeV
= WHW- +2f pr. > 25GeV
400 (pp — 2l2vjj) Ppr.e > 20 GeV
300§ prji > 30 GeV
200) W*Z +2j N MET, mj, mu, & prji, Pry An>25
100 (pp — 3lujj) Prus Anj. Adjj, ., 15, Myt Inil <5
- Prats Muz, 1wz, ddwz, Ppianes [l <25
I ] O, O 0
H H
g | B | 22+ 2 M. My, My, My, &, Prj. Pry.  Mjj > 400 GeV
0260500 w0 560 600 70 % O g g 3 ;] (pp — 4l2j) Proe, Pr s Adj, A, n5, 1 60 < my < 120 GeV
m, [GeV] any m, > 180 GeV
Ppr.o > 20 GeV.
Wzed) 100 fb (13 Tev) 2249 100 16 (13 TeV) pr.e > 10 GeV
H H » Pry > 5GeV
H g7 m=zoc Pprjiz > 30 GeV
‘I s D> 2.4
o Hlanemaros Iyl < 47
e e anto Il <25
o AR(ll,j*) > 0.4
o B o B
] Same Sign WW distributions: ©).
Opposite Sign WW distributions: €).
e 5 VBS ZZ distributions: ©).
2 4 _— . .
Z | B | VBS WZ distributions: ©).
EQN A R EL

MET [GeV] m; [Gev]

(]
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https://github.com/MultibosonEFTStudies/D6EFTPaperPlots/tree/master/Distributions/SSWW
https://github.com/MultibosonEFTStudies/D6EFTPaperPlots/tree/master/Distributions/OSWW
https://github.com/MultibosonEFTStudies/D6EFTPaperPlots/tree/master/Distributions/ZZ
https://github.com/MultibosonEFTStudies/D6EFTPaperPlots/tree/master/Distributions/WZ

VBS semi-leptonic X
1C0CE

» First evidence for semi-leptonic VBS
this year CMS-PAS-SMP-20-013

» W — gg: more statistics, more
backgrounds.

»> Major background: Z+jets, not
simulated — separate treatment.

> Highest mj; partons tagged as VBS jets
(e~ 75%).

Events

BSM/SM

2V+2j

SR UNIVERSITA
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100 fb* (13 TeV)

80

70

60

50

ZV+2] EWK
B 2v+2j QCD
% SM Stat. Unc.
< uad cW
< in cwW
) SM + EFT cw=0.01
[ 1 SM+EFT cW=0.1
[ ] SM+ EFT cW=1.0

VBS ZV distributions: ©).

G. Boldrini, 05/05/2022,(DIS2022

Process Variables of interest Selections

2V +2j mji, Mu, b, Prjis Pr.i mj; > 1500 GeV

(pp — 2ljjjj) pru, Dnj, Doy, ny 60 < m}f < 110 GeV
i 85 < my < 95 GeV

pr.o > 25GeV
pr.2 > 20 GeV
prji > 100 GeV
An; > 3.5

Inil <5

24


http://cds.cern.ch/record/2776799?ln=en
https://github.com/MultibosonEFTStudies/D6EFTPaperPlots/tree/master/Distributions/ZV

Diboson W*W- e
Iboson rcocen

WAW+0) 100 fb (13 TeV)
a
& 10 WAW0j
o E 7 SM Stat. Unc.
. Quad cHq3
w0 Lin cHq3

[ SM + EFT cHg3=0.01
[ SM+EFT cHg3=0.1
1 SM + EFT cHq3=1.0

1 1 1 1 Il
s o
2]
p R
%]
o
0571007150 200 250 300 350 400 450 500 550
m, [GeV]
Diboson WW distributions: ©).
Process Variables Selections
WHW-= +0j  MET, my, pry, MET > 30 GeV
(pp —2l2v)  pru, my my > 60 GeV
pr.n > 25 GeV
Pr,e > 20 GeV
[l < 2.5
G. Boldrini, 05/05/2022, DIS2022
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> Highest cross section

» Historically main playground for aTGC

and dim-6 EFT

> usually few operators studied:
Qw, Qwww, Qs and CP violating (HISz

basis)

> DF o-jet category high purity (main
backgrounds tt, non-prompt, DY)

Y _g‘
CeIN?

T

I

Conan /N

14

i

Tl

g

i

l zﬂﬂ

il

[EIIIIJIH

1

Gy IN?

Lo
-100

aC summary plots a:hipicern.chigo/8ghC.

o1

Ble B
| bR, e,

100 200
aTGC Limits @95% C.L. [TeV?]
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Analysis setup
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Ntuples and LHE generation framework
[https://github.com/UniMiBAnalyses/D6EFTStudies]

& UniMiBAnalyses / DBEFTStudies ©watch + 2 frsar 0 YFok 8

<>Code () lssues I Pullrequests ~ ( Actions [ Projects (D wiki () Security | Insights

¥ st | ¥ 3brnches Sotgs cootte rsare- ([ Avow

EFT studies with Dim6 Warsaw basis
‘Giacomo Boldrini Updated SMEFTsim 1063025 3daysago (D218 commits

@ Readme

M DatacardCreator changing names for lin and quad components in datacard 9 months ago

W PostPlots minor changes 13 months ago Releases.

W analysis ‘adding option to change folder when reading LHE files, histograms pl. 16 months ago. No releases published

L adding pieces 2 years ago

W generation Updated SMEFTsim 3 days ago
Packages

B hercules_generation Update README.md 13 months ago

W madgraph_model for the v3_C 8 months ago Publish your first package

= utils Added ptee and mee variables, specific for the WZ(eemu) final state ... 6 months ago

O gitignore ‘Added grouping options and fixed bugs, now mkPlot works fine 9 months ago Contributors 41

)

READMEmd Sometring more onoses @ @M B

G. Boldrini, 05/05/2022, DIS2022 26


https://github.com/UniMiBAnalyses/D6EFTStudies
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Post-processing, QCD merging, and shape maker based on
https://github.com/GiacomoBoldrini/D6tomkDatacard

SR UNIVERSITA
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Pull requests Issues Marketplace Explore

@ GiacomoBoldrini / D6tomkDatacard

<>Code  (Dlssues 11 Pullrequests () Actions [ Projects [ Wiki @ Security |~ Insights i3 Settings

Giacomo Boldrini mi>60 afatiea 3 days ago
R mi>60

D gtignore and fixed bugs, fine

D README.md Update README.md

D combineacnipy Option to always add QCD as bkg

D combineaCp_profie.py Addedd - to debug

D createCondorpy New combins options

D createCondorOPpy Upgrade version

D createProfie.py Add explanation, should be ru after mikDatacard

D makeDummies.py Added Script to merge two foders into one (to combine EWK and QC.

©83commits

3days ago
9 months ago
9 months ago
4 months ago
3months ago
2months ago
4 months ago
4months ago

5 months ago

Tailored to latinos framework datacard maker

https://github.com/latinos/LatinoAnalysis

G. Boldrini, 05/05/2022, DIS2022

About @

No description, website, or topics
provided.

@ Readme

Releases.

Create s

Packages

Contributors 3
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https://github.com/GiacomoBoldrini/D6tomkDatacard
https://github.com/latinos/LatinoAnalysis
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natysis setup mmu
EFT analysis inside CMS problematic. The fitting tool Combine does not allow
negative shapes (such as linear and mixed interference). Workaround:
redefine each component as positive-definite.
Combine model for EFT studies with up to O(A~*) and possibility to add dim-8
operators: AnalyticAnomalousCoupling
More details in CMS internal note.

SR UNIVERSITA

N=S§- (1—Ek+22k k)

Li<j j
+ Y ki—Y ki
i i#f
+3(k — k) - Qi
i
+ Y Y kiki- [S+Li+Li+Qi+Q+2- My

i,i<j j

(S+Li+ Q)
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https://cms-analysis.github.io/HiggsAnalysis-CombinedLimit/
https://github.com/amassiro/AnalyticAnomalousCoupling
https://cms.cern.ch/iCMS/user/noteinfo?cmsnoteid=CMS%20AN-2020/204

. EDLGUSAUD] /j
Analysis strategy = Tk
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Generations 1 INFN

SMEFTsim newest version: [https://github.com/SMEFTsim/SMEFTsim]

SR UNIVERSITA
ONVIIN

SSWW-EW generate p p > e+ ve mu+ vm j j QCD=0 SMHLOOP=0
OSWW-EW generate p p > e+ ve mu- vm j j QCD=0 SMHLOOP=0

WZ-Ew generate p p > e+ e- mut+ vm j j QCD=0 SMHLOOP=0

ZZ-EW generate p p > e+ e- mut+ mu- j j QCD=0 SMHLOOP=0

ZV-EW generate p p > z w+(w-,z) j j QCD=0 SMHLOOP=0, z > 1+ 1-, w+(w-,2z) > j j
ww generate p p > e+ ve mu- vm SMHLOOP=0

ZV-QCD generate p p > z w+(w-,2z) j j QCD==2 SMHLOOP=0, z > 1+ 1-, w+(w-,2) > j j

OSWW-QCbh generate p p > e+ ve mu- vm j j QCD==2 SMHLOOP=0
Wz-QCD generate p p > e+ e- mu+ vm j j QCD==2 SMHLOOP=0
ZZ-QCD generate p p > e+ e- mut+ mu- j j QCD==2 SMHLOOP=0

v/S = 13 TeV, NNLO pdfs from NNPDF as = 0.118 (lhaid=325500) and
4-flavour scheme. U(3)> symmetry group and {my, mz,Gg} input
scheme. A =1TeV

G. Boldrini, 05/05/2022, DIS2022 30
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Expected constraints at future colliders L3¢ INEN

PrOj eCti on VBS-only [ fb?] VBS+WW [ fb™]

L=100 L=300 = =
95% C.L., 13 TeV,A=1TeV u [L=100 [t=s00

WL=3000 OsMm [JL=3000
VBS-only VBS+WW
100fb*  300fb" 3ab’ 1001  300f6"  3ab®
Qp [ ei————— | [-2.98,2.71] [1.98,1.74] [0.67,0.62]  [-2.71,2.58] [1.69,1.61] [-0.56,0.54]
Qe — T — [-2.21,1.85] [1.27,1.15] [-0.40,0.39] - - -
Qe [ ———— ] [-2.41,1.54] [1.34,0.96] [0.37,0.33] [-1.69,1.40] [-1.09,0.91] [-0.35,0.33]
Quu - o= [-1.38,1.46] [1.02,1.08] [0.500.53] - - -
Q¥ [ i—p— ] [-1.02,1.01] [0.59,059] [0.19.0.19] [-1.01,0.99] [-0.58,0.57] [-0.18,0.18]
o -1 = [-0.79,0.78] [0.59,0.58] [0.33,0.31] ~[-0.19,0.15] [:0.15,0.11] [-0.09,0.05]
=54 m o= [-0.30,0.27] [-0.19,0.18] [-0.07,0.07]  [-0.10,0.08] [-0.06,0.05] [-0.02,0.02]
Q% e— [-0.20,0.34] [-0.13,0.27] [-0.06,0.16] - - -
QY —— [-0.20,0.32] [-0.14,0.25] [-0.06,0.16] - - -
P [Ty ) [-0.25,0.25] [-0.19,0.19] [-0.09,0.10] ~ [-0.16,0.16] [:0.14,0.14] [-0.07,0.07]
Q [ Q= [-0.26,0.24] [0.19,0.18] [-0.10,0.10]  [-0.09,0.09] [-0.07,0.07] [-0.03,0.04]
QP o] [-0.20,0.20] [-0.15,0.15] [-0.07,0.07]  [-0.15,0.15] [-0.13,0.13] [-0.07,0.06]
oY - [-0.07,0.23] [-0.04,0.06] [-0.01,0.01] - - -
o —— [-0.06,0.09] [-0.04,0.04] [-0.01,0.01] -
Y A I T

. - [mm
4-3-2 -1 02 0 02 1 % 3 4

Parameter estimate [TeV™]

= ONVIIN

Projection of individual
constraints to future LHC
phases Integrated
luminosities: LHC Run Il ~
100fb~", LHC Run Il >
300fb~", HL-LHC ~ 3ab™".
No scaling of the nuisance
constraint involved.

At the HL-LHC, the VBS-only combination is expected to constrain all operators to less
than [-1,], including diboson lowers the range to [-0.5,0.5]. Roughly a factor ~ 5
improvement expected from LHC Run Il to HL-LHC.

G. Boldrini, 05/05/2022, DIS2022
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SMEFT corrections in propagators

. SSWWs2j  OSWWs2j  Wz+2j 22%] 2V42j ww

i L +Q L +Q L +Q L +Q L +Q L L+Q
) | - mu - METme! muzpre ! pre, ' pY,  PY, pre MET
o | At Antmgt o mtmgt my o myt mt Al Al mgt o myf
CS'; Prj Prj My my my  prp o my prjr ml‘.;Es ml\_;as MET  MET
ng Agy Agymy  my Aggt prp Agyt Prie ﬂ¥§f ﬂ¥5f pre Pro
C-(;aq) myt Prj Mjj  Prjp My Prp My Prj prot A(b};ss - -
& | A% Premy pre my pra m prj Ot AP - -
C.(;q'” A prjPrp Prj Prp Prjp Prj P12 A¢,¥BS P¥§f - -
ng) Prj  Prj Pt Prj Pr Prp Prp Prje A@};Bs P¥‘}f - -
Cip | Prj my Amy o Ay mee At precuc press’ pre pPre Prpe Pro
Cuo | Prjp My My my - mwz - A P¥j1 P¥j, - -
cuw | Ady  my Ay my et myz my my Py Py, - -
Cuws | Pryi Pry Dmyp My Mee  muz my,t [N Al prp MET
cw Agj  pruldey My prp Mwz Ady Prie Atﬁf“ AdJ}fBSTMET MET
o | myt o mytmgtmtomt o my myt mt At Al prat pre
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Individual constraint

- VBS+WW Combination

A=1TeV 100fb? (13 TeV)
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st Linear 68% C.L.

: Linear+Quadratic 68% C.L.

2z
wz

SSWw B

osww e ————

Combined ="

2z

wz

ssww Bl
osww P——e——
Combined =

Linear 95% C.L.

- Linear+Quadratic 95% C.L.

68% L+Q (L) 95% L+Q (L)

0.20(-0.43),0.47(0.35) 0.35(-0.91),0.65(0.62
(3) [-0.12(-0.29),0.35(0.26) -0.21(-0.59),0.45(0.48)
Qqq -0.04(-0.07),0.04(0.07) -0.07(-0.14),0.12(0.1

0.05(-0.11),0.09(0.10) 0.09(-0.21),0.30
0.03(-0.04),0.04(0.03) 0.06(-0.08),0.09

0.22(-0.52),043(0.41 -0.38(-1.12),0.60(0.70

3,1) -0.13(-0.33),0.32(0.29) -0.23(-0.68),0.42(0.54)

Q 4 0.06(0.08) -0.08(- 16)

R 0.06(:0.12).0.22(0.11 0.10(0.23)0.28(0.21

4 0.05(0.04) 0.07(-0.10),0.23(0.07,

0.51(-1.59),0.73(0.99) (3.66),1.07(1.42

@y 0.33(-1.09),0.48(0.83) 53(-2.38),0.67(1.39

Qqq -0.15(-0.28),0.28 -0.56).0.38(0.51

0.17(-0.46),0.32(0.43) (0.94),0.42(0.82

0.12(-0.23),0.25(0.20) (0.46),0.34(0.38

0.52(-2.01),0.69(1.24) 0.84(-4.63),1.02(1.77

@ 0.33(-1.22),0.45(0.9 0.52(-2.39),0.65(1.54

Qqq -0.15(-0.33),0.27(0.29) -0.24(-0.68),0.37(0.53)

0.18(-0.52),0.30(0.48) 0.28(-1.06),0.40(0.91

0.12(-0.26),0.24(0.23) 0.20(-053),0.32(0.43

_________ 0.57(-2.26),057(2.31 -0.89(-4.14),0.89(4.32

0.33(-0.99),0.29(1.09) -0.51(-1.84),0.45(2.40

Q 0.20(-0.31),0.20(0.32 -0.30(-0.60),0.30(0.62

w 0.25(-0.56),0.22(0.57 0.35(-1.08),0.32(1.13

0.06(-0.46),0.07(0.44) 0.09(-0.91),0.09(0.86

0.06(-0.30),0.07(0.30) -0.09(-0.59),0.09(0.59

-2 -1 0
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o e . . . z z
= S
Individual constraints - VBS+WW Combination BE:
BICOCCA
7z s 0.6000.60).0.60056) 1on)
wz ——————1ro ® -0.29(-0.30),0.29(0.28) 6 053
s =——— Qf sty 2
SENWW = roﬁosé 9{ Zero'oaH ¥ sﬁ]
Combined —— - -0.08(-0.08),0.08(0.08)] .15)]
z ——————— .. 0.65(056).057(0.65 1.35)
i 0.35(-0.31).0.29(0.33 (0.66)
Sww ——— - Q@ 0220211021022 0.44)
g e w o Ry 3:3%
Combined —— -0.05(-0.04),0.04(0.04, 0.09)
zz R -0.68(-0.64),0.70(0.74 9(1.54)]
——————7 0.32(-0.31),0.32(0.33) ¥ 64( .67)
S —————m Q® -o.zo?o.zo;,o,zogo.m 0,4231
oSww " ] -0.15(-0.15),0.15(0. 16} 0.31
A bined == 3 og((g gg;'g ggﬁg 33 -g }g >3 n'};}g'gﬂ
oml == g X -0.16(- .16(0:
7z ... -0.79(-0.74),0.79(0.84)] 1 57( -1.35),1.55(1. 76)]
z — 0.69(-0.66).0.68(0.71)] 37(-1.26).1.33(1.43)]
B B Q(l) 13 735 100),13.61 >mog] 2o, 23(> 100; .20, ag§>1oaH
OSWW %01 oo -18.95(>100).18.61(>100)]  [-26.96(>100).26.61(>100

ISWW x 0.5
Combined x 0.5

-10.47(-30.20),11.66(30.45)]
-0.51(-0.49),0.51(0.53)]

192(9.89)1.83011.83)

3.69)
70.99(—1.40),109(1.41)]
-0.93(-1.31),0.99(1.32)]

-15.07(-58.93),16.24(59.89)]
-1.01(-0.94),0.89(1.06)]

-3.01(-17.51),2.89(30.00)]
-5.10(-35.98),4.85(35.98)]
3.09(-7.03),2.70(7.80

1.47(-2.73).1.59(2.77)
-1.38(-2.55),1.46(2.59

&
i
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2

-12-10 8 6 -4 2 0
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Individual constraint

VBS+WW Combination
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,4.0¢ 18.48;]

Wz 1 .2.91(18.39
SSwWw QW 1.7 ZS.ASH
OSWW Hg 0,01 g 1602.)2]7
Combined p="= 0.15(0.61)]

. . 4.32(14.61)]
wz ——— A.Zg(l -S‘&
SsSww — Q ,16.71(10.28)]
OSWW x 0.5 ™ HD 449642

= —— 5. 7.80(6.3:
Combined B —— ™ -1 49 &% 53),1 43 1 49 -2.71(-3.04),2.58(2. ae
7z f———— £.07(1. 20; 1 1551 38;] -7.01E-2.20§‘2,0852,8§g
wz e——. - -1.61),1.32(1.72) -4.08(-3.06).2.18(3.4°
SSWw e————— ... Q 5260 047 003 54 9.71(-12.01),19.33(10.50)]
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