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The LHC is running again

LHC Pagel Fill: 9905 E: 6800 GeV t(SB): 10:31:13 16-07-24 15:47:07

PROTON PHYSICS: STABLE BEAMS

Inst. Lumi [{ub.s)™-1] IP1: 15549.57 : ) IP5: 15327.94 IP8: 1607.11

Luminosity / 130 cm-2s-1

1 o i

T T T T T T
J 17:00 20:00 23:00 02:00 05:00 08:00 11:00 14:00
18:00 22000 02:00 06:00 10:00 — ATLAS ALICE — CM5 — LHCb

BIS status and SMP flags
Comments (16-Jul-2024 13:30:14) Link Status of Beam Permits

STABLE BEAMS Global Beam Permit

Setup Beam
IP2 and IP8 on target

IP1 and IP5 head-on Beam Presence
Moveable Devices Allowed In

Stable Beams

AFS: 25ns_2352b_2340 2004 2133 _108bpi_24inj SURISOCR: I ENABLED [{YESSIOCY:¥ ENABLED




New physics?

New physics must be hiding very welll
Change of paradigm: bump hunting — precision measurements
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SM Effective field theory
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- Consistent way to parameterize deviations across searches
- As model independent as reasonably possible



Precision for measurements

Our ability to make measurements and discoveries is limited by
the goodness of our theory prediction
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Large EW corrections

Electroweak corrections grow with energy because of
miscancellations between loops and real-emission diagrams.

<

Sudakov logarithms alog?s/mw? and a logs/my?
NLO EW is O(10%) at ~ TeV and keeps growing.

Exact NLO EW corrections are not available in the SMEFT in general

An approximate-NLO based on Sudakov logs is adequate to
describe the physics at high energy, the region where EW effects

become important.

The high energy region is also the most sensitive to SMEFT.



SMEFT@NLOEWSsup

We exiracted NLO EW corrections to selected SMEFT operators

in the high-energy limit.

Our focus is on four-fermion operators, we looked at top pair

production at the LHC and in a lepton collider.
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NLOEW in ttbar

= CEV /A2 = 0.25 TeV 2
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NLOEW in ttbar

Electroweak corrections infroduce new structures.
For example the directions:
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CQd = —Ctq And CQq = ~Ciq
are related by tL <= iR and are exactly flat at LO.

Strong corrections do not significantly alter this picture,
but NLO EW does:
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do—QCD+EWSDK
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NLOEW in a 10 TeV muon collider
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A fun example: pp-e*e

C,./A? = 0.02 TeV~2 ]

SM
[O(A7)]
— O\

L= L1.O

500 1000 1500 2000 2500
my, |GeV]

Distribution

3000

Ky 1.0}

Kp-1 1.0 =
0.8l— QCD+EWy -~ EWgp =+ QCD ]
500 1000 1500 2000 2500
Ty, [GGV]
K-factor

Out = 2=y (Tey*us) (€7,8).

12

3000



107 o
= C,i/A? =0.02 TeV
L 3
O — SM §
:E; 1073 3
2 oy
o - A_4
§ N 10—5 O( ) 3
€a) N ]
+ 4
z S |
S 1077%
0.0 -: ——t———— ]
o | W BT ]
dO-INT —0.5F— QCD+EWSDK EWgpk -
N S 10 QCD |
d 2 _I QCD+EWSDK - E')WS'DKI """"" ]
Jsq 1E—LO e QCD =
dosy //
e T ]
500 1000 1500 2000 2500 3000
my, |GeV]
Distribution

A fun example: pp-e‘*e-

500

1000 1500 2000
my, |GeV]

K-factor

Oue = Y1y @y ug) (Cy,f)

2500

3000

12




oty S
= C,i/A? =0.02 TeV
© _ — SM ]
= 107
& | O] ]
2 — O\
§ _107°F ( > 3
m = E 3
_|_ F 4

S 1077%
0.0 -: ——t———— ]
e | W T
dO-INT —0.5p— QCD+EWSDK EWgpk 5
N S 10 QCD _5
d 2 _I QCD+EWSDK - E')WS'DKI """"" _
Osq 1E— LO QCD :
dosy [ //
- ]

500 1000 1500 2000 2500

my, |GeV]

A fun example: pp-e‘*e-

NLO QCD

Distribution

3000 500 1000 1500 2000

my, |GeV]

K-factor
Oue = 3y (v us) ().

2500

12



A fun example: pp-e‘*e-
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Some final remarks

We extracted NLO EW corrections to four-fermion SMEFT
operators in the high-energy limit, where they are dominated
by Sudakov logarithms.

Our approach is fast, numerically stable, and accurate for tails
of LHC distributions.

- Relative impact of NLOEW is different between SM, 1/A2, 1/A* terms.
Pattern of corrections depend on operator.

- EFT contributions at NLO show cancellations between QCD and
EW.

- It is inaccurate to propagate SM k-factors to the SMEFT.

- Impact of NLO EW small at ~100 GeV, but about 10% at 1 TeV and
larger beyond.
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In case anyone asks...



Mass suppression

The approximation of NLO EW with Sudakov logarithms assumes the
amplitude survives the vev - 0 limit.

While in the SM processes with a O(vev) amplitude are very
rare, they are quite common in the SMEFT.

Four fermion operators are always ok, some SMEFT operators are not:
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This gives rise to additional collinear logs that can not be extracted
in general.
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