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Effective field theory

+ tffective theories appear everywhere in physics !

+ Based on the . physics at a given energy

scales decouples from physics at another scale except for a few parameters

Ex; Fermi theory sufficient to describe ff decays, no description of electroweak

nteractions required !

p decay W mediated
4 ) 4 )
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Two types of EFT

Top-down

+ [lheory at higher-energy scale known,

: : : : k
can simplify the picture to describe o
phenomena at lower energy scales.
ex, low
- energy
H , — - EFT
op quark (My= 173 GeV) Is much of known

neavier for QCD processes where the — theery

interactions are at the O(few) GeV scale

Bottom-up

-+ Valid theory valid theory known

. at a current energy scale, unknown
however no description of
physics at higher scales.
Current theory can be viewed as
a low-energy effective approximation
of a more fundamental theory Y
ex.
Fermi theory Is the low energy
approximation of the Standard Model | ,own
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Standard Model

+ The Standard Model (SM) is a remarkably successful
theory

+ |t s being studied extensively at the LHC

and other experiments around the world

+ No direct evidence for new members of the v

;
Tau
neutrino

family

+ However lacks explanation for many phenomena !

Ve

Electron
neutrino

e

Electron

dark matter, matter-antimatter asymmetry, etc..

@currks O @ cruceBosons @
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Standard Model - highly predictive !

+ The Standard Model predictions

agree we
at the L

| with measurements

C

+ [he energy scale probed by

these measurements typically
around vev (246 GeV)

+ |mportant to measure differential

distributions to separate out

regions with

nigher energy reach |

Production cross-sections

Standard Model Production Cross Section Measurements

Status: February 2022
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Direct searches for new particles

ATLAS Exotics Searches™ - 95% CL Upper Exclusion Limits ATLAS Preliminary

Status: May 2020 [Ldt=(3.2-139) b Vs =8,13TeV
Model £,y Jetst ET™ [Ldt[fo™] Limit Reference
1 L] 1 | I 1 L] 1 1 L] L] LI l ] L] L] L] ] 1 ] L] I 1 L] L] 1
ADD Gkx + g/q Oepu 1-4j Yes  36.1 Mp 7.7 TeV n=2 1711.03301
‘é’ ADD non-resonant yy 2y - - 36.7 Ms 8.6 TeV n=3HLZNLO 1707.04147
' -g ADD QBH - 2j - 370 | My 89TeV n=6 1703.09127
* D | r‘e C‘t S e a I"C h e S I"O b e c ADD BH high 3 pt >le,pu > 2] - 3.2 Mth 8.2 TeV n=6, Mp = 3 TeV, rot BH 1606.02265
(7] £  ADD BH multiet - >3] - 36 | M 9.55TeV n—6, Mp — 3 TeV, rot BH 1512.02586
a) S  RS1Gkk —yy 2y - - 36.7 | Gkk mass 4.1 TeV k/Mp; = 0.1 1707.04147
. — ®  BukRS Gk » WW/ZZ multi-channel 36.1 Gkk mass 2.3 TeV k/Mp, = 1.0 1808.02380
< Bulk RS Gk — WV — ¢vqq 1eu 2j/1J Yes 139 Gkk mass 2.0 TeV k/Mp, = 1.0 2004.14636
resonant production or U (8 sukrsgo o o Teu >1b>102 Yos 361 |mocmass 38 Tev Fme 1% 00410823
'; 2UED / RPP e,y >2b,>3] Yes  36.1 KK mass 1.8 TeV Tier (1,1), B(AMD - ¢t) =1 1803.09678
L SSM Z’ — ¢t 2e,pu - - 139 Z’ mass 5.1 TeV 1903.06248
SSMZ' - 1t 271 - - 36.1 Z’ mass 2.42 TeV 1709.07242
NnoN-resona th effe CtS (43 w  Leptophobic 2/ — bb _ 2b - 361 |2z mass 21 Tev 1805.09299
m g Leptophobic Z’ — tt Oe,u >1b,>2J Yes 139 Z’ mass 4.1 TeV r'm=12% 2005.05138
3 SSM W’ = ¢y Teu - Yes 139 | W’ mass 6.0 TeV 1906.05609
Q SSM W’ = v 17 - Yes 36.1 W’ mass 3.7 TeV 1801.06992
: : ©  HVTW - WZ-(vggmodelB 1epu  2j/1J Yes 139 |W/mass 4.3 TeV gv =3 2004.14636
rect DIro uction o D TV WY o qeggmod® 0o 24 o 13 |Vemass
m O] HVT V' - WH/ZH model B multi-channel 36.1 V'’ mass 2.93 TeV gv =3 1712.06518
HVT W’ — WH model B Oe,up >1b,>2J 139 W’ mass 3.2TeV gv =3 CERN-EP-2020-073
' LRSM Wg — tb multi-channel 36.1 Wg mass 3.25 TeV 1807.10473
n eW a r-tl C | e S Z LRSM Wgr — uNgr 2u 1J - 80 Wg mass 5.0 TeV m(Ng) =0.5TeV, gL = gr 1904.12679
p - Cl gqqqq - 2] - 37.0 A 21.8TeV 1., 1703.09127
N - S  cClttgq 2ep - - 139 |A 358TeV 7, | CERN-EP-2020-066

“ Cl tttt >1eu >1b,>1j Yes 36.1 A 2.57 TeV |Cael = 4n 1811.02305
© === Axial-vector mediator (Dirac DM) Oe,u 1-4]j Yes 36.1 Mped 1.55 TeV 84=0.25, g,=1.0, m(y) = 1 GeV 1711.03301
; S Colored scalar mediator (Dirac DM) 0 e, u 1-4]j Yes 36.1 Mmed 1.67 TeV g=1.0, m(y) = 1 GeV 1711.03301
Q  yVyy EFT (Dirac DM) Oe,p 1J,<1] VYes 32 | m. 700 GeV m(x) < 150 GeV 1608.02372
. Scalar reson. ¢ — ty (DiracDM) 0O-1e,u  1b,0-1J Yes 36.1 my 3.4 TeV y =0.4,2=0.2, m(y) = 10 GeV 1812.09743
* Usua” based On a ar*-tlcu |ar~ ) Scalar LQ 15t gen 12e >2]  Yes 361 |LQmass 1.4 TeV =1 1902.00377
Q  Scalar LQ 2" gen 1,2 >2j Yes  36.1 LQ mass 1.56 TeV B=1 1902.00377
m =~ ScalarLQ 3" gen 27 2b - 36.1 LQ; mass 1.03 TeV B(LQ3 — br) =1 1902.08103
-U Scalar LQ 3" gen 0-1eu 2b Yes  36.1 |LQSmass 970 GeV B(LQY - t1) =0 1902.08103
models with unique signature(s O VIQ BB S WHZht X oo 301 | Tmass 1.37 TeV su(2)couble
q g =9 VLQ BB —» Wt/Zb+ X multi-channel . 36.1 B mass 1.34 TeV SU(2) doublet 1808.02343
g & VLQ T53TssslTss > We+ X 2(SS)/>3eu>1b>1j Yes  36.1 Ts/3 mass 1.64 TeV B(Tsy3 —» Wit)=1, c(Ts3Wit)= 1 1807.11883
I g_ VIQY - Wb+ X 1eu >1b,>1j Yes 36.1 Y mass 1.85 TeV B(Y - Wb)=1, cr(Wb)= 1 1812.07343

VLQ B —» Hb+ X Oeu,2y >1b,>1j Yes 798 B mass 1.21 TeV kg=0.5 ATLAS-CONF-2018-024
VLQ QQ — WqWgq Tepu >4j  Yes 203 [lOWESSEee0cew 1509.04261
S cé; Excited quark g* — qg - 2] - 139 q* mass 6.7 TeV only u* and d*, A = m(q*) 1910.08447
D g Excitedquark g* — qy 1y 1] - 36.7 q* mass 5.3 TeV only u* and d*, A = m(q*) 1709.10440
§‘<> £ Excited quark b* — bg - 1b,1] - 36.1 | b* mass 2.6 TeV 1805.09299
4 l\/l ass I”eaCh Sa—tu ra—ted a—t | _ | O Te\/ W § Excitedlepton e - - 203 = A=3.0TeV 1411.2921
Excited lepton v* Seurt - - 20.3 A=16TeV 1411.2921

Type Ill Seesaw leu >2j Yes  79.8 N°® mass 560 GeV ATLAS-CONF-2018-020
LRSM Majorana v 2u 2j — 36.1 Ngr mass 3.2 TeV m(Wgr) =4.1TeV, gL = gr 1809.11105
S Higgs triplet H** — ¢¢ 2,3,4 e, u (SS) - - 36.1 H** mass 870 GeV DY production 1710.09748
£ Higgs triplet H** — ¢ Beut - - 20.3 |H**mass 400 GeV DY production, B(H;* — (1) = 1 1411.2921
©) Multi-charged particles - - - 36.1 multi-charged particle mass 1.22 TeV DY production, |g| = 5e 1812.03673
Magnetic monopoles - - - 34.4 monopole mass 2.37 TeV DY production, |g| = 1gp, spin 1/2 1905.10130

_f=13TeV vg=13Tev TR | - 1 1 1 r 1+ 3 a9l 1 1 1 r 1 a3 aal 1 1 1 1
partial data full data 10 1 10 Mass scale [TeV]

*Only a selection of the available mass limits on new states or phenomena is shown.

tSmall-radius (large-radius) jets are denoted by the letter j (J).

—————
excluded masses for individual models
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Looking for direct signatures

direct access at high energy

>

ho. of events

%)
<

>

invariant mass
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Looking for indirect signatures

Effective interaction at low energy direct access at high energy
q

L]

ho. of events

Scale of New Physics

%)
<

D >

invariant mass

+ SMEFT allows to probe BSM physics at energies much higher than direct energy reach

2nd Pan-European Advanced School on Statistics in High Energy Physics 11 Rahul Balasubramanian



EFT Lagrangian

+ EFT Lagrangian written out as an expansion in terms of 1/A where A > E, vev

+ L, contains no information of A, accessible by higher order terms which are given as sum of

all possible operators {@?} where,

A Z ;0.

l

3 — (gD (7
@Hq = (H'iD H)(u,y"u,)

+ {c;} are wilson coefficients are correspond to free parameters of the model

+ 0. all possible terms with known fields that respect allowed symmetries

— Lorentz invariance, Gauge symmetry

+ {0} acts as a basis to describe all allowed deformation to the Standard Model
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Observables in EFT

B. Moser’s thesis
+ We want to model the dependence of observable - =

> : —

x - o -

_ . - MadGraph Simulation —— SM _
distribution on the parameters of the model {¢;}, ex. 10¢-- PP — WH > bbb s mererence —
do - SMEFT Operator; O with ¢ = 0.1 -

T L . d ] )

+ Distribution predictions can be generated at choice of Pr W0 EFT =
parameters values using monte-carlo simulations -
10% =

+ However expensive to construct a fine grid of ol -
simulations, grid simulations scales exponential with number - =
exponentially with number of parameters involved S S SR EAE SR
L

— Prohibrtive | s of - -

= E _,——'_I_I_ -

S - -

5 || iR e e L LR L L L R —

: : : , , = -

+ Crucial to construct likelihood function in terms of EFT parameters, 2 o 00 200 300 400 500
Higgs P, [GeV]

L(data| ¢, Nuisance parameters)—__
[See Glen Cowan’s talk on likelihood based combinations]
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https://cds.cern.ch/record/2803776

From Lagrangian to observables

+ Glven the Lagrangian, can write down transition amplitude for process as sum of amplitudes,

+ Let's consider a one operator at d=6 case,

2
2
2 o9 i
O sverr ~ | Asyerr| T . T 2FR6 NN A4 .
* ‘ PeasssemsssiessssirasssRssassssssessssseasareeananens SI\/.l- AR Llnear,SMX(d=6)Interference

2
C
| Agprerr(€) | = ‘@SM‘ + 2. _ER(@ wOEFr) = A4 | @EFT‘

N

Distributions estimated from MC simulations

2nd Pan-European Advanced School on Statistics in High Energy Physics 14 Rahul Balasubramanian



Outline

Effective Lagrangian Morphing
+ Morphing physics distributions within EFT Describing physics observables

+ Interface between data and theory within EFT

Implementation within ROOT
+ Modelling EFT observables with Rool.agrangianMorphlunc

+ Examples based on 2 and 3 EF I parameters
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Mapping distributions to operators

+ Distributions map to contributions of all the different operators,

2

C C
| Asuerr(©) " = | Osy " + 2= R(O%, Oprr) +— | Ogrr|”

+ For one operator, templates generated at three values of the grid should suffice to span the whole
parameter space,
2
2

2 ¢ e ¢ 2
2 ¢ e c’ 2
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Distribution in the full parameter space

+ Three samples can be used to generate the continuous description, can fix A = 1 TeV for reference,

+ In this example we saw a one parameter case, however this principle can be extended
to arbitrary number of parameters which can be sampled at any set of independent

points In the parameter space

+ Morphing — procedure to turn a collection of probability models for individual points

N parameter space to a continuous description

{L(data| c=0, NPs), L(data| c= -1, NPs), L(data| c=+1, NPs)} — L(data| c, NPs)
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Morphing principle

+ [he morphing principle 1s based on linear algebra, very robust | Only relies on independent sample to

have well defined weight matrix

2 2
(95 — 9sm - IBsm) + (9sm - 9Bsm) + (9gspm — 9sm - 9Bsm) = Oout(JsM, 9BSM)

SM
(" )
/ P
. j —0sM - gBsMm SM

Mix Interference N
(" ) 4 ) (" )

+ ’ ° °
Input templates —+ Jom IBsM > /\ > \/ — Output prediction

NS J N J NS J

BSM
4 )
\ —0gsMm - gBsm R
N\ J

gsm  9BSM 9 9smIBsM  IBsM
SM 1 O polynomials SM ( 1 0 0 \ inversion gg'\"( 1 0 0 \
Mix 1 1 > Mix 1 1 1 > 9smMIBSM 1 1 1
BSM 0) 1 BSM \ 0 0 1 ) gEQBSM\ 0) 0 1 )
Parameter Card Weight Matrix Morphing Matrix
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interface between data and theory - unfolded distributions

+ Three possible approaches for the interface between data and theory for experimentalist

l. Publishing theory-level distributions
1) Full unfolding (very complicated) -  SM(EFT) parametrization (easy) =2 Measurement

= = 10 2 L e e L B B B T
. . 1 §  [ATLAS Preiminary  H—7y, 18— E " 0.15F ATLAS Preliminary H— yy, (s=13TeV J
Reconstructed migration probabilities s o1.7-ATLAS Simulation Preliminary  f — yy, s =13 TeV - - SILH g
g s o4 L SILH E - .
o o =1.65 = 01 z -z =
5 ) 2 C4 5F ~ Chuw=Tns=0.03 E C oo .
2 o~ 2 -IF - 5 B L “HB HW m
und = — o8 E —C,=24x10 ] 0.05F ¢ =% =0 -
9 - 3 1_45_ -3 =-0.0x10° E i g‘:=%’=o /\ :
- — 136 = of ]
1.2 = C

Tt = ~0.05F =
NS - 00 Observed 68% CL .
' : g E -0.1F [ ] Observed 95% CL E

9 w50 T, 0-9: SR, o
P, (rec) / GeV P.(gen) / GeV 0.8 x A5 kS 95‘
f ~0.08-0.06-0.04-0.02 0 0.02 0.04 0.06 0.08

Ady _
CHW
_ Inverse of detector Theory predicts
Experimental resolution and efficiency distribution
measurement (deconvolution/unfolding in terms of ¢,

+ Unfolding 1s a numerically very difficult problem that requires regularization’ to make deconvolution
step numerically stable

. , , L | | [See Carsten Burgard’ talk on
+ Many algorithms on the market — with variable sensitivity to assumptions, biases, etc unfolding]

+ Unfolded physics distributions are extremely time and resource intensive for collaborations to produce!

2nd Pan-European Advanced School on Statistics in High Energy Physics 19 Rahul Balasubramanian



interface between data and theory - template cross-sections

ll. Publishing template distribution close to reconstruction level

2) Template cross-sections (med. hard) > SM(EFT) param. (med. hard) -2 Measurement

. zz0/| ——
A TLAS Prel I m I nary ZZ-1j E —%—-— ] Observed HEL constraints with H— ZZ* and H — vy
H_)ZZ*_>4I ZZ'Z/__E_'_ i s F T T T T T T T T T T T gl l : ! l__
13 TeV, 139 b wx| . ] P -- - 6G = 0.00003 CHW =0.04 ATLAS Preliminary | & = : . sl Bl v
Reduced Stage 1.1 - |y | <2.5 T o (4ie s 7 o5 510 £ = cAs00008 21 CHBE0.15 il \s= i " — g - e
NN, @ - - cu=0.25 == cWW -cB=0.06 . H - . @ '
—8— Observed: Stat+Sys SM Prediction o é’ E.._ 8 . : : - . § CAL10] —
| [m1 Observed: Stat-Only o-B[fb] Sl | 2 L HELimplemented el i ! 15 18 ..
ggF-0j-pl-Low [ 180+50 176 +22 = e ) T ! - i 48 L
9gF-0j-pH-High |~ h 580+ 100 550 +50 | i ! i L . -
9gF-1j-p’-Low | e 130£80 17225 | - .
9gF-1j-p*-Med ; 140 + 50 119 + 19 ST B e e R e = cHw o ] . :
ggF-1j-p%-High : e 19.7+ 4.1 : _54(:_:% S Ty I R BT ' .
9gF-2j 60+70 125427 B[107] _
ggF-p!-High | 3 151442 | La
VBF-p-Low | 5 863+30 | pdll o
VBF-p#-High | 0.3 576+ 022 | | o
VH-Had 60 35.9*2 0
VH-Lep E 16.5j: | Para
wH | 540
.......................................

+ Avoid unfolding by publishing template cross-sections in regions close to analysis reconstruction region

+ lypically perform for Higgs cross-sections, may not necessarily extend for all use cases

+ Additional work involved In mapping each measurement ¢ to the expression In ¢;
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interface between data and theory - template cross-sections

ll. Publishing template distribution close to reconstruction level

2) Template cross-sections (med. hard) > SM(EFT) param. (med. hard) -2 Measurement

. zz0/| ——
A TLAS Prel I m I nary ZZ-1j E —%—-— ] Observed HEL constraints with H— ZZ* and H — vy
H_)ZZ*_>4I ZZ'Z/__E_'_ i s F T T T T T T T T T T T gl l : ! l__
13 TeV, 139 b wx| . ] P -- - 6G = 0.00003 CHW =0.04 ATLAS Preliminary | & = : . sl Bl v
Reduced Stage 1.1 - |y | <2.5 T o (4ie s 7 o5 510 £ = cAs00008 21 CHBE0.15 il \s= i " — g - e
NN, @ - - cu=0.25 == cWW -cB=0.06 . H - . @ '
—8— Observed: Stat+Sys SM Prediction o é’ E.._ 8 . : : - . § CAL10] —
| [m1 Observed: Stat-Only o-B[fb] Sl | 2 L HELimplemented el i ! 15 18 ..
ggF-0j-pl-Low [ 180+50 176 +22 = e ) T ! - i 48 L
9gF-0j-pH-High |~ h 580+ 100 550 +50 | i ! i L . -
9gF-1j-p’-Low | e 130£80 17225 | - .
9gF-1j-p*-Med ; 140 + 50 119 + 19 ST B e e R e = cHw o ] . :
ggF-1j-p%-High : e 19.7+ 4.1 : _54(:_:% S Ty I R BT ' .
9gF-2j 60+70 125427 B[107] _
ggF-p!-High | 3 151442 | La
VBF-p-Low | 5 863+30 | pdll o
VBF-p#-High | 0.3 576+ 022 | | o
VH-Had 60 35.9*2 0
VH-Lep E 16.5j: | Para
wH | 540
.......................................

+ Avoid unfolding by publishing template cross-sections in regions close to analysis reconstruction region

+ lypically perform for Higgs cross-sections, may not necessarily extend for all use cases

+ Additional work involved In mapping each measurement ¢ to the expression In ¢;
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interface between data and theory - direct SMEFT modelling

ll. Publishing template distribution close to reconstruction level

3) Template morphing with SM(EFT) parametrization (medium) -  Measurement
2350 MadGraph5_aMC@NLO  ATLAS Simulation
%vch © [ Input samples: T
- W™ i — LT 6= - . 4 _
. . 3300_ Ky =-10198, K,y =-3.19074, =1 41421 %) E\{5_13 TeV, h— WW— eu+ue, 36.1 fb Expected—E
y i< s Ky =6.76475, K 1y =243066, K, =1 41421 2 50 — Observed;
Ism .H ..... O Jsm 3 200F K s =471792, K py=-139336, K gpy=141421 S TE .
g QLY 5 = K s =21 1456, Ky =4.67437, K g3y=1 41421 - Ho
: 200 K gy =497422, Ky =-3.97667, K =141421 =] -
Y 2 AWW HWW SM
. E = __ — |
Qs G = ——
100p == _—— = _— ] 1 o
- —__ﬁ— f_ E \/ ]
S0} — R T
. - T VBF
f \ f . \ oo L ] tana,shape + rate u - float
L 0 05 1 15 2 2.5 3
M(gsw: 88sm) = (8sm - Osmp + 8Bsm * Opsmp ) - (8sm * Osma + 88sM - OBswa) - Ao

+ Publishing directly results on the parameters of the effective lagrangian

+ The lagrangian provides a natural description to measure physics parameter across different process !

+ Full power of EFT lies in global combinations !
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Qutline

Implementation within ROOT
+ Modelling EFT observables with Rool.agrangianMorphlunc

Describing model within Roofit

+ Examples based on 2 and 3 EF I parameters
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Statistical Models with RooFit

+ Roofit : statistical modelling toolkit based on C++ to create and perform inference on statistical models

of arbrtrary complexity

+ Design principle : Mathematical functions map directly to C++ classes

Mathematical concept

variable X

function f(X)
PDF f(x)

space point 5(,:

integral jf(x)dx

list of space pomts

RooFit class

RooRealVar

RooAbsReal

RooAbsPdf

RooArgSet

RooRealIntegral

RooAbsData
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Data Modelling

+ Modelling composite objects based on clear connection between mathematical functions anad

class objects

Math

RooFit
diagram

RooFit
code

GACICACAS

@ RooRealVar x

gauss (x,m, Js )

® RooGaussian g

AR N

RooRealVar m

® AN

3 RooRealVar s

RooRealVar x( x , x ,-10,10)

RooRealVar m(“m”, "mean”,0)

RooRealVar s( s , sigma” ,2,0,10)
RooFormulaVar sqrts(“sqrts’,”’sqrt(s)’,s)

RooGaussian g('g , gauss ,x,m,sqrts) ;

.
’

.
4

RooFormulaVar sqrts (@

.
4

Projection of gaussian PDF

©
o
=
T

Gaussian pdf.

o o o
o o o
[¢2] ~ 2]
T TT T 11 T

o©
o
($)]
T T

0.03F
0.02F

0.01F

0

10 -8 -6
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Modular design performs well with complex models

Workspace persistence of really complex models works too!

Atlas Higgs combination model (23.000 functions, 1600
~"_J | parameters)
| /

B e R S —

. L e G B e & e i \ ,

o, =B S ST A S
P, —— ~

.~ - A |
' il "/

/ .
/ // // /“ Model has ~23.000 function objects, ~1600 parameters

: = Reading/writing of full model takes ~4 seconds
Wouter Verkerke (Nikhef) ' ROOT file with workspace is ~6 Mb
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RoolagrangianMorphFunc

+

RoolagrangianMorphrunc : Rookit class implementing the lagrangian morphing

RoolLagrangianMorphFunc

A

RooRealSumFunc

(95 — 9sM - Gssm) + (9sm - 9Bsm)

+ (Qésm — Jgsm - gBsm)

Morphing object built as a

= 0out(9sm, 9BsMm)

‘ [ ’ I S ] — composite object of other
RoolLinearCombination
[ - I ’ J ' underlying RooFit objects
RooProduct

Underlying objects : RooRealVar,

Computational dependency
oraph for an example object of €

RoolagrangianMorphlunc

RooLinearCombination
w_SM_NPsq0

RooLinearCombination
w_cHq3_NPsq2

RooHistFunc
phys_SM_NPsq0

RooHistFunc
phys_cHg3_NPsql

RooHistFunc
phys_cHq3_NPsq2

-’
N o/
RooProduct uc RooReal Var
morphfunc_pol0 0 C
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One parameter use case

ROOT ﬁle Morphed templates for selected values
Containing \ 000 - — €, =0.01
. . ' . — €,,9=0.025
input d'stS-\ Fasy to extend to arbitrary number of parameters, e
observable ?*1std::s X
std::s , , , :
name = i i fit to pseudo data of distribution affected by three operators and correspond
sample /1 Pearson correlation coefficients
olders :
" Loores Input templates for pV correlation matrix A:
RooRea T 0 100 200 300 400 500 r?‘T’OO
o o 16001~ cHDD = 0.2 +1.5 .
CHQo. S¢ T\; 1400:_ cHI3 = 1.00 +0.47 orphing prediction _
g - cHg3 = 0.0100 + 0.0037 §
Roolag uj1200f‘ g
config B E
: 1000 —
config -
config 800
config -
400 :— 0 100 200 300 400 500 p6V00_
RooLag - '
200 —
OO_ L1 1 |1 O|0I [ I2(|)0I [ I3(|)OI [ |4(|)0| [ I5(|)0I [ I6()O t )
.Toot’),
p” Hg® Ch® Cubp

SNewPhysics(cHq3=1),
$folders ({’SM_NPsq0’,’cHq3_NPsql’,’cHq3_NPsq2’}))");
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Summary

SMEFT becoming the standard interpretation framework for measurements at the LHC to look for
indirect signs of physics beyond the Standard Model

'he morphing technique provide a powerful way to model the EFT distributions in combined
ikelihoods, now available with ROQOT release v6.26.00

SMEFT Is global, provides an unifying framework
to Iinterpret measurements consistently across

different sectors and experiments

Tau
neutrino

Thanks j[a’z your attention /

Rahul Balasubramanian
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