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Indirect searches of New Physics

_ LHC strongly hints to the existence of a mass gap between the SM
Ca degrees of freedom and the (unknown) mass scale of new states.

+ N\ Precision measurements can allow to test New Physics
at scales not reachable by direct searches

Emz; <A

David Marzocca Beauty 2020



Indirect searches of New Physics

LHC strongly hints to the existence of a mass gap between the SM

Ca New degrees of freedom and the (unknown) mass scale of new states.
PeySICS
4 /\ Precision measurements can allow to test New Physics
,‘\ at scales not reachable by direct searches
_ Emz; <A
3
" Effective Field Theories allow to describe the low-energy
Al effects of heavy states — expansion in powers of 1/A
b - .
) (6; (8 .
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T M: g rorthis talk, we tocus on four-fermion semi-leptonic operators
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Semi-leptonic New Physics

1 | { v
Contact Ci (= N T _ _
iInteractions : lqi EC’)) H rx +) ]( Q/V q’%
1; J vV

Can be probed at both low and high energies

(semi-)leptonic AF=1 decays
(CC and NC)
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i_g EFT in the high-pT tails

Deviations In the tails of differential distributions

CFT

‘|‘> E

The EFT contribution to the scattering amplitude grows with energy,
compared with the SM.

C;; | C
%SH ) ((-. S
g >? MZ«, A ~ —— 1 ) ~ 4+ -% '/'\zﬁ\ NP enhancement in

M ><\/ high-pT talls
Less precise measurements at high energy can be
competitive with very precise ones at low energy.
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O,U EFT in the high-pT tails

Deviations In the tails of differential distributions

CFT

‘|‘>E
For the differential cross section we have, schematically:
alv A 2\« A 2 g : ~ § :
) = &, 1) b)) |4, i 4 6o % vl

VN

Quark luminosity (kinematics) SI\(/:I()Zu,p\l(i,n(;rS W N!:) opergtors NP operators
) L 227/, for CC interfering not interfering with
2/7 i with SM SM
(e.g. scalar, tensor,
— g flavor-violating)

David Marzocca Beauty 2020



EFT in the high-pT tails

With present accuracy, the limits are mainly driven by the quadratic terms. *

* see backup slides for implications regarding EFT validity.
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EFT in the high-pT tails

With present accuracy, the limits are mainly driven by the quadratic terms. *

* see backup slides for implications regarding EFT validity.

Neutral current | oatve _B_f( 8) ~ 'zm* i’m;
P deviation . i i
PP from SM s SR

Estimating the reach

A back-of-the-envelope estimate of the bound can
e obtained by the ratio of quark luminosities
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Limits on semi-leptonic operators

NP above the TeV scale should satisfy SM gauge invariance,
thus the correct EFT to describe it is the SM EFT

7 P O Operators interfering with SM:
Z 1 Dy  _ ™ G  — (T~ 0% Ma~rra®a.
ESMEFT p— —207’ (0 )az_— (_la’Y/,Ll )(Q’L’Y qz) (Olq )az - (la7u0 la)(‘]z’y o q'L)
TV ( qe)za = (EI’Y %)(eoﬁ' €a) _
'l: (Olu)az — ( a” )( 17 U, ) (Old)ai = (la7pl )(d_’yudz)
) (Oew)ai = (4 'm ea) (@7 %) | (Oed)ai = (EaVuea) (diy"'ds)
- — v
3 £ Cr = 326
: UK amaspeimnay b 0da 3
- 6 Vs = eV, 36.1 b —
" Diele::?r(-)rn \ée::rsc:\ fgelection 55?5085: rks =
10° ] Multi-Jet & W-+Jets 5
10'B —Z,(3TeV) E_
7, (4Tev) =
- Limits on flavor-conserving operators, recasting ATLAS 13TeV analysis: 10° E — Z, (5TeV)
[Greljo, D.M. 1704.09015] 10° z:
10~ E
- Limits including flavor-violation, recasting ATLAS Drell-Yan 8TeV analysis: 1; ]
[Les Houches 2002.12220 (Sec.2)] e i el T
10_; [ATLAS- CONF-2017-027] | 3
g1(1)0 500 300 7000 2000

Dielectron Invariant Mass [GeV]
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Limits on semileptonic operators

[Greljo, D.M. 1704.09015, Les Houches 2002.12220 (Sec.2)]

Limits in the Warsaw basis, shown here one operator at a time.
No sizeable correlations since different operators do not interfere

Ci

ATLAS 36.1 fb!

3000 fb~!

ATLAS 36.1 fb~!

3000 fb~!

1
C(QI)LI

3
C(Q I)Ll

CSRLI
C

SRER
CCRLI
C

CRER
CbLLl
CbLeR
Cppr!
CbReR

[-0.0, 1.75] x1073
[-8.92,-0.54] x10~*
[-0.19, 1.92] x1073
[0.15,2.06] x1073

[-0.40, 1.37] x1073
[-2.1, 1.04] x1073

[-2.55, 0.46] x1073
[-6.62, 4.36] <1073
[-8.24, 2.05] x1073
[-4.67, 6.34] x1073
[-7.4,5.9] x1073

[-8.17, 5.06] x1073
[-0.83, 1.13] x1072
[-0.67, 1.27] x1072
[-1.93,1.19] x1072
[-1.47,1.67] x1072
[-1.65, 1.49] x10~2
[-1.73, 1.40] x10~2
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[-1.01, 1.13] x10~*
[-3.99, 3.93] x107°
[-1.56, 1.92] x10~4
[-7.89, 8.23] <107
[-1.8,2.85] x10~*
[-7.59, 4.23] x10~4
[-3.37,2.59] x10~*
[-3.31, 1.92] x1073
[-8.87,7.90] x10~*
[-2.11,3.30] x1073
[-3.96, 2.8] x1073
[-3.82,2.13] x1073
[-3.74,5.77] x1073
[-2.59, 4.17] x1073
[-8.62, 4.82] x1073
[-7.29, 8.99] x 1073
[-8.86, 7.48] x1073
[-9.38, 6.63] x1073

1
C(Q 1) L2

3
C(Q 1) L2

C, o2
CMR UR
CQI MR
C, L2
Cap HR
Copps
Cs
CQ2 MR
C, o2
CSR UR
C. o2
CCR HR
G, L2
CbL HR
G, o2

Chr HR

[-5.73, 14.2] x10~4
[-7.11, 2.84] x10~4
[-0.84, 1.61] x1073
[-0.52, 1.36] <1073
[-0.82, 1.27] x10~3
[-2.13,1.61] x1073
[-2.31, 1.34] x1073
[-8.84,7.35] x10~3
[-9.75, 5.56] <1073
[-7.53, 8.67] x1073
[-1.04,0.93] x10~2
[-1.09, 0.87] x10~2
[-1.33, 1.52] x1072
[-1.21, 1.62] x10~2
[-2.61, 2.07] x10~2
[-2.28, 2.42] x1072
[-2.41,2.29] x10~2
[-2.47,2.23] x1072
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[-1.30, 1.51] x10~*
[-5.25, 5.25] x107>
[-2.00, 2.66] x10~4
[-1.04, 1.08] x10~*
[-2.25,4.10] x10~4
[-8.98,5.11] x10~#
[-4.89, 3.33] x10~*
[-3.83,2.39] x10~3
[-1.43,1.15] x1073
[-2.58, 3.73] x1073
[-4.42,3.33] x1073
[-4.67,2.73] x1073
[-4.58, 6.54] x1073
[-3.48, 6.32] x1073
[-11.1, 6.33] x1073
[-8.53, 10.0] x1073
[-9.90, 8.68] x 103
[-10.5, 7.97] x1073



Limits on semileptonic operators

[Greljo, D.M. 1704.09015, Les Houches 2002.12220 (Sec.2)]

Limits in the Warsaw basis, shown here one operator at a time.
No sizeable correlations since different operators do not interfere

\ o o ‘
| - - |
¢ | wasseint  ~ 103-102 precision now
C(Qﬂ)Ll [-0.0,1.75] x10~3 |
Colpr | 1:8.92,-0.54] x104 22 * 9y =1
Copt | [:0.19,1.92] x1073 C - £ — H s @ Tﬁ\/
Cuper [0.15,2.06] x1073 9 ~
Cole, | [-0.40,1.37] x1077
Cuarl [-2.1,1.04] x1077

Ciper [-2.55,0.46] x 1073

Coppt | [6.62,4.36] x10°3 .
Sl | 824,205 x10°3 a 5-10 -fold Improvement

Coep [-4.67,6.34] x1073 | _

Copl! [-7.4,5.9] x1073 o at HL LHC

Ciger [-8.17,5.06] x1073 | [-3.82,2.13] x1073 Copug | [-1.09,0.87] x1072 | [-4.67,2.73] x1073

Coput | 1083, LI3]x1072 | [-3.74,5.77] <107 Corz | [133,152]x1072 | [-4.58,6.54] x103

Coper | [10.67,1.27] x107% | [-2.59,4.17] X107 Copur | [-1:21,1.62] x1072 | [-3.48,6.32] x1073

Cppr | [-1.93,1.19] 1072 | [-8.62,4.82] x107° G2 | [261,2.07] 1072 | [-11.1,6.33] x1073

Corer | [-147,1.67] x1072 | [-7.29,8.99] x10~3 Coue | [-2.28,2.42] x1072 | [-8.53,10.0] x1077 V2
Cprt | [-1.65,1.49] x1072 | [-8.86,7.48] x1077 Cprz | [-241,229] x1072 | [-9.90,8.68] x 1073 C, = ey
Cogex | [-1.73,1.40] x1072 | [-9.38,6.63] x103 Chaue | [-247,2.23] x1072 | [-10.5,7.97] x1073
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Flavour In dimuon tails?
1

N - =AM
From b— suu transitions A2 (SLWbL)(’uLV ’uL)
B— Kuu: RKK™), Ps’, . bsp

08 05017 Gl ot a1 1908 poes hebenner oo ta0a 013, L\bsu ~ 34 TeV

Can we test this contact interaction directly at the LHC?
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Flavour In dimuon tails?

1
N - =AM
From b— suu transitions A2 (SLWbL)(’uLV ’uL)
B— Kuu: RKK™), Ps’, . bsp
08 05017 Gl ot a1 1908 poes hebenner oo ta0a 013, L\bsu ~ 34 TeV

Can we test this contact interaction directly at the LHC?

P present (future 3ab-1) limits:
Apsu > 2.5 (4.1) TeV
[Greljo, D.M. 1704.09015,

P - See also Kohda et al. 1803.07492]

No hope to see this directly.... but...
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Flavour In dimuon tails?

NP ommm32 T2V — New Physics for R(K)
' |

/\qc,‘,. A "
Npﬁ NF |NF‘ In most flavour models, this flavour-violating
21 (27 operator is related to flavour-conserving
gle - i I couplin
SN ones via a sma pling
\ §\ \ 1
g @@@ A AL (5Lyubr) + (@ryuar)| (B pr)

s
<

dd bb bg 99H
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Flavour In dimuon tails?

NP 22 TV« New Physics for R(K")
/\cﬁ‘ A f.‘ '

In most flavour models, this flavour-violating
operator is related to flavour-conserving
glel - ones via a small coupling

NN N L 1
| G o (M (5rwbe) + (quywar)] (Ay* i)
du  dd kb hg 9qK

| / The NP scale is much lower
5 In flavour-conserving channels

We can test models which relate the bs coupling
to unsuppressed flavour-diagonal ones. €.9. 495~ Vi in Minimal
Flavor Violation
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Minimal Flavour Violation

v’ Fixed by

Assumption: The only breaking of the SU(3)° Chsp = A2 RKO) fi
bsp ILS

flavour symmetry is via the SM Yukawas. X

i—f;ﬁ g, )(ﬂz{”/n) (‘S +a\/7l / L ‘”ﬂl ’Cbr Vo Vts

MEV NP
Ny |
We get a prediction for Cp, ™ | ]

(up to O(1) factors)

gleV |

[Cpul ~ 1.4 x 1073 \ \ \\
Apy ~ 6.4TeV 01 WA \ N\
au olo\ b he
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Minimal Flavour Violation

2 :
Assumption: The only breaking of the SU(3)5 Chope = o— XA DY

o A2 L
flavour symmetry is via the SM Yukawas. X bsp R(KO) fits

i—f;ﬁ g, )(ﬂz{”/n) (‘S +a\/7l / L ‘”ﬂl ’Cbr Vo Vts

MFV case — 95% CL limits MEV NP 22 eV
e e T » s -
SR e get a prediction for Cp,
of P (up to O(1) factors)
gleV A |

s | ICpul ~ 1.4 x1073 § \ Y L
< Apy ~ 6.4TeV oL N \ N\
S du  dd bb  hg
o
1| The MFV solution is already

R S 3 In tension with LHC!
CD,UX103 .
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Charm physics vs. dilepton tails

[Fuentes-Martin, Greljo, Camalich, Ruiz-Alvarez 2003.12421]
c o ultt

Due to larger theory and experimental uncertainties, FCNC decays in
charm are less precise than those in the Kaon or Bottom sector.

10
5 © Limits from high-energy tails at LHC are
; - thus competitive with those from decays,
e, o - ]
? | ;' except in the case of scalar operators due to the
i S chiral enhancement in leptonic DY decays.
-3[ pp >
~100 D - (M, ot
40 -20 0 20 40
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Charged Current uidi — TV

[Fuentes-Martin, Greljo, Camalich, Ruiz-Alvarez 1811.0792, 2003.12421; D.M., Min, Son, 2008.07541]

This channel is particularly interesting now due to the
connection with R(D™)

Can LHC mono-tau tails test this?

M(é) N zﬁ;i;*i:udj é_,_\ﬁ) /\2\2 _Lé . éL!U
qgn iﬁ.&* i;“ 0& \]q.l \fz A 2
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Mono-tau tails

[Fuentes-Martin, Greljo, Camalich, Ruiz-Alvarez 1811.0792, 2003.12421; D.M., Min, Son, 2008.07541]

LHC mono-tau tails probes all quark flavours except top.
Different flavours and chiralities do not interfere: can put limits on all operators.

_ 4GV
V2

CU @ PLs) (77 Povy) + Oy (0, Prdy) (77 Prvr)+
CgL (’L—l,iPLdj)(f'PLI/T) -+ Cgﬁ(’ﬁiPRdj)(fPLVT)—l-
C (0,0, Pod;) (0™ Pry,)| + he.
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Mono-tau tails

[Fuentes-Martin, Greljo, Camalich, Ruiz-Alvarez 1811.0792, 2003.12421; D.M., Min, Son, 2008.07541]

LHC mono-tau tails probes all quark flavours except top.

Different flavours and chiralities do not interfere: can put limits on all operators.
AGVii 1 i ~ s _
= 1 [CdLL(ui’YuPLdj)(T’Y“PLVr) + Oy pr (@i, Prd;) (T Prv:)+
C.ZS'JL (ﬂiPLdj)(f'PLI/T) + Cg'R(’L_LiPRdj)(fPLVT)—I-
C (0,0, Pod;) (0™ Pry,)| + he.

S

The sensitivity to operators involving a b-quark can be improved by adding

a b-jet tagging.

® |mproves the Signal/Background ratio
® Selects only operators with b-quark

How big is the improvement?
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Analysis detalls

We recast CMS tv analysis at 13 TeV and 35.9fb-1 [1807.11421]

pr(7) >80 GeV , |n(1)|<2.1, pf> 200 GeV 0.7 < pp/pf™* < 1.3, NAg(pf, D) > 2.4

Bins in “transverse mass"

. — For each bin we get the xsection:
mp = \/2p7]'1mezss [1 — COS AQS(];}, mezss)]

35.9fb" (13 TeV)

> e R AR L 1y _13,X 17\2 _13,X
8105 CMS ¢ Data | [ JW+jets s O =08sMmM —I_ CX USM—EFT —I_ (CX) O-E,F’T2
8 — - SSMW'0.6 TeV D Z(vv)+jets :
2 otgs :m x 1-(6) Iex [ IMultijet 3
----- '40Te - ] : ! ! '
g of | sowwsorey HY ] ... which we use to build the likelihood
l'l DSingIet E
102 T e - Cz+jets ]
.l—-— "-'---i‘__ || Diboson j
10 + =
1 _ == ml _
1 'I n
107 g == J'_“:_'L:L-Fi--. R et
1 0—2 ‘2!5:2%58%;22‘;:201(;%E2%;8%;322 : l )
ol Ung#,;#;L
2
ISO1 5 + _
<s 1 I
o 1T’f0f+—++ i
ot R _
0500 1000 1500 2000 2500 3000
m; (GeV)
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Analysis detalls

We recast CMS tv analysis at 13 TeV and 35.9fb-1 [1807.11421]

pr(7) >80 GeV , |n(1)|<2.1, pf> 200 GeV 0.7 < pp/pf™* < 1.3, NAg(pf, D) > 2.4

Bins in “transverse mass"

. — For each bin we get the xsection:
mp = \/2p77'1mezss [1 — COS Agb(ﬁ;v, mezss)]

35.9fb" (13 TeV)

———— 1] _17,X 1I\2 _17,X
§105 I(;|\[|s ! ¢ Data DW+jets : o — USM -I_ C)g O-S?M_EFT ‘I‘ (C)g') O-EyFTz
8 — - SSMW'0.6 TeV D Z(vv)+jets :
gt  aMwaoTey W . . .

g } MW E0TeV Ett : ... which we use to build the likelihood
‘I Single t f

o LrfTlgr e mm e, - Cz+jets ]
10 .l—-— -I"-'---i ) || Diboson :

10 : =

1 ? E After validating with CMS tv analysis,

F _ we devise our own tv+b analysis
107 Ef — =~ Jl-l-:_-L:'-H =

IPRAT TN i (RRERN TREERETN -y
102 e |
L AL pr(7) >70GeV , |n(r)| <21, pf*> 150 GeV

< 2
©) L _ .

521,?, + ++] + pr(b) >20 GeV , |n(b)] <25, N;<4

05p ’ . 0.7 < pr/pf* < 1.3, AGFF, ) > 2.4

500 1000 1500 2000 2500 3000
m; (GeV)
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EFET [Imits and prospects v v s wosn

95%CL limits

EFT coeff. | CMS (£=35.9 fb™!) | 7v - £L=300 fb~! | 7vb - £L=300 fb~!
ICst 1.5x 1073 1.1x107° -
ICst 9.8 x 1073 7.5 % 1073 _
(&5 2.2 1.7 1.1
IC3L 1.6 x 1072 1.2 x 1072 _
(&3 9.8 x 1072 7.5 x 1073 -
IC%L 0.33 0.26 0.18

|C33| = 4|CF 0.31 0.24 017
|Csk 1.5x 1072 1.1x 103 -
(&5 9.9 x 107° 7.5 x 1073 _
|Cs% 2.2 1.7 1.1
|C3kl 1.6 x 1072 1.2 x 1072 -
|C%| 9.7 x 1073 7.5 % 1073 -
|C% 0.33 0.26 0.19
ICF| 85 x 101 6.5 x 104 -
1CF| 5.5 % 1073 4.2 x 1073 _
ICP 1.3 0.97 0.57
ICH| 9.4 x 1073 7.2 x 1073 -
|C3| 58 x 1072 45 % 1073 _
|CF| 0.20 0.16 0.099
Crir [—0.40,3.2] x 1073 3.1 x 104 .
CR, [0.78,1.1] x 102 9.0 x 1073 ~
Cl.1. [—2.1,2.1] 1.6 0.93
C¥ir [—1.4,1.8] x 1072 1.4 % 1072 _
CPLL [—0.73,1.2] x 1072 1.5 x 1073 -
CViL [—0.33,0.34] [—0.25,0.26] [—0.14,0.15]
|CVre 1.5 x 1073 11x 103 =
|CVaL 9.6 x 107° 7.3 x 1073 _
|CPar 2.1 1.6 0.94
|CVRel 1.6 x 1072 1.2 x 1072 _
|C¥e 9.6 x 1072 7.4 % 1073 _
|C¥ el 0.33 0.26 0.15

David Marzocca

CcC _ CC __
‘Ceﬁ' - _Heﬁ' -

AG Vi
V2

[CgLL(@ﬂuP 1d;) (Fy* Prv;) + CF gy (W, Prdy) (Fy* Pryv, )+
C‘?.L(’L_LiPLdj)('T'PLI/T) + CgR(’lTLZPRdJ)(T'PLVT)+
C;?(ﬂiUMVPLdj)(T'a“”PLVT)] + h.c. .

By comparing

3rd and 4th columns:

b-tagging improves the

limits by at least ~30%
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EFET [Imits and prospects v v s wosn

95%CL limits

David Marzocca

— -1 - -1 - -1 4G Vii [ i B ii B B
BFT cofl. | OMS (L=389B7) | 7v- L8007 | b~ L5001 L =—Heg = \;— : [C\;LL (@i, Prd;)(Ty" Prvr) + Cy pp (@7, Prd;) (Ty* Pryy)+
icL 15x 103 11x10 3 = 2 b )
o2 9.8 x 10~ 75 x 107 - Cyp (U Prd;)(TPryr) + Cgp(Us Prd;) (7 PLv-)+
c1 2.2 1.7 1.1 cii P d )7t P “h
(653 1.6 x 102 1.2 x 102 - (@0 Prd;)(7o LVT)] o
ez 9.8 x 1073 75x 107 -
L cE 0.33 0.26 0.18 :
|CB | =4/C® 0.31 0.24 0.17 By Comparlﬂg
[ 1.5 %1073 11x 1073 - _
c1, 2.2 1.7 1.1 ] i
|C’§R| 1.6 x 10-2 1.2 x 102 - b-tagglng IMproves the
ez 9.7 x 10 75 x 1073 - o
I 0% 01 ) limits by at least ~30%
|ICH| 8.5 x 1074 6.5 x 1074 —
[e2 5.5 x 1073 42 x 1073 -
C13] 1.3 0.97 0.57
c2| 9.4 x 1073 7.2 x 107 - Relevant for R(D )
ez 5.8 x 103 45x107 _
c%| E" 016 0.099 The best-fit for the anomaly is for
CclL, [—0.40,3.2] x 103 3.1x 10 -
gﬁu [_0'[78’2 1i1]2><1]10_2 9.0 >1<;0—3 0;3 V L TeV) = 0.068+0.017
VLL - . ) . . .
CZ. . [—1.4,1.8] x 1072 1.4 x 1072 —
- CHL [—0.73,1.2] x 1072 1.5x107° —
B, -033,034] | [-025,026] | [-0.14,0.15 In order to prObe this dlreCtly HL-LHC
|Car 1.5 x 1073 1.1 x 1073 —
C, 0.6 103 73 103 . and further optimisation is needed.
ICBep 2.1 1.6 0.94
102, | 1.6 x 102 1.2 x 102 -
|C#, | 9.6 x 1073 7.4 x 1073 -
IC2%,, | 0.33 0.26 0.15
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~lavor at Low vs. High Energy

[D.M., Min, Son, 2008.07541]

How do these LHC limits compare with bounds from low energy”?

Let us focus for simplicity on LL operators.

EFT coeff. | CMS (£=35.9 fb~') | 7v - £=300 fb~! | 7vb - £L=300 fb~*
cit . [—0.40,3.2] x 1073 3.1 x 10~* - t—vrn Oy €[-92,1.6] x 107°
Cl% [—0.78,1.1] x 1072 9.0 x 1073 = —vK Oy € [-2.8,-0.02] x 1072
CL,, (—2.1,2.1] 1.6 0.93 B—tv ¢ (m,) € [-0.13,0.41]
cz . [—1.4,1.8] x 1072 1.4 x 1072 — %, et € [—0.21,0.27]
c2 . (—0.73,1.2] x 102 | 1.5 x 10~ - Do, €[-1.4,7.0] x 1072,
CyLr [—0.33,0.34] [—0.25,0.26] [—0.14,0.15] | R(D(™) O, (TeV) = 0.068+0.017

Mono-tau tails are (or will be in the future) competitive with low-energy limits from
semileptonic T decays (A Pich 1310.7922]

aﬂd Charm phySiCS [for more details on this see Fuentes-Martin, Greljo, Camalich, Ruiz-Alvarez, 2003.12421]
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Possible Future Improvements

[D.M., Min, Son, 2008.07541]

LHC limits on mono-tau tails can be improved by

iIncreased statistics and lower systematic (and theory) uncertainties,
finer binning at large mT,

and study of angular distributions:

pp — TV b From partonic events:
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Conclusions

High-energy tails of scattering processes at LHC can provide strong tests for
New Physics heavier than the direct-searches reach.

The limits in both neutral-current and charged-current channels are
complementary with those coming from low-energy flavour measurements

Our recasts are available in terms of the general y? functions of all EFT coefficients:

- pp—w,u/ee: ATLAS Drell-Yan analysis at 8TeV, 20.3fb-1 [https:/aniv.org/abs/2002.12220]
https://people.sissa.it/~dmarzocc/dileptonATLAS8 TeVchiSQ.zip

- pp—1v. CMS 13T1eV, 35.9fb-1 ancillary files in arXiv https:/arxiv.org/abs/2008.07541
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https://arxiv.org/abs/2002.12220
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https://people.sissa.it/~dmarzocc/dileptonATLAS8TeVchiSQ.zip
https://arxiv.org/abs/2008.07541

Backup

David Marzocca Beauty 2020



EFT Validity

The EFT expansion is valid only if 5
the energy scale the experiment is below the NP mass scale NS Hur

What about dim-8 interference w.r.t |dim-6J2 terms?

co . c i
ke e.g.  dep - 7 (BE RV 4 o (R p))

NP

414, )

G’SNGHS 1+ < + =
(5~ Gsuls) P Hip  Fsm

A (6) 6F ¢ \ (¢) 2]
C S <
- VSH(S) 4+2 Lz 2 "" (g—) HZ\ “"2%" 2 +_‘.
\ vP

p‘ﬂ) S Cl%)( e \2 \2

2
vP

_ Vs Mg Yom Usw Hui’ |
(6
The dim-8 interference is necessarily smaller than dim-6 interference if C(g) £ C )
. 2 . . §) 6 2
since S «M,, . Forasingle mediator ¢ " =C ~ 9,

[See discussion in Fuentes-Martin, Greljo, Camalich, Ruiz-Alvarez 2003.12421]
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Compare to explicit model

. i : |
Model with a spin-1 singlet MFV Z' &\
duty | Beyond the
: o x Br !
D+ Z %« C i approximation:
v ”E
%' N
SH™. !
95% CL limits on MFV Z' frompp—>y I’ Interference with SM \\l'
— — —— . is the leading term h N
1.4} ATLAS 13 TeV, 36.1 -1 Can Wi
Limit from
1.2} on-shell production
] searches _
LOEin NW approx. [ _ Such an explanation of the
W O A : anomalies, with Aps = Vi,
Y ' is excluded for any mass.
04| EFT limit 5
0| m _: For Mz = 4-5 TeV the EFT expansion
IZOOOI | I4OOOI 6000 8000 iO 000
My [GeV]
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EFT in the high-pT tails

Estimating the reach

Presently, the limits are dominated by the quadratic terms.

Charged-current AN m N za-.i;*iziu,- 26\[;i < \2 Ci &\
pp — v O 'ia K i;u 0&9,\/“ \r*

1 [
0.500

. 0.100}
§ 0.050|

g; i Lud+du

=qu' q

7 0010}
0.005|

Ry,

gOO 1000 1500 2000 2500 3000

\/E [GeV]
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SMEFT limits

NP above the TeV scale should satisfy SM gauge invariance.
Operator in the SMEFT framework (we use the Warsaw basis)

SMEFT coeff. | CMS (£=35.9 fb~!) | 7v - £=300 fb~' | 7vb - £L=300 fb~!
CPlan | [-0.39,3.2] x 107 3.1x 104 -
[C 3312 [-1.1,2.6] x 1073 | [—0.85,2.2] x 1073 -

[C s [-7.9,7.9] x 10°® | [=6.1,6.0] x 1073 35 %1073
[01(3 J3322 [-4.8,8.8] x 107® | [-3.5,7.1] x 1073 -
[C3325 [-1.3,1.4] x 102 | [-1.0,1.1] x 102 5.8 x 1073
[C 533 [—0.33,0.33] [—0.25, 0.26] [—0.14,0.15]
[Clomssn] 2.9 x 1073 2.2 x 1073 -
I[C) Js312] 7.2 % 103 5.5 x 10~ _
|[Clequ]3321| 4.4 %1073 3.4 %1073 .
[Com]asz2] 1.9 x 1072 1.5 x 1072 -
I[Cle,,u]:asgll 1.6 x 1072 1.2 x 1072 0.80 x 1072
IC) Jasaz| 2.8 x 1072 2.2 x 1072 1.5 x 1072
Il zequ]3311| 1.7x 1073 1.3x 1073 —
|[Cz( q)u]3312| 42x1073 3.2x 1073 -
[C2) Js321] 2.5 x 1073 1.9 x 1073 _
[ChonJsan| 1.1 x 10~ 0.87 x 102 -
IC2) Jasan 0.93 x 1072 0.71 x 1072 0.42 x 102
|[Cz(eq)u]3332| 1.7 x 1072 1.3 x 1072 0.83 x 1072
|[Cledqs311] 3.0 x 1073 2.3x 1073 -
|[Cledq)3312] 6.5 x 1073 5.0 x 1073 -
|[Cledg]3313] 0.17 0.13 -
|[Cledq)3321] 4.5 x 1073 3.5 x 1073 -
|[Cledq)3322] 1.4 x 102 1.1 x 1072 -
|[Cledq)3323] 0.42 x 1073 0.32 -
|[Cledg)3331] 1.6 x 1072 1.2 x 1072 0.81 x 102
|[Cledg)3332] 2.7 x 1072 2.0 x 1072 1.5 x 1072
|[Credg)ssss] 0.66 x 103 0.51 0.37

David Marzocca

dim6
LSMEFT O —

[D.M., Min, Son, 2008.07541]
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[D.M., Min, Son, 2008.07541]

Due to CKM misalignment, each
operator induces correlated effects
with different quark flavors.

The limit from mono-tau tails can in
some cases be complementary to
limits from low-energy processes.
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