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Expenmental status of NP searches

Overview of CMS EXO results
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Status of New physics (NP) searches: scale gap

Scale gap between the NP and the EW scale

Masses of unknown NP

New Physics Scale

particles
Mass gap
Energy Scale Electroweak Scale Mass of Z-Boson, Higgs
(~ 100 GeV) Boson...
Mass gap
Low Energy Quark & Lepton
Scales (~ few GeV) Masses

The mass gap allows us to construct an Effective field theory
(EFT) which can represent the effects of NP in a model
independent fashion!
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Modern Effective Field Theories (WET/SMEFT..)

Fermi theory: an EFT for the SM

Muon-decay

H—e +i,+vy,

Fermi-theory (1933): )
W-boson discovery (1983)
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Effective Field Theories for NP

@ Given the present situation one can construct EFTs for
parameterizing the NP effects in a model independent fashion.
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Effective Field Theories for NP

@ Given the present situation one can construct EFTs for
parameterizing the NP effects in a model independent fashion.

@ In this regard, the EFTs such as LEFT, SMEFT, vSMEFT, HEFT

have become quite popular and have become standard testing
grounds for the physics beyond the Standard Model:

L= Lsm(d =4)+ Leg(d > 4)

Leg(d > 4) = Z CQ+ h.c.
d=5.6,.
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Modern Effective Field Theories (WET/SMEFT..)

WET: a generalized Fermi Theory

@ It's a general version of Fermi theory to parameterize the low energy
observables such as the muon decay.
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Modern Effective Field Theories (WET/SMEFT..)

WET: a generalized Fermi Theory

@ It's a general version of Fermi theory to parameterize the low energy
observables such as the muon decay.

@ It's an EFT for which the full theory can be the SM or SMEFT after
integrating out the W/Z/Higgs and top quark.

e Power counting parameter § = p?/m3,.

@ From last several decades WET has been used to parameterize and
test the SM effects for low-energy processes such as flavour violating
transitions, lepton flavour violating decays etc.
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Modern Effective Field Theories (WET/SMEFT..)

WET Lagrangian

HEwW
(]
3 SUB3), ® U(1) !
] c em — @I y)@TLw)
miy
Hiow

Field Content:

Quarks U, dp, ug,dg Leptons €L, €r YL Photon £, Gluons G

Symmetries: SUG3). ® U(1),

2
[Jenkins, Manohar, Stoffer 2017]

Power counting: ——
my
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Modern Effective Field Theories (WE

Four-fermion operators in WET

(ZTL)(BRR)

(ZR)(LR) + h.c.

(TL)(TL)
oyrr (ZLpY*vLr)(PLsyuved)
() (eLpy*eLr)(eLsyuert)
oYL (Prpy*ver)(Ersyuert)
oyt (PLpy*ver)(GrsYpur:)
OLFY | Prevtvrs)(drsyudr)
orrr (eLpv*err)(GrLsyuure)
() (eLpv*err)(dLsvYudLe)
OVLE | (Prpy ers)(drsvyuure) + hec.
[ (@rpy*urr)(Grsyuure)
o (drpy*drr)(drsyudre)
oyprE (@rpy*ur,)(drsyudre)
OLP @ Lpy T Aurs ) (drsvuTAdLe)

(RR)(RR)
orrr (erpy*err)(ErsTuert)
orre (Erpr*err)(TrsYuURe)
o (Erpy*err)(drsYpudnt)
o (@rpy*urr) (GRsYutRe)
oL | (drev*drr) (AreviudRe)
oyrr (@rpY*ur:)(dRsYudRe)
O3 | (@ rp T A urr) (AR T4 dree)
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OV:LR
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o
orpen
oy
oLz
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oy
oy
oysn
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VLR
O

(ZLpv*vLr)(ERsYuert)
(eLpy*err)(Ersyuere)
(Prpvver) (GrsYutre)
@Lpy*ver) (drsYudre)
(ezpr*err)(BrsYutre)
(eLpyer,)(drsvudre)
(@Lpv*urs)(ERrsTuere)
(drpv*drr)(Ersypert)
(Zrpy*err)(drsYuure) + h.c.
(rp v urr)(UrsYutre)
(@Lpy*TAur,) (R T ure)
(@Lpy*urLr)(drsyudre)
(@Lp YT ury)(drsv, T dre)
(drpv*drr)(BRs Yt Re)
(dLpy*TAdL,) (@R YT ure)
(drpy*drr)(drsYudre)
(AL T Ad L) (dre v T dre)
(@rpy*dr,)(drsYuurs) + h.c.
(@rpy*TAdr,)(drs YT ure) + hec.
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(eLperr)(eLsere)
(érperr)(BLsuRre)
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(eLperr)(drsdre)
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(Zrperr)(dLsure)
(DLpo* err) (ALsTure)
(Grpurr)(Brsunre)
(arpT*ury)(@rT ur)
(urpurr)(drsdre)
(aLp T ur,)(drsT*dRe)
11pdrr)(drsdre
(drpdrr)(drsdrt)
(dLpT*drr)(drsT*dr:)
rpdrr)(drsure
(@rpdrr)(d )

(aLpT?dr:)(dLsT ur:)

(CR)(RL) + h.c.

S, RL
Oz

S, RL
Ocd

S, RL
Olidu
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SMEFT

@ A model independent framework to parameterize the NP effects
above the EW scale.
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Modern Effective Field Theories (WET/SMEFT..)

SMEFT

@ A model independent framework to parameterize the NP effects
above the EW scale.

@ An EFT constructed by integrating out the heavy NP particles for
which the full theory can be UV completion which is currently
unknown!

o Power counting parameter § = p?/A?, where A > a few TeV.

@ SMEFT has become quite popular in last couple of years and has
been used to parameterize and test the NP effects for low-energy
processes such as flavour violating transitions, lepton flavour violating
decays etc.
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SMEFT Lagrangian

SUG), ® SUQ), ® Uy

Scale

Field Content:

Quarks g = (u;,d)7, ug, dy Leptons £ = (1, ¢,)7, ex

Gauge fields: B,,, W,,,

Symmetries: SUQ3). ® SU22);, ® U()y

Jacky Kumar (Technical University Munich) Physics Beyond the SM(EFT)
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G,, Higgs doublet: H = (H*, H%T
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Four-fermion operators in SMEFT

(LL)(LL) (RR)(RR) (LL)(RR)
Qu Torvpulr) (Ty*ls) Qee (&pyuer)(esv™er) Qe Tpyulr) (Bsver)

i) (@0 (@7 ar) Quu (@ Yper) (Tsy e Qu G vpude) (TsyHur)
QY | @vum'a) (@ ) || Qua (dpyudr)(dsyHdy) Qua Tpyule) (dsy™dy)
QY (Gyule) (@7 ar) Qeu (Epuer) (Tsv ur) Qqe (@ 7nar) (7" er)
QY | Grwr'l)(@"m'a) || Qea (Epvuer) (dsyde) 1 (T V) @y uae)

) (Bpyuttr) (dsydle) W | @ T ) @y TAu,)
QY | @ T 4w, ) (dev T Ady) || QS (@ V) (dsytdy)
QY | @uT"q.)(deyT dy)
(LR)(RL) and (LR)(LR) B-violating
Qiedq (Fe.)(dsal) Qaug e*Preg [(dp)TCuf] [(g2)TClE]
Qba | @ur)esn(@rdy) Qaau e [(gp?)TCaf*] [(u)TCel
Quna | (@T*u)en(@Tde) || Qaaq e*ejnekm [(a579)TCaf*] [(arm)TCIy)
Qfera (Ber)en(@hue) Quun 287 [(d2)TCuf] [(u)T Cer
QY | Boue)em(@or ur)

Table 3: Four-fermion operators.
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Modern Effective Field Theories (WET/SMEFT..)

SMEFT Strategy
UV Completion
L(z;)
Scale Model
matching
n=A SMEFT

n= /lc+w

= flow
E

= How

Jacky Kumar (Technical University Munich)

Lsar + l;, w=Ci(p) O;

SMEFT
matching

WET
Lsar + IZ_:(. ,\chz(/‘) 0;

WET

7
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SU3), ® SUQ), ® U(l)y

EWPT, H-decays etc.

SUB3) @ UD)ery

Weak Effective Theory (WET)

AF =1,2, 7 & p-decays etc
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Outline

© Beyond SMEFT
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Beyond SMEFT

Due to a larger symmetry group, SMEFT [SU(2). x U(1)y] puts certain
restrictions on the LEFT [U(1)q].

@ Some of the LEFT operators can not be generated from SMEFT at
the leading order.

@ SMEFT impose relations between the LEFT Wilson coefficients.

The implications of these restrictions on the low-energy phenomenology
can shed some light on the physics beyond the SMEFT framework!
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Non-SMEFT operators

The LEFT operators absent in SMEFT at the leading order.

Oég&RR = (eP, Re)(JP =) Symmetries
Electric charge: +1 -1 +1/3 -1/3=0 U(l),
YeL=—1, YeR=_2’ YdL=+1/3’ YdR=_2/3 UQ)y x

Hypercharge: +1 -2 -1/3 -2/3 =-2 #0!

Q=T,+Y2 SUQ), x

@ Such Hypercharge(isospin) violating operators can be termed as
non-SMEFT operators.
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Complete list of non-SMEFT operators

There are 10 such operators in LEFT (suppressing flavour structure).

Ol)/e;f : (ULp'Y'ueLr)(aRs'y,uURt) + h.c

Q| :\

Oi}’RR : Lpd )(HLSth)

de T dRr)(dLs T th)

Oes [ (€Lperr)(dLsdre)
O;,RR : (éLpUW’eRr)(HLsUuuth)
02" (eLperr)(ELsert)
OL\lf:f](-jlfR : ( p’y'udLr)(dRs’Y,uuRt) + h.c
OL%LSR : (UL ’Y‘LLT dLr)(dRs'V,uT URt) + h.c
OSLRR : ( uRr)(uLsuRt)
OsFFR - (G TAup,)(Trs T uge)
(
(d

S8,RR .
OSBRR .
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Generating such operators within SMEFT

V.LR _ (5 7 ]
Ovedu - (VVMP e)(dy" Pru) Symmetries
Electric charge: -1 +1/3 +2/3=0 U)o
Y,,L =-1, YeL =—1, YdR = —2/3, YuR = +4/3 U(l)y x

Hypercharge: +1 -1 +2/3 +4/3 =2 #O0!

o=r,+v2 sv@, X

Uy

L
W dr
45 UR
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Generating dgvy,ugr W vertex

SMEFT [0l = @i D, §) (@, v* d)

Electroweak symmetry breaking

(’5:%(%?};)

UR

Jacky Kumar (Technical University Munich) Physics Beyond the SM(EFT)
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Restrictions imposed by SMEFT

The W-boson couples universally to all three lepton generations:

Ve

t W dp

/5 UR

@er, P 1€)(dy*Pru) = Wy,P 1)y Pru) = @y P 10 (dy* Pri)

In SMEFT Ob‘;?f is lepton flavour universal!
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Beyond SMEFT

Is there a way to get a non-universal contribution to
(77, PLC)(Cy*Prb) within the SMEFT?
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Beyond SMEFT

Is there a way to get a non-universal contribution to
(77, PLC)(Cy*Prb) within the SMEFT?

Yes, but at dimension-eight level.
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Beyond SMEFT

Dimension-8 SMEFT For the complete list [C. Murphy 2020]

C8 2 A g
—(¢dH)(H'ut)
A4

EW symmetry breaking + Fierz transformation generates:
(oy,Pre)(dy"Pgu)

2
v
V.LR o~

vedu A4 CS

But:

So, the non-SMEFT operators bear an extra suppression.
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Typical suppression within SMEFT

@ Assuming the NP scale to be O(5TeV).

vedu

o Using LEFT power counting CER ~ A5 ~4x 1072 TeV ™2,

o In SMEFT C/iF ~ ¥ ~ 1073 Tev 2.

vedu

So by experimentally extracting the value of cv one can know if a

Vedu !
non-SMEFT like NP is needed or not.
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Low energy phenomenology with non-SMEFT operators
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@ Low energy phenomenology with non-SMEFT operators
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Low energy phenomenology with non-SMEFT operators

b — ¢t observables

VLR . . _ o
e O, giveriseto b — cTi transitions.

b e
D, D*
9 al 9

Observables:

oy _ B(B — DMry) _
R(DW) = m,R(J/¢) =

B(B. — J/yTv)
B(B. — J/[vpuv)

I'(B — Di7v) r+i/2 _p-1/2

BB = v@ oDy P = rang o
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Low energy phenomenology with non-SMEFT operators

Fit to b — c7v data

Hess =

4G p CLL CLR
oLL _|Yv_ oL YV HLR
2 cb Oy Az OV Az YV
CE* o C§" . Cr
~ az O = 5 08" - 5 Or

Experimental measurements:

R(D) = 0.340 = 0.027 £ 0.013

R(D*) = 0.295 + 0.0

P(D*) = —0.38 0.
R(J/y) = 0.71 £0.17 £ 0.18

Fit results:

HFLAV Collaboration
11 £+ 0.008

51+021—0.16 Belle Collaboration

LHCDb Collaboration

A =5TeV
‘New-physics coeff. Best fit p value (%) puIISM‘
ctE —3.1+£0.7 51 4.1
CLE 2.8+1.2 0.3 2.3
(CHF, 0%y |(—3.0+£0.8,0.6 £1.2) 35 3.7

Jacky Kumar (Technical University Munich)
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Fit to b — c7v data

— b — cfp e

CHR(A)

FIG. 1: (Correlated) allowed values of C%% and CH® at 1o
(inner region) and 20 (outer region).

o Current data allows O(1) non-SMEFT like values for the Wilson
coefficients.

e In future, the angular distributions B — D*(— D7')7~(— 7 v, )vy
will allow us to perform more general fits with multiple Wilson
coefficients. [Bhattacharya, Datta, Kamali, London 2020]
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© Summary and conclusions
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Summary and conclusions

Summary and conclusions

The SM of particle physics seems to work pretty well. The LHC did
not find any BSM particles yet, indicating a scale gap between the
EW and NP scale.

As a result one can construct EFTs to parameterize the NP effects in
a model independent fashion. Modern EFTs: LEFT, SMEFT,
vSMEFT, HEFT.

The SMEFT puts certain restrictions on the structure of LEFT
operators.

There are total 10 non-SMEFT operators in LEFT. The SMEFT
predicts suppression of these Wilson coefficients since they can only
at the dimension-8 level.

One such non-SMEFT operators is (74, P ¢)(Ey*Prb). The current
data allows its size to be non-SMEFT like.

The measurement of angular distributions would allow us extract
simultaneously more than two Wilson coefficients.
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Summary and conclusions

Thanks for your attention.
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