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e Program to calculate NLO SMEFT:

o Process-dependent: cross-sections, decay rates
Haisch et al. (2507.21768), Bellafronte et al. (2508.14966)

e Universal, Lagrangian level: RG, matching, threshold corrections
Jenkins et al. (1308.2627/1310.4838/1312.2014), Aebischer et al. (2502.14030)

e Crucial for consistent RG analyses using NLO SMEFT corrections
Jenkins et al. (1308.2627)

e NNLO SM threshold corrections calculated Kniehl et al. (1503.02138)
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Threshold Corrections

What are threshold corrections?

Expressing _ of the Lagrangian as a function

of [Brokenphase (Experimentally measured) parameters
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Threshold Corrections

What are threshold corrections?

Expressing _ of the Lagrangian as a function
of broken-phase (experimentally measured) parameters

Lagrangian Parameters

sym

(l”’) - p, S {g17g27)\7ﬂ%-/7)/t;g3}

broken

p; S {MW,Mza Vcr,mvafng(:u)}

1

- 2M
€ {vu, va} Vi = <\/§GF> ’ Vo = 2

a

dra(Mz)
Scheme ‘ Inputs
Vi GF7 MW7 MZ
Vo a(Mz), My, Mz
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Threshold Corrections in the SM

What are threshold corrections?
At tree level (a few examples):
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Threshold Corrections in the SM

What are threshold corrections?
At tree level (a few examples):

2MW m,24 ﬁmt
82 = A= 2 Yt =
Vo 2v;

= Radiative corrections

In the case of \:

2 2 0O.S.
My o m
do=o = A0 = e [LHIME W)
V50 %=
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MS Scheme

@ Renormalised parameter
depends on scale

@ Convenient for RG
running

On-Shell Scheme

@ Renormalised parameter
scale-independent

@ Physical inputs at the
EW scale

@ y-dependence in
counterterms
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Threshold Corrections in the SM

What are threshold corrections?
At tree level (a few examples):

2Myy m,z_, V2m;
82 = ) A= P Yt =
Vo 2V0 Vo

= Radiative corrections

In the case of \:

2 _ 2 0.S.

My o m
lo=575 = AMS (1) = 530S B [1+| 0A(pPrke, ) |
V0 %= L - 7]

Threshold corrections are gauge-independent and finite functions of
on-shell renormalisation CT.
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A recap of SMEFT

The SMEFT Lagrangian

L=L4 O 4O Oy £G4

In our work, d = 6:

L=L®+20; £O=3 C(u) Qiln)

Examples of Dimension-6 Operators - Warsaw Basis (arXiv:1008.4834)

Oup = (HID*H)*(HID,H) | Ona = (HTH)D(H!H)
One = (HTH)GJ,GA | Oy = (HTH)(GLurH) + h.c.
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Threshold Corrections with SMEFT

We define those expansion coefficients:

2
A= ;L’; [1 + L aAB1o) 1 250600) 4 6>\(6’1"’)]
VO' VO'

Reminder:

Sym.

p;

sym.

(/’[’)Ep € {glagZa)‘ MHa}’tyg3}EP,MS

broken

Pi € {MW, MZa Vo, MH, mtvgs(:u)} = p’OS
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Threshold Corrections in SMEFT

Before EWSB:

Leym = (DyH)'(D*H) + Cy(H'H)B(H'H) + Cup(H'D*H)*(H'D,,H)

1 ,\2 3Cyv?
HY=MHH=ZV2) — HT H)3 _ H
V( ) )\( 2V) CH( ) = VT_(1—|- 8\ )V
After EWSB:
L Loum? = tm2p2 4
broken32( i ) 5 H
3CHvE

1
m%_, = 2>\V%- (1 -+ 2CH|] V%— — ECHDV%—)
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Threshold Corrections in SMEFT

Before EWSB:

Leym = (DyH)'(D*H) + Cy(H'H)B(H'H) + Cup(H'D*H)*(H'D,,H)

1 2\? 3CHv?
= TH_ Z,2) = )3 _ H
V(H) A(HH 2\/) Cu(HTH? = vT_(1+ = >v

After EWSB:

L 2o 1 5.5

Lbroken 2 E(a,uh) - EmHh T ooo
3CuHve 1
mfy = 2>‘V$’(1 — 2CHovE — ECHDV?I')

Leading to:

m? 3v2 1
\ = 7’; (1 + vz (;—CH + =Cup — 2CHD)>
2ve my, 2
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Threshold Corrections in SMEFT

= Radiative corrections = Renormalisation procedure to one-loop

2 2
Mh o 3VT70 1
Ao = (1 + V%,o <m2 CHpo + §CHD,0 —2CHop
H.,0
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Threshold Corrections in SMEFT

= Radiative corrections = Renormalisation procedure to one-loop

2 2
Mh o 3VT70 1
Ao = (1 + V%,o <m2 CHpo + §CHD,0 —2CHop
H.,0

For a generic renormalised parameter X: Xp = X (1 + AX)
For Wilson coefficients:  Cio = G+ AG

For broken-phase parameters renormalised on-shell, split the counterterms into
divergent and finite pieces in the dimensional regulator

AXo.S. —

:lv' +6XOS XO.S. € {MW7M27VO'7mt7mH}
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Threshold Corrections in SMEFT

Reminder:

2
A= T8 [1 F 50N 4 \25)000) 4 mw)]

g

For \:
1
A= v 2[1 + 2( ;CH — 2CH kin — 5\/(6 0) 7(25m$_7"1) _ 5‘/54,1))

+25m§3’1)—5v§6’1) 45v(60)5m(41)+ ‘75v(41)CH 4(5m( )CHk,n]

Have calculated all the counterterms (5v((,6’0), 6ml(5’1)...

Checks:
e UV divergent parts cancel and answer is gauge invariant

e y-dependence on LHS and RHS match
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Numerical Analysis at the EW scale
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Numerical Analysis at the EW scale

B Top-quark loop generic size:

z Ne m? Ap§4’l) 10
MVQNW 1672 v2 = zox 1%

B Tadpoles scale like:

Aptad(4,1)

2
t ~ Me oA (41) (4.1)
¢ ——— R 5 Ap 7 = 20p;
vZ my,
H
__________ t
| O
2 A1)
I . _ cy A
B Renormalisation of s2 gives enhanced correction: - ’Otz ~ 3.5%
sW VO'
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Numerical Analysis at the EW scale

At the EW i = M7 scale
Using experimental values (e.g. My = 125.20 GeV) as input:

v 4 M v 2Myzs,,
gre00) = VATOMZ) g 35py  gueis0) _ 2Mzsu

Cw VM

= 0.3499

Vg1(4 o = 1.000 + v2 [ — (1 x 1.07)Cyp — (0.25 x 1.08)Cp + - - ]
gltl b
Vi
Vg1(4 oy = 1.024 + va [ —(1.87 x 1.03)Cyw — (1.12 x 1.05)Cpp + .. ]
&'’
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Numerical Analysis at the EW scale

At the EW p = M7 scale
Using experimental values (e.g. My = 125.20 GeV) as input:

2 2
AV (40) L’Z —0.1325,  A%(40) — m—"z’ = 0.1293
2 2VM

Va

Ae

T = 1073+ [(11 3 x 1.07)Cy + (3.73 x 1.21) Cpws + (2.24 x 1.17)Cpp
— (2% 1.00)Cpyy — 0.377C,py — 0.159Cpy, +0.135Cfy) — 0.109C) + .. } i
33 33 33 53

Avk 2 @
= 1119+ v2|(11.6 x 1.02)Cy — (2 x 1.00)Cyo — (1 x 1.27) +Ct
PXACT) z HET

+(1x 124)C 4 +(0.5 x 100)CHD—0373C,,H—0029C(3) }
1221 33

— Loop corrections of order O(10%)
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Threshold Corrections in RGEs
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Threshold Corrections in RGEs

The bottom-up approach
At fixed order:

Syim. sym. .sym. A
Piy (/\) = P,‘y (HEW) + P,-y (NEW) In <>
HEW
: A
Gi(N) = ci(pew) + Ci(pew) In ()
HEW
where
p’_}’m.(MEW) = p?ym. (pgyrn.

P (new), ci(kew))
G (new) = G (0™ (new ) ci(pew))

@ ¢; are fixed initial conditions (at the EW scale)
o C; include the Wilson coefficients that will be generated
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Threshold Corrections in RGEs

Case study 1
RG evolution from pgyw = Mz to uyp =1 TeV
Only 1 non-zero Wilson Coefficient at pgpw

1

ci(Mz) = Cuu(Mz) = TTeV2

Reminder: O,y = (HTH) (c‘yLuRI:I)
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Threshold Corrections in RGEs

Gi(A) = ci(uew) + Ci(pew) In (Mf/:'\vv)

For our case study c¢;(Mz) = C,y(Mz), we require:

. 9 27
1672Cyy = <_2g12 - ?gg + 108\ + 18y3> Cr + (24)\yy — 24y7) Cupy
33
: 35 27 51
16m°Cyy = | ——g? — ——g5 — 885 + 24N+ —y? ) Cuny
33 12 4 2 33

=-g1, 82, A... are calculated from our threshold corrections
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Threshold Corrections in RGEs

Sym. Sym. - SYII. /\
S A) = P () + 5™ (uew) I <)
HEW

For the SM parameters:

41
pi=p*Y . pie{gn g 81k},

3 (41) 3ufy
A=A\ +72 2CH+th%[§[ 5

33,

- (4,1)
Yt =Y +8

CuH -
33

:>/ﬁ_,,yt are calculated from our threshold corrections
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Threshold Corrections in RGEs

{glag27 )\a /L%—/7thg3}

SM,VM A
S'Mvi() = {1.01,0.980, 0.686, 1.07, 0.890, 0.875}
Wi
P; (Mz)
SM+(670)7VM
"SM—() = {1.00,1.00,0.925,1.00, 1.04,1.00}
S (N
p; (N

pSM+(670)+(671)7VN

j (N _
STy {1.00,1.00,0.958,0.981, 1.00, 1.00}

— Adding NLO SMEFT decrease the values of A and ,uﬁ at the scale A by
4% and 2%
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Threshold Corrections in RGEs

Case study
RG evolution from pgyy = Mz to uyp =1 TeV

Only 1 non-zero Wilson Coefficient at pgpw

ci(Mz) = Cuy(Mz) = !

1 TeV?

NLO threshold corrections effect the results for C;(A) at below the 1% level
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Threshold Corrections in RGEs

Case study
RG evolution from pgyy = Mz to uyp =1 TeV

Only 1 non-zero Wilson Coefficient at pgpw
1

ci(Mz) = Cyu(Mz) = 1Tev2

NLO threshold corrections effect the results for C;(A) at below the 1% level

New scenario
2 non-zero Wilson coefficients

ci(Mz) = {CuH(MZ) = % » Cug(Mz) = (07;/\)2}

The value of C,y (Cy) at that scale is shifted by 3% (-2%) compared to
LO SMEFT
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Conclusion

e Complete set of NLO SMEFT threshold corrections in analytic form,
in two EW input schemes

e Numerical analysis shows changes O(5-10%) in SM symmetric phase
parameters values due to NLO threshold corrections

e Would easily be implemented in RG running programs, such as Wilson
and RGESolver J. Aebischer et al. (1804.05033), S. Di Noi et al. (2210.06838)
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