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A

SMEFT path to New Physics

High energy theory (new physics)

Using the Bottom-up approach

1 1
Lswrr = Lo+~ 2. col) 4 =2 c®0® 4 .

0" = effective operators C"™ = Wilson coefficients

~

~

Modification in the observablesis written in a
model independent manner are written as:

l

1
_ Exp SM _ <6> <6>
Aobs = obs obs —AZZCZ. 0\ + ...
Thus can act as an efficient way for data
interpretation.




Warsaw basis operators
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£ H22D p
Qu (HTH)3 o) (HTz'%),LH) ("l ) Q2 (lLvule)(@y*ar )
H*D? ) (HTz’TI%) H) (ILmiy" i) Q) (Z_LTI’Y;JL> (QLTIW’LQL )
Quo (et mO(H ') Qe (H"i'D W H) (ery"en ) Qee (€rv"ern )(Ervuen )
QHD (HTDMH)*<HTD“H) Qﬁé (HT’LD H) (@y*qL ) Quu (irY"ur )(UrRYuUR )
X3 Qﬁ?é ( H) (@et’v*qr) Qad (dry"dr )(drYudr )
Qe | fAP9G,21GPY G0 | Qu (HT i, H ) (@ry*ur) Qeu (ery*er )(@ryuur )
Qs fABCG, g BPra,Cr QHuad (HH’D,JJ) (dry"dr ) Qed (erv"er )(drYudr )
Qw TEW,E W, TP WL P | Qlad (HfﬁuH) (iry"dr )+ he. | QY (ary"ur )(dryudr )
Qu JIKYy Ly Ty, Ko Qq(fd) (ﬂR%’TUJuR )(C_lR%’Vde )
H?%Xx?2 H? X Qie (ILy*l) (ErVuer )
Qua (HTH) G, G4 H Qew (lpo"¥er )T"HW,,' Quu (Ioy"iL) (GrYuur )
Qua (HTH) G 2aa QeB (lroc*Yer ) H By Q1id (le~y*1l) (dryudr )
Quw (HYH) W, W Qua (qro 2 ur) HGW™ Que (aLy*ar )(ervuer )
Quw (HYH) W, W Quw (Gro”ur) TT AW, QLY (@Lvuar )(ary"un )
QuB (HTH) B, B*" QuB (Grotur) HB,, Q((Zi) (QL’YM%QL) (UR’Y”ﬁUR)
Q. (HTH) By B Qac (qLo™ 2 dn ) H Gpu” QY (Gvuar )(dry*dr )
QuwB (HTTIH) W' B* Qaw (qgro”dr )T HW,, ' Q;Sd) (@L %'}’MQL )(&R%’Yudl% )
Quv s (HTTIH) W, B*” QaB (qro*¥dr ) H By Qledq (l_ieR )(drqr;)
H3 )2 P QL) (fﬁuz% )ij(qf dr )
QeH (HTH) (lrerH) Qu (Ievule) (e ) Q((i)qd (CYJL >\2A UR) €jk (CYL 2A dR)
Qun (HTH) (qr ur H) QLY (Grvpar )(quy™qr ) Ql(i()w (ZJL GR) €jk (QLUR)
Qan (HTH)(JL dr H) QLY (QLTI’YM QL) (QLTIW”qL) Q2 (lL(fweR) €jk (qLJHVdR>
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Warsaw basis operators

Grzadkowski et al. 1008.4884

£ H2y2D W
Qu (HTH)3 Sl) (HW%,J%I) (Ipy* 1) Ql(;) (Tevulo) (@ qr )
H*D? 5 (HTiTI%)IJ«H) (Iomiy" i) Q) (e vt (aem'v" )
Q0 (HTH)D(HTH) QHe (HTi%)MH) (ervY"er ) Qee (erv"er )(€rYueR )
QHD (HTD,,LH)*(HTD“H) Qg; (HTi%)MH) (@y*qr ) Quu (urY"ur )(UrYuUR )
X3 Qg; (HTWI%),,LH) (quri~y*qr ) Qdd (dry"dr )(drVudr )
Qc fABeq,4+q, BvGg,or QHu (HU%)MH) (arY"ur ) Qeu (erv"er )(@rvuur )
Qs fABeG,4ra, Brag,or QHd (HT%%)HH) (dry"dR ) Qed (erv"er )(drYudr )
Qw T EW, DEW, DYWL B Qi (ﬁT'L%)uH> (ury"dr )+ h.c Q') (ary"ur )(dryudr )
Qu JIKYy Ly Ty, Ko Qisd) (ﬂR%’YM’UJR )(&R%VHdR )
H?%Xx?2 H? X Qie (ILy*l) (ErVuer )
Qua (H'H) Gt GAm Qew (Lo er )r  HW,, ' Qi (TLy* i) (@rvuur )
Qua (HTH) G 2aa QeB (lroc*Yer ) H By Q1id (le~y*1l) (dryudr )
Quw (B H) W, wher Quc (qro™ 2 ur) HG™ Qqe (" qw )(Ervuer )
Qv (HYH) W, W Quw (Grot”ur) T HW,, ! QL (qrvpas )(ary" ur )
Qns (H'H) B, B Qus (qLo™” ur) HBy, QR | (a2 ar) (any" 25 un)
Q.5 (HH) By B Quc (qLo™ 2 dn ) H Gpu” QLY (rvuar )(drry*dr )
Quws | (H'WH)W.L'B™ | Quw (qLo™” da )r' HW,,, ' QW | (a2 a )(drAFvudr )
Quws (HTTIH) W' B*Y QaB (qrot”dr ) H B, Qledq (l_%eR )(drqL;)
H3 )2 P QL) (fﬁuz% )ij(qf dr )
Qe (HTH) (lrerH) Qu (Ievple) (Toy™ i) Qfﬁfqd (ch AQA uR) €jk (ciL QA dR)
QuH (HTH> (Gr, ur H) QLY (Grvpar )(quy™qr ) Ql(i()gu (ZJL GR) €jk (@?UR)
QaH (HTH)(QL dr H) QL) (QLTI’YM qL) (QLTIW”qL) Ql(f,)lu (lL(fweR) €jk (qLJMVdR>
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¢* Model Independent Analysis in SMEFT

Ellis, (Madigan), (Mimasu), (Murphy), Sanz & You 1803.03252, 2012.02779

Dawson, Homiller & Lane 2007.01296
Ethier, Magni, Maltoni, Mantani, Nocera Rojo, Slade, Vryonidou & Zhang 2105.00006

Brivio, Bruggiser, Geoffray, Killian, Kramer 2108.01094

da Silva Almeida, Alves, Eboli & Gonzalez-Garcia 2108.04828
Anisha, Bakshi, Banerjee, Biekdtter, Chakrabortty, Patra, Spannowsky 2111.05876
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Contribution of operators on different observables

A . Leading order contributions
0,=0,+) —C,.
NP SM A2 1
i Linearin—
A2

EWPO

Using input parameter scheme {a, G, M}, tree level contributions are calculated.

4 G )
5GF — A—g <2V2C13ﬂ — VZC”),

2a 8W8YV2 Chwa
o = , —|— 2.2
(g% +83) A2 i

2 1/4
1 m; Cyp 277 mamy Cyyp

2 _
o7 W2 Gr A G A
_ y,
Hw'D Couplings of pair of fermions /
QM (8D 1) Gy i) . ,
0@ | (ater D om) Gririn with gauge bosons are modified ANNNN
Qe (#'iD L H) (@rv*en) \
Q4 (HU%),JQ (@Ly*ar )
Q%) (HTiTI(ﬁuH) (qem'y"qr)
Qrra (13D 1) (ry*un ) Assuming flavour independence
e (HD ) (dnr*dr ) Brivio & Trott 1706.08945

6 Dawson & Giardino 1909.02000
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Dim-6 operators affecting Higgs Production and decays

ATLAS-CONF-2020-053

Higgs Production channels at leading order
« Higgs coupling with gauge bosons

g
8 Ouc = (H'H) G, *G* = Cygvh GG
i i QHW — (HTH) WMUIWI,/W—) CHWVh W/AWU
""""" . Ouws = (H'T'H) W, 'B*
g Qus = (H'H) B, B"

Opp = (H'D,H)*(H'D'H)

W,Z
\ AM/.E \ ﬁmz « Higgs coupling with top pairs
/ W h / NN /i Q= (HTH) (G, I E) — Cyyv* ith

« Couplings of pair of fermions with gauge

bosons & wywW(Z)H new contact interactions

W, Z
___h
W, Z |
Q%) Q%) Qruy Qua
« Couplings of top pairs with gluons fzg
g a .
) I ) QIG - (E/LGIUDTIR)HG,Lwa
« For triple gluon couplings
g

QG — fabc Gpa,y Gﬂb,vac,p



Dim-6 operators affecting Higgs Production and decays

Higgs decay channels at leading order }
vl
h h B _h_ B
W(2)
y

Opy = (HTH)(C_]L br H)

= (H'H)(, 7, H
Ouws = (H'T'H) W,,'B* o ; P
HWB v O = (H'H)(l; up H)

Opw = (H'H) W, 'Wh

Ous = (H'H) B, B"

Brivio, Corbett & Trott 1906.06949

From these combinations of production and decay channels, p is given.

-
a(pp — h) BR (h —>f)
_ . |
o (pp — h) oy PR (h = f) 7, keeping terms linear in 2
Brivio 2012.11343 - 7
ATLAS-CONE-2020-053 Using SMEF Tsim, the theoretical predictions are obtained.

Fitmaker- Ellis, Madigan, Mimasu, Sanz & You, 2012.02779
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Dim-6 operators affecting DiHiggs

Atleading order gg — hh

B F o . g R g "'h
Tri-linear Higgs coupling get affected S
3 d
Oy = (H'H) - Cypp°h? | ~ ‘

Higgs gluon coupling get affected

QHG — (HTH) GﬂyaGa,,m/ — CHGVh GﬂaGa,y g%a% 7 h . o
— Cyh* G, “G™ “ o
g oo 8
g , T
Higgs coupling with top pairs get affected 999999 N |
Oy = (HTH>@L IR Ff) - CtHV2 tth )
g < h
Field redefinition of Higgs
Onpy = (H'H) I (H'H) g e

Buchalla, Capozi, Celis, Heinrich & Scyboz 1806.05162
9 Heinrich, Jones, Kerner & Scyboz 2006.16877
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Operators relevant to Diboson (WW/ WZ) process.

« For triple gauge couplings WW/ WZ production with leptonic decays
QW — GIJKWpl’ﬂWﬂJ’UWyK’p

Ouws = (H't'H) w,,'B"

« Couplings of pair of fermions with gauge

bosons pyV get affected /

o Due to input parameter scheme H?D
@ (B'iD W) Ty i)
Oup = (HTDMH)*(HTD”H) Q% (EYir"D W H) Fery i)
_ — QHe H'iD erv" er
Qll - (ZL}/'”ZL)(IL}/MIL) . QY. EHHD g((qL'y"‘qL ))
Q' (E'ir D WH) @'y )
e | (1B ) e )
Qra (H'i'D W) (dry"dn )

Baglio, Dawson & Homiller 1909.11576
10 Berthier, Bjgrn & Trott 1606.06693
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Relevant SMEFT dimension-6 operators

Di-boson

a8 Cur )
(~Di-Higgs EWPO N
(_CHD gch V| Caws Cup Cu )
Cir Cre Cgl) Cg)z)
LCHG k ) CS; CS()J CHu CHd J
CTH C,uH
Cor  Com - J
CtG CG CHB CHW
\ single Higgs J

Anisha, Bakshi, Banerjee, Biekdtter, Chakrabortty, Patra, Spannowsky 2111.05876
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Data sets considered

LEP-1and 2 data
« EWPO
o Diboson data

LHC Run-l1and Il data

« Higgs signal strengths

« Simplified template cross-
sections

 Diboson production
distribution

« Di-Higgs signal strengths

277 measurements

Observables no. of measurements | 2020
Electroweak Precision Observables (EWPO)
Uz, 00 4, RY, A, A(SLD), AL 5, sin?0! z(Tev), 15 v
RO A., A%p, RY, Ay, A p, mw, T'w v
LEP-2 WW data 74 v
Higgs Data
ATLAS & CMS combination 20 v
7 and 8 TeV ATLAS & CMS combination pu(h — ) 1 v
Run-I data ATLAS pu(h — Z~) 1 v
pu(h — Z~) at 139 fb~1 1 v
13 TeV ATLAS plh = pop) at 139, {71 ! Y
Run-IT data pu(h — 77) at 139 fb~* 4
p(h — bb) in VBF and ttH at 139 fb~! 1+1
STXS Higgs combination 25 v
STXS h — vv/ZZ/bb at 139 fb~* 42
STXS h — WW in ggF, VBF at 139 fb~! 11
CMS combination at up to 137 fb™! 23 v
p(h — bb) in Vh at 35.9/41.5 fb~* 2
pu(h — WW) in ggF at 137 fb™* 1
13 TeV CMS pu(h — pp) at 137 b1 4
Run-II data w(h — 77 /WW) in tth at 137 fb™! 3
STXS h — WW at 137 tb~" in Vh 4
STXS h — 77 at 137 th™! 11
STXS h — vy at 137 fb~ ! 27
STXS h — ZZ at 137 tb™" 18
ATLAS WZ 13 TeV m}Y% at 36.1 fb™! 6 bins v
ATLAS Zjj 13 TeV Ag,; at 139 fb~! 12 bins v
ATLAS WW 13 TeV pi! at 36.1 fb~ ' 7 bins v
Di-Higgs signal strengths ATLAS & CMS 13 TeV data 6

bbbb , ,bbTT ,,bbyy
'uHH ) /’LHH ? /J“HH

12




Fitting Terminology

For parameter estimation, Bayesian framework is followed:
p(C|D) xpD|C)p(C).

Prior Probability distribution: Initial knowledge about the C. Uninformative priors are

used for WCs taken as to be uniform distributions with large range
o forWGCs {-10,10}.

Likelihood: Information about the theory and data. For Gaussian data:

o Oth(ﬁ))l sz_l (Oexp o Oth(ﬁ))] y

oo 1
Log Likelihood = — 5 2 (Oexp
Posterior: Probability distribution of parameters C given the data D.
Unnormalised posterior is sampled using MCMC using the Mathematica
package OptEx.

OptEx, S K Patra, under development
https://doi.org/10.5281/zenodo.3404311

Using this framework, fit is performed for 23 WCs treated as free and independent parameters.

13
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Individual & Global fit results

Anisha, Bakshi, Banerjee, Biekotter, Chakrabortty, Patra, Spannowsky 2111.05876

1-95.%- Credible Intervals------- - b
Individual Fits
B T e B s Trraaes S I
s o [ L R
&~ SRR | R | A | DR | L AR N LR | D
~
<
B e | e o L P RRRECEECEPPEEPPEE TTPPEPPREPREPPIREPETPPERRE | REEPEE PN BB
— 2020 Data
Y e [ e i T e I T
—— This Analysi .
,,,,,,,,,,,,, ™) Ewpo || Bosomic | Yukawa |
Y\@b GQ@ oY C\;\\Q‘\ @‘6\ OQ& Cj\\‘e‘o‘ 6\‘3‘0‘ GQ& OQ& O‘(\ C)‘e‘o 0‘66 *2§ OQS) O«ﬂ GG C)\‘g‘ G(‘(\ Oo*(\ Ogs O@» G\G
CJ Q \, Q\’ \Q Q-\
0.6
- 95% Credible Intervals
. Global Fits
T S SR E T RRtt EETTIIEEEEITEEPRRIIOPREES EEPERIRRPN SISERRE
L Il i T T T A
S I
S o | |
Q 0_0_ 1l . | || ! I ! | | |= I |! I I |
&~ ol ‘I |I | | | T Il ! |
= :
Q 02 -+ | . R R R R
04 | — 2020Data | | L
7 —— This Analysis .
0el | | y EWPO Bosonic Yukawa
| o™ OV gy S oY R S o o 0% g o o o oY (00 of (O o o (oY (0°
o Q'\O oY ¢ O & ngs\Q \QO oY 0O Q.Q\ QY7 © . Q-Q\ 3
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** Model dependent analysis using SMEFT

Dawson, Homiller & Lane 2007.01296

Ellis, Madigan, Mimasu, Murphy, Sanz & You 2012.02779

Brivio, Bruggiser, Geoffray, Killian, Kramer 2108.01094

Bakshi, Chakrabortty, (Englert), Spannowsky, (Stylianou) (2009.13394), 2012.03839

Anisha, Bakshi, Banerjee, Biekdtter, Chakrabortty, Patra, Spannowsky 2111.05876
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Top-Down Approach Bottom-Up Approach

[ BSM (with heavy particles) ] AN [ High energy theory (NP unknown)
[ A
Matching by
- - Model
ntegrating out Model Dependent 4 \
heavy particle Independent SMEFT
J (59 Dim-6 Operators)
s B ) ’
SMEFT
(subset of dim-6 operators and their
corresponding WCs in terms of BSM Low energy theory
(known)

k parameters ) j

16



*¢* Connecting Bottom-up approach with Top-down approach

Model
( BSM theory (UV )J independent

\ 4
Matching
using [ Observables
CoDEx
( SMEET

Model dependent

mapped WCs

related to BSM

parameters
CoDEXx- Bakshi, Chakrabortty & Patra 1808.04403 17

N

\_

Global fit of
23 WCs

\_

Constraints
on BSM
parameters

~

J

-

Constraints

on BSM

kmat(:hed WCs J

~N

Anisha, Bakshi, Banerjee, Biekdtter, Chakrabortty, Patra, Spannowsky, 2111.05876

Bayesian analysis

using OptEx

OptEx, SKPatra

https://doi.org/10.5281/zenodo0.3404311

-

Comparisonon

constraints on
the WCs

~
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SM extended with Extra Scalar Doublet 7,(1,2, — 1/2)

1 Ay =502 2\ T T
3%35|9ﬂ%2|2—m;/2|%2|2— 42|%2|4—(nH H\|"+ny |, ) H %+ X H)

A | H PN TP = o | T = g | (H 007 + (0

—{Y;;iz‘L T yex+ YOG, Irup+ YOG, T g+ h.c. } .
* Mgy isthe mass of the heavy scalar doublet taken to be cut-off A.

o Afterintegrating out this doublet at one loop using CoDEX, the WCs are
generated in terms of model parameters.

o Forsimplification, assumed Z, symmetryi.e #, — — # 5 and the number of

parameters are reduced.

https://github.com/effExTeam/Precision-Observables-and-Higgs-Signals-Effective-passageto-select-BSM
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SMEFT Matching results

Dim-6 Ops. Wilson coefficients
2 SM 2 SM
0 Ao ,2Yd Miy,3Yd . . .
dH 192772%2“2 487r2mg{2 Dim-6 Ops. Wilson coefficients
2 SM 2 SM
>‘?—L2,2Ye >‘H2,3Ye 1 4
Qen SI) + 5 92 A% -
1927 m,}S_L2 487 m,}_é%v[ Hl 38407r2m7_£2
2 M 2
>\’H2,2Yu >\’H2,3Yu (1) 4
QuH 1927m2m?2 + 48m2m?2 QH - ng 2
}SL’Q 7.(2 q 115207 TI’LH2
3 M 2 2
Ao, 1 M AMig,2 Mg, 1MHo 2 !
Qu — et s — A5 (QHd e
2 2
48T m,H22 967erm;{2 327r3 m,H2 57607 m’HQ
- 2,2 2 2 - 2, 2 H —Y
32m m,H2 , 24T m,H2 92671' TrL,H2 € 19207T2m7_£2
Mg 1My 3 M2 M, 3 0 g
2.2 2.2 —
sm2mi 8m2my, Hu 2880m2m7,
4 A2 4
QHD o ggV 2 - ?;2,21 (3) —g—W2
2
7680 m,H2 967r2m’H2 Hl 19207 m3,,
. >‘H2,1>‘H2,2 >\7‘L2 ,3 (3) 94
+ . W
96m2m2 48m2m?2 QHq 192072m2
Ho Ho Ho
4 A2 22
Iy Ho,2 Ha,3 93
QHD - - + __9w
192071’27n%_t2 9671'27n3_£2 247‘[‘2?’)1%_[2 QW 57607r2m%{2
2 2
g A g A 4 4
Qus 3831;2?;22,1 76}8/71”27;,2272 Qu - g‘g 7 gg p)
Ho Ho 768071 mi, 76807 mi,
2 2
Onw IW A Ho,1 IW A Ho,2
38472m?2 768m2m?2
QHWB IW IY 2Hp.2
2.2
3847 m,H2

18 operators contribute in model dependent analysis

CoDEx SMEFT Matching Result
Bakshi, Chakrabortty & Patra 1808.044035
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Dim-6 Ops. | Wilson coefficients
Q(l) 9y
ud 43207r2m,2H2
Q(S) o Iw
lq 3840m2m7
(3) 9w
a9 76807‘(‘2771,2’,{2
g4
o Y
Qad 1728072 m7,
g4
o Y
Qed 28807w2m3,
g4
. Y
Qee 1920772m,2H2
4
9y
2
Qeu 14407r27n?_t2
94
o Y
Quu 4320m2m3,
4
g
Qlu }2/ )
288072 m2,
4
Q —
qe 5760m2m?2,
94
o Y
Qud 5760m2m3,
(1) B gy
aq 6912072m3,
g4
o Y
Que 192072m3,
Q<1) gy .
qd 172807r27n?_t2
(1) o gy
qu 864:O7r27nr2’,_t2
Q(l) gy .
lg 115207r27nH2
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Constraints on the model parameters - 2D posteriors

10

« 3 model parameters

20 ¢

« Uniform distributions of

20-

10 -

0

range {-50,50}. § o=
. Effects on different o
datasets. [ SR I N
—40" -20}
40 20 0 20 40 —40 —20 0
1761 176J
[ ‘ 20
im: EWPO Data |
;TL:T;:; 10+
im: Higgs Data
| : A/l Data
o -10
-20
Anisha, Bakshi, Banerjee, Biekbtter, Chakrabortty, Patra, Spannowsky, 40 —20 0 20 40
2111.05876 Az,
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BSM dependent WC space

Using the samples of points generated for Ay |, Ay o, Ay 3, the distributions for the 9 WCs are
obtained. These correspond to the bounds from the model information.

Dim-6 Ops.

Wilson coefficients

QaH

2 SM 2
Ao ,2Yd Ao,

2.2 2,2
1927 ’rn,H2 487 7”n,H2

SM
3Yg

QeH

2 SM 2 SM
Mg ,2Ye N 2y, ,8Ye

2.2 2.,2
1927 m,H2 487 77’L,H2

QuH

2 SM 2 SM
TP & N TP &

2.2 2,2
1927 m,H2 48T TrL,H2

QH

3 SM 5 2 5)
A3o,1 n MH AMo,2 Mg, 1M g2

- 2.2 2.2 2
487 m,H2 967 m,H2 3214 m
2 SM, 2
Mo, 1My ,2 YH Mg 3
- 2. 2 2.2
32 ”rn,H2 247 m,H2

2 2

2.,2 2.,2
87 m,H2 87 m,H2

2
Ho
3
>\7'[2,2
2,2
967 m,H2

QHD

9y

- 2 2
76807 mH2

2
AHQ,I
2.2
96 m,H2

2
_>"H2,1>"H2,2 A"7'-12,3

2.,,2 + 2.2
967 m,HQ 487 m,H2

QHD

2
>\’H2 ,3
2.,,2
247 WL,H2

2
9;1/ >\7-L2,2

2.,2 - 2.,2
19207 TrL,H2 967 m,H2

QHB

2
9y >‘H2 ,2
7687r2m,2H

2
gYAHQ,l
2.2
384 m,H2

QHEW

2 2
gW>‘7-L2,1 9W>"H2,2

2.,2 2.,2
384 TrL,H2 T687 WL,H2

QuwWB

IW IY AH 5,2

2.2
3847 ”m,,H2

0.002

0.001

)
T 0.000
Q

-0.001

-0.002
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0
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—400 -200
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BSM dependent WC space

Using the samples of points generated for Ay |, A5 5, g 3, the distributions for the WCs are

obtained. These correspond to the bounds from the model information.

Dim-6 Ops.

Wilson coefficients

QaH

5 SM 5 SM
Ao,2Yd n Ao,3Yd

2,2 2.2
1927 m,,H2 487 m,,H2

QeH

2 SM 2
A Y A
Ho,2 €
2

2,2
1927 m,H2

QuH

2 SM 2
’\7—[2,2Yu A
2.2

1927 7n,H2

QH

ASM 4 2 A2

)\3
Ho,1l H Ho,2

2., 2 2.2 2.2
487 mH 967 WL,H2 32w TrL,H2

QuO

- 2. 2 - 2.2
76807 'rn,’,_t2 967 m,H2

. >‘7‘L2,1>"H2,2 _|_

2,2
967 Tn,H2 ey

QubD

2
Q%/ >\7'L2,2 _|_

2.2 - 2.2 2.2
19207 Tn,H2 96 m,H2 247 WL,H2

QHEB

2
9y A’HQ ,2
2.0, 2
768 m,H2

2
9y >‘H2,1
2.0, 2
384 TrL,H2

QW

2
Iw AHQ ,2
2.0, 2
7687 m,H2

2
gWAHQ,l
2., 2
384 “rn,H2

_I_

QHWB

IW IY AHo,2

2,,2
384w m,H2
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Effect of RGE on model dependent analysis

(Alonso),Jenkins, Manohar & Trott
RG running 1308.2627,1310.4838, (1312.2014)

51 SMEFT operators

57 SMEFT operators

« With assumptions of Z, symmetry, 18 operators contribute in 3 model parameter constraints.

« Modification in matching expressions lead to relaxed BSM parameter bounds.

» With increase in mg, , the model parameter spaces are becoming more relaxed.

sy, et 1 e o (e )
& with RGE 40 {8, With RGE
10l [8: /0 RGE [8] 710 RGE
| ol
5 ,
¥ o - ¥ 0
sl
[ -20 Q
-10
All Data —40; |
-5 All Data
30 20  -10 ﬂo 10 20 30 s ) R
F,
2,1 /17_/21
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Model dependent WCs spaces

o Similar behaviour is observed for the model generated WCs.
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Conclusions

** Constraints on WCs obtained using the bottom up approach of SMEFT,
e* Connecting bottom up approach with top down approach.

« Bounds on BSM parameters.

« Model dependent WCs Parameter spaces are more constrained as

compared to those obtained when WCs are treated free.
Future Prospects
*3* Aim to include top sector data and flavour observables in the global fit.
o3* Studying the effects of dim-6 squared and dim-8 contributions.
*3* Include observables which can affect four-fermi operators.

*3* Build a framework to compare BSM theories using the matching results.
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Constraining effects of different datasets
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w- [ CoDEx : Wilson coefficient calculator J

Complete 1-loop Wilson coefficients within seconds !

Manually matching BSMs to SMEFT is involved.
Package for automization is much needed.

CoDEXx: Wilson coefficient calculator connecting SMEFT

to UV theory [Tree processes )7

SDB, J Chakrabortty, S K Patra

Eur.Phys.J.C 79 (2019) 1, 21 * e-Print: 1808.04403 . .
y ( ) Wilson coefficient

calculation 1-loop
processes

| CoDEx

|

RG running of Low scale
Wilson coefficients Wilson coefficients

https://effexteam.qgithub.io/CoDEXx/
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CoDEx: Extra Scalar Doubletj

Heavy field properties
{Name, Color, Isospin, Hypercharge, Spin, Mass}

2

list = { hf, -1/2, 0, mH2)

4

]

Heavy field representation

@ = defineHeavyFields[ list ]

BSM Lagrangian
)\ - ~ ~
Ly, = Lsa + [DyHal — miy, [Hal” — %Wzﬁ — (na | H? + 34, [Ho|?) (H Ho + HLH)

— Mo 1 [H P Hal? = Ay 2

H'Ho? — Mo |(HVHo)? + (HLH ]

o~ B D~
~ VT Hoen + Vi a, Hown + V)3, Hodp + e |
AH2 :
LH2 = - —— (dag[e].¢)* - (nHdag[Ht].Ht + nH2dag[e].¢) (dag[Ht] . + dag[e].Ht)

-2AH21 (dag[Ht] .Ht) * (dag[¢].9) - AH22 (dag[Ht].¢) » (dag[e].Ht) - AH23 ((dag[Ht] o)+ (dag[e] .Ht)z)

-yH2e ((lepb[1][[1]] *t[[1]] + lepb[1][[2]] *et[[2]]).eR[1]

+eRb[1]. (hermitianConjugate[ptilde[[1]]] * lep[1][[1]] + hermitianConjugate[ptilde[[2]]] * lep[1][[2]1]))
+yH2u ((qdubb[1, 1][[1]] *¢[[1]] +qdubb[1, 1]J[[2]] *¢[[2]]).uR[1, 1]

+URb[1, 1]. (hermitianConjugate[¢[[1]]] *qdub[1, 1][[1]] + hermitianConjugate[¢[[2]]] *qdub[1l, 1]1[[2]]))
+yH2d ((qdubb[1, 1][[1]] #et[[1]] +qdubb[1, 1][[2]] *et[[2]]).dR[1, 1]

+dRb[1, 1]. (hermitianConjugate[opt[[1]]] *qdub[1, 1][[1]] + hermitianConjugate[¢pt[[2]]] *qdub[1, 1]1[[2]]))
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In[4]:

operBasis —> “Warsaw"” ]

Tree-level Wilson coefficients

codexOutput[ LH2, list, model —> "2HDM", outRange —> “Tree”,

QH

(H'H)?

nH?
mH22

Qe

(H'H)(T e H)+h.c.

nH yH2e
mH2?2

Qun

(H'H)(g u H)+h.c.

nH yH2u
mH2?2

QdH

(H'H)(@d H)+h.c.

— pHyH2d
mH22

Qle

( Yu(€yue€)

_ yH2e?
4 mH22

Qqu(])

@v* )@y, u)

yH2u?
4 mH2?

qu(l)

(@yua)(dy,d)

yH2d?
4 mH2?2

Qledq

(I’ e)(d g,)+h.c.

yH2d yH2e
2 mH2?

Matching scale = mass of heavy field = mH2

Qquqd“)

(g’ wei(g* d)+h.c.

__yH2d yH2u

2 mH22

Qlequ“)

(7j e)ei(g* u)+h.c.

yH2e yH2u
2 mH2?

J



1-loop level Wilson coefficients
In[5]: initializeLoop[ “"2HDM" , list]

In[6]: codexOutput[ LH2, list, model —> “2HDM", outRange —> “Loop”, operBasis —>
“"Warsaw" ]

Out[6]:

Matching scale = heavy field mass

*1-loop processes involving
only heavy propagators in the loop.

RGFlow of the Wilson coefficients

In[7]: RGFlow[ Wilson coefficients, mH2, p]

Out(7]:




SMEFT Matching results

Dim-6 Ops. Wilson coefficients . . .
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BSM scenarios considered

BSM field | Spin SM quantum numbers Mass
SU@B). | SU(2), | U),
S 0 1 1 0 mgs
A 0 1 0 ma
S 0 1 1 1 ms,
So 0 1 1 2 ms,
Aq 0 1 3 1 ma,
Ho 0 1 2 —2 My
by 0 1 4 o M,
©1 0 3 1 —% M,
©2 0 3 1 —3 My
SH 0 3 2 - me,
O- 0 3 2 & me.,
Q 0 3 3 —1 meo
X, 0 6 3 & My,
Xy 0 6 1 5 My,
X 0 6 1 —2 My,
X, 0 6 1 L My,

CoDEXx- Bakshi, Chakrabortty & Patra 1808.04403

https://qithub.com/effExTeam/Precision-Observables-and-Higgs-Signals-Effective-passageto-select-BSM
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Fit results of Model independent analysis

Correlations
WCs
Cuws Cup Cu Cg; CS; Cre Cgl CS()] Cua Cuu Cn Cyo Cuc Caw Cup Cw Co Cum Crm Cu Con Cin Cio

Chwp| 1

Chp | 098 1

¢, | -003 006 1

el | 096 098 0.2 1

¢l 009 024 031 017 1

Cpyo | 098 -1.00 -007 098 024 1

Ciy) | 041 034 013 031 020 035 1

Ciy) | 024 013 002 013 054 013 0.06 1

Cpy | 001 002 -005 -0.02 -0.08 -0.02 0.37 0.09 1

Cpyy | 031 025 015 -0.22 0.16 -0.25 059 -029 026 1

Cr | <010 0.09 -0.02 -0.09 0.01 -0.10 0.08 -0.01 0.03 0.12 1

Chyoy | 060 058 -003 -056 0 -0.58 043 -0.02 0.12 055 023 1

Che | 007 005 002 0.04 -0.13 0.05 -0.06 -0.13 -0.03 -0.10 -0.28 -0.12 1

Chpyy | 088 -0.85 -0.02 0.83 002 0.85 -0.38 -0.24 -0.03 -0.33 -0.11 -0.62 0.07 1

Crp | 087 -086-003 085 0.14 086 -0.35 -0.13 0 -026 -0.09 -054 0.07 053 1

Cyy | 015 -0.15 002 014 007 015 -0.02 -0.03 0.0 0 -001 -007 0 012 013 1

Ce | 005 006 0 -006-004-006 0.03 0.03 0 003 001 002 -0.11 -0.03 -0.07 -0.01 1

Coy | 0 0 001 0 0 0 00l 002000 002000002 0 0 0 0 004 1

Cy | 0 0 001 0 -00I 0 003-0.05001 005 -0.04 001 -0.16 001 001 0 005 007 1

Cppy | 004 -011-005 0.11 0.37 0.1 0.01 035 003 009 001 0.05 -040 0.07 0 002 -0.01 005 028 1

C.p | 051 -048 0.04 045 -0.08 048 -0.37 -0.06 -0.12 -051 -0.22 -0.95 0.15 052 048 006 0 0 008 -0.15 1

Cpy | 021 022 0 -0.21 -0.07 -022 0.15 -0.08 0.03 0.15 -0.19 0.21 037 -0.24 -0.14 -0.03 -0.39 -0.02 0.09 -0.01 -0.08 1
Coy | -0.04 002 -0.01 002 0.11 -0.02 0.04 0.10 0.02 0.08 0.16 0.09 -0.78 -0.06 -0.03 0 -0.17 -0.05 0.05 0.27 -0.12 0.14 1

WCs | 95% CI Individual limits | 95% CI Global limits
Chwn [—0.0035, 0.0028] [—0.19,0.15]
Cup [—0.022, 0.0042] [—0.40, 0.39]
c, [—0.006, 0.016] [—0.10, 0.00]
ctl) [—0.005, 0.012] [—0.08,0.12]
ct?) [—0.010, 0.003] [—0.054, 0.063]
Core [—0.013, 0.008] [—0.20, 0.19]
cy) [—0.023, 0.047] [—0.057, 0.096]
cs) [—0.008, 0.016] [—0.033, 0.063]
Chr [—0.15, 0.04] [—0.29,0.11]
Chr [—0.056, 0.081] [—0.13, 0.25]
Ch [—9.6,6.9] [—11.,7.0]
Cory [—0.96, —0.13] [—1.6, 5.6]
Coe [—0.0038, —0.0002] [—0.013, 0.010]
Comw [—0.010, 0.005] [—0.28,0.12]
Cun [—0.0031,0.0016] [—0.050, 0.061]
Cw [—0.17, 0.34] [—0.18, 0.33]
Ce [—0.8,1.2] [—1.1,1.3]
Com [—0.0042, 0.0027] [—0.0045, 0.0025]
C_. [—0.0040, 0.028] [—0.009, 0.029]
Coiy [—0.036, 0.004] [—0.029, 0.069]
C.. [—0.15, —0.01] [—1.1,0.20]
C, 0.02,1.2] [—2.6,2.6]
C,c. [—0.11, —0.01] [—0.28,0.21]

4 23 WCs treated as free and
independent parameters.
3 4 A=1TeV




DiHiggs measurements

channel ATLAS CMS

bbbb —12.74+12.8 —-3.943.8
T +9.9

bb~y~y —6.3" ¢ 2.5E£26

bbrT —4.1+ 8.4 —54+ 15
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Running of WCs

(Alonso),Jenkins, Manohar & Trott
1308.2627,1310.4838, (1312.2014)

[ BSM (with heavy particles) ] A

( ) L.eading order solution
Matching by
integrating out [Model Dependent] c(m,) = c(A) — Z 7 ¢i(A) log —
heavy particle = 1672 my
\ J /
g SMEFT A 37SMEFT  ROrumning S QMEFT
(subset of dim-6 operators and their m, operators S operators
corresponding WCs in terms of BSM

K parameters ) j
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