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Motivation

e NP at the TeV scale cannot be flavour-generic
¢ Most parameters in SMEFT come from flavour

e Need all possible ingredients to study the flavour structure of the
SMEFT

Hints of LFUV in semileptonic B decays

¢ Use high-py Drell-Yan tails as complementary probes of
semileptonic transitions
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Searches at different energy scales
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High-pr searches can probe the same operators
directly constrained by flavour-physics experiments
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[see also 1609.07138, 1704.09015, 1811.07920, 2003.12421, ...]


https://arxiv.org/abs/1609.07138
https://arxiv.org/abs/1704.09015
https://arxiv.org/abs/1811.07920
https://arxiv.org/abs/2003.12421

Fla/UO’U/T Zn D/r’ell_ Ya/rn ta/ilS [Angelescu, Faroughy, Sumensari 2002.05684)

Parton-Parton Luminosities

Vs =13 TeV
e 5 active flavours in the proton 1k
* Drell-Yan at LHC: :
« pp— L3l M
® pp— éiyﬁ b 1072
e Hadronic cross-section: o
1073 | — 8
o(pp = lalp) = Lij x 65 —w
100203 0405 i 2 4
Vi [TeV]
. &f‘jﬁ = 6(¢:q; — ¢al3) partonic cross-section

— energy-enhanced in the EFT. With 4-fermion operators:

22
6%F o« 2
ij A4

e Heavy flavours suppressed by parton luminosities £;;

Universitat

¢ Energy enhancement can overcome PDF suppression Ziirich™
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https://arxiv.org/abs/2002.05684

Example: charm observables

[Fuenf,es-Martm Greljo, Camalich, Rmz AI’U(H‘PZ 2003 12421]

10+
Compare constraints on s
semileptonic interactions involving e
charm quarks: s o ! |
e D meson decays: ¢ — uf/ s -
- pp— T
e Drell-Yan: cu — ¢/
. _ +p— +p—
LHC already provides better 10F D_“f ( ’”’ ( ‘

constraints! 40 -20 0 20 40

Other examples:
¢ de Blas, Chala, Santiago 1307.5068
¢ Angelescu, Faroughy, Sumensari 2002.05684
e Dawson, Giardino, Ismail 1811.12260
e Marzocca, Min, Son 2008.07541
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https://arxiv.org/abs/1307.5068
https://arxiv.org/abs/2002.05684
https://arxiv.org/abs/1811.12260
https://arxiv.org/abs/2008.07541
https://arxiv.org/abs/2003.12421

Drell-Yan cross section
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Form-factor decomposition: q;q; — KQZ’B

_ 1 _ qq’ s~ o~
A(Giq; = Lalp) = > Z{ (€av"Px ) (77uPy dj) [Fo 99 (3, )] asiy
Xy

+ (aPxth) (aPya)) [FE (5, D)]apis
+ (Lo Pxc ) (@™ Py d)) 8 [FX (5, D]agiy

_ ik NN
+ (Lo Px ls) (70" Py q}) TU (Fi. 1 (3, D]agpi

7 ik, aq’ (4
+ (Fao™ Pictly) (auPyay) =2 7)™ (5, Dlasis |

° X7Y S LaR7 5= k2 = (pé +pf')2a 7?: (pl _pq')2
e General parametrisation of tree-level effects invariant
under SU(3). x U(1),

¢ Captures both local and non-local effects
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Local and non-local contributions

‘/T'.I('gvf) = ]:I,Reg(§af) + fl,Poles(gatA)

/

e Describes contact interactions
— SMEFT

« Expansion for v2, |3, |[{] < A2

AN
]:IReggt = Z]:I(nm)< )(ﬁ)

n,m=0

o Analytic function of §, ¢

\

o Isolated simple poles in §, £

e Non-local effects due to

exchange of a mediator (SM
and NP)

1)2 S[ (a)
§—Qq

N vaﬂ(b) .S VUi
b t— P S+t+ Q.

F1,poles(8,1) = Z

2 . N
Q; =m; —im;I; U=—§—t
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Hadronic cross-section

A@g) = tal) = ZZ{ (Ear"Pxct)) (@Pya}) (R (5. Do

+ (faprﬁ) (/?ipyq,’) [}—é{y’qq/(gﬂg)]aﬁq

+ (Lo Pxty) (2,0 Py q) 85V [FXV 9 (3,1)] sy

parton-level

N amplitude
+ (EarPx ) (G0 Pyds) SE1FDY Y (5o
+ ([l Pxth) @Pya) P51 5, }
opp— 105 = —— 3 % / " ds 0 di MY Ly [F] [
- 7 ) IJ 7, I . J
a”p 48702 Xy 175 m%ZO S J_s J afij afij
MY (/3) 0 0 0 0
. 0 MEY (t/5) MEY(t/3) 0 0
lnterferfznce MXY (5,1) = 0 MEY (E/5) MXY(t/)3) 0 0
matrix 0 0 0 S MEY(E/3) 0
0 0 0 0 SMAY(E/3)
! 3
parton co@= [ Sty (o) +aow)
luminosities Universitit
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SMEFT

c@ d)
LsmerT = Lsm + ZAd O(d) + Z[ O(d) + hc]
d,k

Cross-section up to O(A™4):
G~ /[ }{|ASM + 2 Z2Re(A(6)ASM>
[ R4 A7) S 2me( A )] 4 }
ij

* Include | A®)|? contributions: LFV
e Only d = 8 terms interfering with the SM are relevant
¢ Basis:

* d =6: Warsaw [1008.4884]
e d = 8: Murphy [2005.00059 ]
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https://arxiv.org/abs/1008.4884
https://arxiv.org/abs/2005.00059

SMEFT

Relevant Feynman diagrams:

a ¢
QV>W/<N V . " >W/M/<[’ ' QV>W<W ,/ u’>’\/%</ |
SM Pt V2 XH Y2H?2D
w4H2 1,Z)2H2D
w4D2 T,Z)2H4D
¢2 H2D3
Parameter counting and energy scaling:
Dimension ‘ d=06 d=38
Operator classes Pt Y2H?D  ?XH | ¢*D? vr*H?  Y?H*D ?H?D?
Amplitude scaling | E?/A2  v2/A?2  wE/A? | E*/AY 02E?/AY ot/AY 02E2Z/AY
Parameters # Re 456 45 48 168 171 44 52
# Im 399 25 48 54 63 12 12
niversitat
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SMEFT: Schematic form-factor matching

Vector form factor:

S
Fv = Fvoo +Fvao 35 +Fvor

Matching:

Fv (0,0)
Fv o =
Fvon =

5S(a)

t
ERDY
a

v [S(a, M) + 0S(w)]

v

§—m2 +imyT,
U2 U4 ’U2m§
Fclﬁ) + FC"/SE)HQ + A4 CIZE)H2D3 + Ty
v
*C,.q 2 o, s Q
AZUD 87Q_1+57Q
v
L \,
Ma o (©) vima (1o© 12 .0 M (9)
A2 Cd)szD + A4 ([Cd}szD] +cw2H4D) + chszDS + Tty
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High-pp Tails

A Mathematica package for flavour physics in Drell-Yan tails




HighPT: Generalities

Includes the latest LHC Drell-Yan searches

e Large variety of NP scenarios:

e SMEFT d=6,d=28

¢ Bosonic mediators: leptoquarks (s-channel mediators will come in
the future)

Allows to compute:

e Hadronic cross-sections
e Event yields
e x? likelihood as function of Wilson coefficients/coupling constants

¢ Includes a python output routine using WCxf to perform analyses
outside Mathematica

— Extract bounds on form-factors/Wilson coefficients/NP couplings
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Cross section — event yield

. d— computed analytically (z = mye, pr)

e Need to compare with measured quantity

do tot

Toe (Tobs = mge, my*, mr, ...)

K (mif'| mer)

¢ For binned distributions, introduce Kernel matrix K

xobs § qua'p

¢ K extracted with MC simulations using Madgraph + Pythia +
Delphes

¢ One matrix K for any combination of interfering form-factors
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LHC searches

Process Experiment Luminosity Ref. Tobs T
pp— 77  ATLAS 139fh T 2002.12223 m(rh, 2 Er)  ma.
PP — pp CMS 140fb7" 2103.02708 o My
pp — ce CMS 137fb ! 2103.02708 Mee Mee
pp— v ATLAS 139fb ©  ATLAS-CONF-2021-025  mr(rh, Br)  pr(7)
pp — pv ATLAS 139fb! 1906.05609 mr(u, Br) pr(p)
pp — ev ATLAS 139fb~! 1906.05609 mr(e, Br) pr(e)
pp — T CMS 138fb~ ! 2205.06709 meel, Moy
pp — TE CMS 138fh~! 2205.06709 mi‘]’le Mre
pp — pe CMS 138fb! 2205.06709 Mye My
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https://arxiv.org/abs/2002.12223
https://arxiv.org/abs/2103.02708
https://arxiv.org/abs/2103.02708
https://cds.cern.ch/record/2773301/
https://arxiv.org/abs/1906.05609
https://arxiv.org/abs/1906.05609
https://arxiv.org/abs/2205.06709
https://arxiv.org/abs/2205.06709
https://arxiv.org/abs/2205.06709

Single WC' limits




Limits on four-fermion operators: Cz(ql )

e Switch on one operator at a time and compute the cross-section
e A=1TeV
33 | ——— [~0.65.0.41] 33 — -035.0.22] 33 | ———— [~0.80.0.54]
13 e [~010.011] 13 - 0.048.0.057) 13 e [~0.13.0.15]
2 —— 013,017 2 —— 0.055.0.10 2 —— [-0.15.0.20]
- G, | . ] - 0, |
R R e B R ] R N 00058 0030 R LT oo oo
33 — [-017.017) 33 — ~0.31.0.31 33 — [-0.19.0.19]
23 [-0.10.0.10] 23 ~0.19.0.19) 23 [~0.12.0.12)
13 " [-0.041.0.041] 13 - 0.074.0074) 13 e [-0.051,0.051]
2 - 100430043 2 ——— 0078007 2 - |-0053.0.053)
12 oom0017 12 —0.030,0.030) 12 1-0021,0021]
HgneT [Cours - e ss: HigheT €],
R \ | ooomz 000 L R o 00160010 wl ) P ooz oms
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Limits on dipole operators

e Switch on one operator at a time and compute the cross-section
up to O(A%)
e A=1TeV

5 [ » —(— —oer.00 [ | omom
32 ——— (1414 32 —t— [-019.019]
2 [-osLos) 2 —t— [-019.0.10]
3 —— [-orrom o -+ -oa1.021 3 —t— (014014
13 - [-0aL0m) 13 —t— [-014.014)
2 —— [-085.0.55] 12 032,032 2 —t— [-016.0.16]
2 - [-030.030] 2 —— [-013.013]
- el | remenl e fearl, o P o e

R [-015.015] 015015 A N A (o101

S20 151005 0 05 10 15 20 20-15-10-05 0 05 10 15 20 05 04 02 0 02 04 06

B —— SESE] 2 ——— 09094 3 —— [-050.050]
32 —— (1212 32 —t— [-032.03)
23 (1212 2 —t— 032,03
3 —— [-063.00) 2 - “osrosm S| ——— [-054.054
13 —t— [-063.06] 13 [-054.054
22 — [-or7.077] 12 —040,0.0] 22 —— [-0.33.033]
2L —— 043043 2 —— [-029.020]
- feal | romon| eal, | T e

= [028.028) 0202 06306

20151005 0 05 10 15 20 20-15-10-05 0 05 10 L3 20 05 04 02 0 02 04 05
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Some EFT considerations
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Cutting the data (clipping)

e Neglect events above a threshold M., to ensure the validity of
the EFT expansion

e Worse constraints removing the highest bins

250F 250F T | 2250 H 3
— oY) f P g E 0 gt
2000 --n 2000 ] E 2000 : B
1750 b 1750 E E 1750 E 4
Z 1500k ?j 1500 i 4 ?.5 1500 | Ei
o o 1 [ H
T 1250F ~ 1250F v 4 < 1250 -= 4
g g R 3 i
= 1000F = 1000F g = 1000 i E
T50F 750 o \\ B 750 \ 4
500F sof T S0\ T 500 B
B L i L " L e
03 02 —01 0 01 02 03 3 -2 -1 0 1 2 3 0o 1 2 3
1 2 —2 (1) 2 =2 (1) 2 -2
[Cz(q)]ml /A [TeV?] [Cly l2222 /A [TV [Chy l2233 /A* [TV 7]
250 - 2950 - 250 F -
2250 i prssew 2250 T passen 2250 T prssw:
2000 B 20004 B 2000 B
1750F B 1750 B 1750F B
Z 1500} B 2 1500F B 1500k B
o 2 o
~ 12s0F ‘ ‘ E ~ 1250F E ~ 12s0F E
= 1000k ‘ ‘ 4 = 1000k 4 = 1000k 4
T50F “ \‘ B 750 E T50F B
500 / \ B 500F B 500F B
L L LA L n n I " n L L I L L . .
9 -6 -3 0 3 6 9 -9 -6 -3 0 3 6 9 9 =6 -3 0 3 6 ojversitat
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Choice of basis

¢ down-alignment more constrained

o Largest effect with 2°¢ generation quarks
(O(M) Cabibbo suppression vs PDF enhancement)

T T T
A=1TeV HighPT

T T T
A=1TeV HighPT
0.003F E 3
0.002F E
~ 0o0f E E
e oF E Bl
es
= oomf E
-0.002f B down-aligned 3
B up-aligned E
-0.003F up-ali E
+SM B Vo = laxs
| \ h I . L , \ . . L . \
001 0 001 002 003 004 -002 0 002 010 -005 0 005 010
1] 1 1]
[C[(q)]zzu [C:(q)]zm [C,(q)]zzls
T s
0.050 FA=1TeV HighPT
3F E
0.025 2F
g ofd 5 F
5o 2o
S -0.025 =
b
-0.050 —of
b
0075
L L L L L R ' L L e d L L
010 005 0 0.05 010 02 -01 0 01 02 T3 o1 o0 1203
(1) 1 1
[Cpy o222 [C},,)]zzzs [CA(I,J]zm
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Impact of dimension-8 on form-factor fits

¢ Dimension-8 terms enter at O(A~%) in the cross-section

e They can have a sizeable impact on the constraints for
dimension-6 operators, if A is sufficiently low

¢ See an effect under the hypothesis of uncorrelated d = 6 and

d = 8 terms
e In realistic scenarios, d = 6 and d = 8 are generated by the same

NP
— including dimension-8 terms doesn’t change the constraints

uu e uu | (x5 = uw| (x5) e

ud ud| (x5) ud| (x5)

dd dd| (x5) dd| (x5)

58 o8 58

p cs cs

e e e

bb bb bb

7(7‘1“) f“‘,“l —0.02 0. U.ll) (IlH U;N) ,”I("; —0.04 —0.02 0. 0.02 l);’l U:lli 7(7‘1“) f“‘,“l —0.02 0. U.ll) (I:H U:N)

[Fees). (7)., [0, iversitat
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d =6 only mwmm marginalized over d =8 mwmm ]:\%I(Jl,o) = vQ/AQJ:‘%%O,O) ‘



Constraining leptoquark models
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Leptoquarks in HighPT

SM rep. Spin Ling

S (3,1,1/3) 0 Ls = [yia S1@ela + [YFia S1tea + [§1ia S1dSNa + h.c.
S (3,1,4/3) 0 Lz =i Sidieq +hec.

Ur (3,1,2/3) 1 Ly, = [#1ia Glhla + [#f]ia dilliea + [Ff)ia @l No + hec.
U (8.1,5/3) 1 Ly =[ifiatlieq +he.

Ry (3,2,7/6) 0 Lr, = —[¥5)ia UiRzela + [y5']ia Gia Rz + hoc.

Ry (3,2,1/6) 0 Lg =—[0fliadiRaelo + [75ia i NaRa + buc.

Voo (3,2,5/6) 1 Ly = [2h]iadiVaela + [25]ia qfeVaea + hic.

Va (3,2,-1/6) 1 Ly = [5)iauiVaela + [#ia GeVaNa + hec.

Ss (3,3,1/3) 0 Ls, = [y5ia @e(r! Sy + hc.

Us (3.3,2/3) 1 Ly, =[Eied(r! Ul +he.
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Single LQ couplings

Uy ~ (37 172/3) Sy~ (:?7 1, 1/3) Ry ~ (72a 7/6)

33 S — [-1.9.19] 23 I 20.20] 23 —— [-17.07]
32 —t— BT
2 rand 2 BT
—— [ra
—— (121 2 19,29 2 a1
2 —— [~0.86.0.86]
2 . 13 —— 083089 1 —— [os052
13 e — s
[+ [roszos 12 - os7.097 12 (033,033
2 —— Uia | osroan
1 | HighPT mu=2TeV[ g ar gm 11 | HighPT ooz 1 [ HighPT [-osn.05
w0 10 20 20 10 0 10 20 10
3 —— [ 5[ —— a1 3| — [
3 —t— 12z — R
— 1610
—— [aman — (2020
BT 2 2121 (1213
2 —(— [~0.80.0.80] — [~0.84.0.84)
2 . 13 —— 11 2 .
13 —— ® [-or2.072 - - ® oatoas 1 - [-052.057
12 —— [0 | Cosnosm [T, 12 [-034.034]
u | HighPT =2 TV] Comom 11 | HighPT ms=2TV| oz 0 11| HigheT 1056056
0 St 0 1o 20 20 S0 0 10 20 TR
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Constraints from LFV searches

e Need at least two couplings switched on to get LFV effects

e LFV searches give complementary information to the flavour
conserving ones

e U; vector leptoquark

[a}]as




A case study: the b — ctv anomaly




EFT description

LEFT ‘ SMEFT ‘ Uv

mrb my

ANP

SMEFT

Heavy NP integrated out
SU(?))C X SU(Q)L X U(l)y
LSMEFT = 75 20 CaOa

3
e.9. [0 lasis =
(lavuo'ls) (@ o' 45)




EFT description

LEFT ‘ SMEFT ‘ uv B
M, my Anp
LEFT SMEFT
« EWSB e Heavy NP integrated out
e SUB)e x U()em e SUB). x SU((2), xU(1)y
* LLppT = — 5 2.0 CaOq ¢ LoMEFT = 3z .0 CaOa
° udly _
€9 [OVL }aﬂij - ® €9 [Ol(g)}aﬁij =

(Crav*ves) (@rivudr;) (lavuolp) (@i o' q)




EFT description

LEFT ‘ SMEFT ‘ uv B
M, my Anp
LEFT SMEFT
« EWSB e Heavy NP integrated out
e SUB)e x U(D)em e SUB). x SU((2), xU(1)y
* LLppr = — 5% 2.0 CaOa * LoMEFT = 3z .0 CaOa
° udly _
€9 [OVL }aﬂij = ° ey [Oz(g)hﬁij =
(CLav"vis) (ULivude;) (lavuo'ls) (@ "o 45)

RGUFE effects are important!

[ 1308.2627, 1310.4838, 1312.2014, 1711.05270]



https://arxiv.org/abs/1308.2627
https://arxiv.org/abs/1310.4838
https://arxiv.org/abs/1312.2014
https://arxiv.org/abs/1711.05270

Example: semileptonic operators meet pole observables

Lo 4 Lo o H
s 4 s RN
RGE [ 1310.4838]

Semileptonic operator at scale A: )

€5 as D 2NC apmalY, Yat VIV
(01 Nasis = (a0 15) (@70 45)

(Ofit)as = (H'iD, 0" H)(Ir"o"15)

— Modification of W couplings to leptons:
= \[ Z [gZ aﬂ (Crav*vep) } W, + h.c.

geL # =6 +7[Cgl]

e.g W — v, ...


https://arxiv.org/abs/1310.4838

Example: LFU tests in charged current B decays

o T T T T ]
S I O AV aversge Ax*=1.0 contours ]
04— i
E_LHCb1S ]
L BaBarl2 ]
()i 035~ 30 =
R B(B — D Tl/) L LHCbI8 3
D(*) - 03 \_/ 3
B(B — D™)iw) : ]
025 = F Bellelo ~ Bellels =
(= o, € E Belle7 3
02— + Average of SM predictions

r R(D) =0.299 +0.003 1

r R(D¥) = 0.258 +0.005 PO = 27%

I 1 I I
0.2 0.3 0.4 0.5

RD)
Low-energy effective description:
LZ&?CTV =— 2\/§GFvcb [(1 + CVL)(EL’YMI)L) ('T-L’YMVL) + CVR (ER’}/“I)R) (%L’YMVL)
+ Cs, (erbr) (TrvL) + Csy (eLbr) (FrvL) + Cr(CrouwbL) (fRU'WVL)] +h.c.,
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Example: LFU tests in charged current B decays

Low-energy effective description:
LZ;CTV =— 2\/§GFvcb [(1 + CVL)(EL’YMI)L) ('T-L’YMVL) + CVR (ER’}/“I)R) (?LVMVL)

+ Cs, (erbr) (Frvr) + Csy (€Lbr) (FrvL) + Cr(Crouwbr) (fRU'WVL)] +hec.,

SMEFT matching:

R O (GRS CINE (013 o8 = (Tavule) (@7 47)

Cun = 22 L pe 1 (0108 = (a0 15) (@7 0" 45)

’ QA;VQ:Sl o [Olequ]Z]aﬂ (Ioe )e((jiuj)

Cs. = 55277 Clenl sz 0P Tisap = (la0™ es)e(@i0r )

Csﬂ:*%g%[czedq]gmr [Oledq(];;aﬂ (loes)(dig;) I

ol

Or =~ g [0S [qu]m = (H'iDyo" H)(@y alqj)

[OHl}aﬁ = (H'iD,o"H)(l,y"o"15)
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Example: LFU tests in charged current B decays

Three possible scenarios: [ 2103. 12504
" U (1) 3) (1) 3)
[Clq ]3323 = [Clq ]3323’ [Clq ]3333 = [Clq ]3333
L4 Sli
[Cl(q1 )]3333 - [Cl(j )]3333’ [Cl(elz;u} 3332 — 4 [Cl(gr;u]3332
"M (1) 3)
[Clequ] 3332 = 4 [Clequ} 3332

Compare the combined constraints from low-energy, EW and high-pp
between the EFT approach and the explicit mediators

— Choosing two LQ couplings at a time corresponds to more than two
SMEFT operators, get more correlations between different observables



https://arxiv.org/abs/2103.12504

Tree-level L) matching

Field S1 Ry U1
Quantum Numbers (3,1,1/3) (3,2,7/6) (3,1,2/3)
[Credgl o pij - - 2zf 1, [
[ O 1173 N1 SPE 17 I T -
e, AL el
[Ceulapi s[iis i
[Ced] npis —[efisle]s,,
[Ceul npi - —2lvElislvd e -
(Caclijas - — 5 [v5is[v3 50 -
C],, bl : ~3letlslat s

— 3yt lis

—3[7lisle1 0
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Example: LFU tests in charged current B decays
hd Ull

(1) — [c® 1) — [¢®

[Clq ]3323 - [Clq ]3323’ [Clq ]3333 - [Clq ]3333
Computing the LHC likelihood for pp — 77, Tv:
- x2tt = Plus @@ ChiSquareLHC["di-tau-ATLAS", Coefficients -» {
Wc["lq1", {3, 3, 3, 3}],
Wwc["lg3", (3, 3, 3, 3}],
WC["lq1", {3, 3, 2, 3}],
WC["1g3", {3, 3, 2, 3}]

s
Computing observable for di-tau-ATLAS search: arXiv:2002.12223
PROCESS : ppooTT
EXPERIMENT H ATLAS
ARXIV : 2002.12223
SOURCE H hepdata
OBSERVABLE : mfot
BINNING mi°t [GeV] : {150, 200, 250, 300, 350, 400, 450, 500, 600, 700, 800, 900, 1000, 1150, 1500}
EVENTS OBSERVED : {1167., 1568., 1409., 1455., 1292., 650., 377., 288., 92., 57., 27., 14., 11., 13.}
LUMINOSITY [fb~1] ;139
BINNING /3 [GeV] : {150, 200, 250, 300, 350, 400, 450, 500, 600, 700, 800, 900, 1000, 1150, 1500}
BINNING pr [GeV] H {0, =}

x2tv = Plus @@ ChiSquareLHC["mono-tau-ATLAS", Coefficients -» {
we["la1", {3, 3, 3, 3}1,
WC["lg3", (3, 3, 3, 3}],
we["la1", {3, 3, 2, 3},
WC["lg3", (3, 3, 2, 3}]
M Universitat
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Example: LFU tests in charged current B decays

" U (1) (3) (1) 3)
[Cia" 15325 = [Cig 3305 [Cig 13335 = [Cig 15335
Flavour + EW likelihood:
ChiSquareFlavor[
Observables -» FlavorObservables["b->c,semileptonic"],
Coefficients » {
wc["lq1", (3, 3, 3, 3}1,
wWc["lq3", (3, 3, 3, 3}],
WC["lql", (3, 3, 2, 3}1,
WC["lg3", (3, 3, 2, 3}]
)
1 HighPT takes care of RGE in LEFT,
ChiSquareEW[Coefficients - { match it to SMEFT,
"’C["tql"’ 3,3, 3,33, and evolve the SMEFT
wc["iq3", (3, 3, 3, 3}1, .
Werlai", (3, 3, 2, 311, coefficients up to Ay p

we["lg3", {3, 3, 2, 3}]
}
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Results: Uy

EFT LQ model
U~ (3,1,2/3)

A=2Tev
3L b 3

e 2+ n 2

3
Be 1F 5 1
SN

3

Il 0 5 5320

2 =

N
—5 -1k 3 -1
2
RS

LHC 77 + 71 -2 LHC 77 + 1v
—3L . N _3b ‘ ]
HighPT . | HighPT
L 1 L y 1 L 1
~1L -0.5 0. 05 L -15 -1. —05 0. 05 1. 15
(1) _ [®) L7123
[Clq ]3323 - [Clq ]3323 [21]




Results: S

EFT LQ model
S~ (3,1,1/3)

N

.

1_

5
[Ciensssz = =4[Cl)s320
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Results: Ry

EFT LQ model
Ry ~ (3,2,7/6)

3332 4Im [Cl(jq)u] 3332
Im ([y57%)

]

(1)
lequ.

—ol

Im [C

-3h

0
=4Re [Cl(esgu] 3332

Re [Cl(elq)u] 3332




Summary

e Drell-Yan tails can provide useful complementary information to
low-energy and electroweak observables

e HighPT provides an easy-to-use framework to obtain the high-pp
likelihood from the LHC with the latest Run-2 data

e The output can either be analysed within Mathematica or
exported to python for further analysis and interface with other
existent tools (e.g. smelli)

e The consistent EFT expansion up to O(A~*) allows to study the
impact of dimension-8 operators (the energy enhanced ones)

e Currently, all leptoquarks implemented with masses m =1,2,3
TeV
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Future prospects

 Simulate more LQ masses (m = 4,5 TeV coming soon)

e HighPT 2.0: Include low-energy and electroweak observables to
have a full likelihood

e Include right-handed neutrinos, both in the EFT (vSMEFT) and
in LQ couplings

e Study the convergence of the EFT expansion comparing SMEFT
and mediator modes




Thank you!
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