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Current SM Production Measurement at the LHC

e The Standard Model production cross section at ATLAS and CMS.

Standard Model Production Cross Section Measurements

Status: July 2026
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e The LHC has entered the era of precision physics, future experimental program 1s to

conduct high-precision measurements of variousSM processes, providing a unique

window into potential NP.
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Standard Model Effective Field Theory

LsMEFT = £é4) (’)(5) + 4 (9(6) +.

A A?

UV completion with large scale, decouples from the SM, no light particles
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Henning, Lu, Murayama, 1214.1837
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Operator Deluge

e SMEFT at dim-6: 59 operators for 1-generation, and 2499 for 3-generation.
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A complete coefficient determination is intractable without additional physical input.
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Traditional “one-operator-at-a-time” EFT analysis

e The constraints on Wilson coefficients at LHC:

Wilson  Includes 95% confidence interval [TeV—2] p-value (SM)
coefficient | Mgyg|? Expected Observed
cw |A* no [-0.30, 0.30] [-0.19, 0.41] 45.9%
yes [-0.31, 0.29] [-0.19, 0.41] 43.2%
Ew | A? no [-0.12, 0.12] [-0.11, 0.14] 82.0%
yes [-0.12, 0.12] [-0.11, 0.14] 81.8%
cawB/A? no [-2.45, 2.45] [-3.78, 1.13] 29.0%
yes [-3.11, 2.10] [-6.31, 1.01] 25.0%
Eaw /A no [-1.06, 1.06]  [0.23, 2.34] 1.7%
yes [—1.06, 1.06] [0.23, 2.35] 1.6%

e The constraints on Wilson coefficients at LHC:

A
ALoupn=(D,, ) (D* ) — M? ol — f(WP)Z T.D. Lee, 1973

+ (nu H'H +n, o'0)(H'@ + o' H)
— M(HH)(¢'0) = Xa(H@) (H'p) — Ms((H'9)* + (9T H)?).

John F. Gunion et al., 2003
G. C. Branco et al., 2012

ATLAS, 2006.15458

Operator Wilson Coefficients
Ow Cw = sratemare
Ouw Crw = =sstamz (A1 + o)
Ouws Crws = 352220

Ignoring crucial inter-operator correlation and risk overestimating individual sensitivities.
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Global Analysis

e (Global analysis on SMEFT operators
J. Ellis, M. Madigan, et. al., 2012.02779
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Interpreting high-dimensional results within a concrete physical context remains elusive.

Physically Informed Oper

Jian-Nan Ding

or Analysis Framework at the Precision Frontier



Assumptions of the Optimized EFT Analysis Framework

e Under the assumption that NP effects are perturbative, we truncate the SMEFT
expansion at dim-6, focusing exclusive on their interference terms.

LsMEFT = ﬁgl) AO(5) + A]2 (9(6) + .

E4
Tror O [Mios|* = [Msm|” + IM*MM +0 (A4)

e Rather than treating all operators simultaneously, we first identify a target operator
set relevant to a specific NP sector, pruning those already tightly constrained by
existing data.

Top-quark operators: (65, 0,y Opys}

qq9°

EWK bosonic operators: {Ow: Oy, Opg, Oy, Opp
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e Leading channel (LC): relevant SM process with A2 8: Leading

channel

large cross section and clean experimental signal:

Oobs = 0sM + 00(01,02). 2

llllllillllll]lllll

. . . Next-to-Leadi
When the measurement is consistent with SM: b channel 7
_ G C2 ] _4
00 = Oobs — OSM = UJF — bﬁ ~ 0. Blind dll;ecEion

lllll]

-8

Break this degeneracy and further constrain WCs? b, 1 /11,
-10 -8 -6 -4 -2

e Subleading channel (SLC): exhibits a distinct functional dependene€ on this two

operators, despite typically processing small cross sections.
mcy + ncg

A2

A secondary constraints is obtained in the absence of any g
SM 1n this SLC:

0 Osub —

Served deviation from the

mcy + neg ~ 0.

Either UV model does not manifest these operators, or the NP scale is sufficiently
large to remaining decoupled from current LHC reach.
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Identification of optimal LC/SLC pairs

e We categorize the selection logic into three representative strategies:
- Correlation of Operators Across Multiple Processes.

a > > c a

Different initial-state PDF's
% and
Distinct Kinematic regimes

b = = d c

- Operator Reduction via Higgs Field Backgrounds.

Oywp = H'7'H WI

7 2 (4 ) v\

NNV HKNANNANN - ==
mz

- Operator Expansion via Field Strength Tensors.
W = 9,W! — 9,W! — gl KWwIWK

Ow = VKWW Pwkn / \
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Single Top: Correlation Across Multiple Processes

e Single top and anti-top quark production:

q > > q' q > > q'

b = - t b -t

A
I

0P = (G, (@7 e,
Oww = (Go™ u,)T" HW,
Ong = (H TiDﬁuH (@™ v qr)

e The normalized contributions of operators:

0} O — O
oi=0y+ogp Ry=-, Ap=——
Of Or + OB
THE 1 -0.059 C) + 0.075 i + 0.060 Crgs, T = 0.9540.14
at—l—f 0t+f Exp
R 3) _
7= 1 —0.0308 C{¥) +0.0328 Cyw, ROl — 10035 LC
ArB _ 1 0.0033C) — 00349 Cury, =0.877+0.154 SLC
AFB =P

Qing-Hong Cao, Hao-ran Jiang, Guo-Jin Zeng, 2105.04464

Future Experimental efforts should prioritize improve measurements of Ay, as its

currently limited precision restricts the sensitivity to NP.
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Higgs Decay: Operator Reduction via Higgs Filed Backgrounds

0.2

||||||

e Electroweak bosonic operators:

Opwp = H'T"HW [, ,B",

Oup = (H'D*H)* (H'D,H), o
I Y R
QO
l H—wv
om%  virdmy m?
my, = — = 1-—%C C
Hom. m2 9 [ s m2 HwB + Cup

Y

2
%(1-66 Cuws + Cup), LC

-0.2

m%EP = 91.1876 £+ 0.0021 S. Schael et al., hep-ex/0509008 Cuwnb

H—h: h— vy, Zy, WW*(— 202v) SLC

/J,fyfy =1-14.3 CHW —49.8 CHB

+26.7Crwap — 0.0303 Cpp, poP ~1.04+£0.10  ATLAS, 2207.00348

pww+ =1 —0.0908 Cgw — 0.0303 Crp, o+ = 1.19£0.13  ATLAS, 2504.07686
pzy =1+14.9Chw — 14.9Cpp Hyzy ~2.2%0.7 ATLAS & CMS, 2309.03501

—9.91Cgwp — 0.0303 Cgp,
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Higgs Decay: Operator Reduction via Higgs Filed Backgrounds

vvvvvv

|||||||

¢ Since WW channel solely dependent on O, and O,

it anchors the additional direction induced by Op,. 0,2/
/'L’Y’Y =1—-14.3 CHW —49.8 CHB

Q
+26.7 Cwi — 0.0303 Cp, AU
pww+ =1 —0.0908 Cyw — 0.0303 Cprp,|
: W Hoyy
| W fzy
pww-Olo -\
e The orthogonality of correlation in Zy channel make o

this channel be crucial in lifting the degeneracy along

Mz~ = 1+ 14.9 CHW — 14.9 CHB

— 991 CHWB — 0.0303 CHD»

Z mass measurement defines the dominant blind direction,
vy channel provide sensitivity approximately orthogonal to
the blind direction, while WW* and Zy anchors the n b .
additional operator direction induced by O, and O;. o0 -0.08 000 005 0.10
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EWK Boson Production: Operator Expansion via Field Strength Tensors

e The operators relevant to aTGCs and aQGCs:
Ow = ' "EW, YW, PW EH,
Opwp = H'T'HW,,B*,

O b m m e e LR R ST R R P SRS RN SRR RS . - — —

e NP contributions to ZW and EWK — j;ZW through § o N
VBS channel:
502}V =[~0.833 Cyy + 2.052 Crws] b, LC o
5035, =[0.0082 Cw + 0.0064 Crw 5] b, SLC |
. EWKizZW
e Kinematic selection cuts for gauge boson productions: ~ * o 2 ‘

ZW production: n; =0, ng=3, p; >15GeV, p;, >25GeV, |n| < 2.5,
pf >20GeV, AR(fw,£z) > 0.3, AR(£z,47) > 0.2,
ImZ, — mz| < 10 GeV, mi;, > 30 GeV,
n; =2, np =0, pf > 40 GeV, |n,| < 5.0,
ne =3, p;, >15GeV, p;. > 25GeV, |n,| < 2.5,
pt >20GeV, AR(lw,£z) > 0.3, AR({z, £2) > 0.2,
ImZ, — mz| < 10GeV, m¥, > 30GeV,
Ny * N < 0, m;; > 500 GeV.

EWK — jjiZW :

ZW production first define the leading constraint and the associated blind direction,
while EWK — jjZW production provides the subleasing but complementary information.
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e Traditional EFT analysis with “one-operator-at-a-time” assumption usually ignore
the crucial operator correlation and risk overestimating sensitivities, while
interpreting high-dimensional results from global analysis within a concrete physical
context remains elusive.

e We propose an optimized EFT analysis strategy that identifies leading and
subleading channels for a given operator set, enabling precise and rapid constraints
on Wilson coefficients while lifting parameter degeneracies.

e We 1llustrate this EFT approach using three classes of processes: single top
production, Higgs decay, and multi-gauge boson production.

e Within the optimized EFT analysis framework, future experimental efforts should
prioritize precise measurements on Agg, vy and EWK — jjZW, which are crucial for
further constraining the relevant operators.

Thank you!
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Backup
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Higgs to VV Decay

Lh—yy = (Con + Comprr) MEw F,

Oem
C'Y'Y A'Y'Y
SM — 871 SM>»

2 2
C SMEFT — 'U(SWCHW + CWCHB
(Y
— swewCHrwB — ZCHDA&),

It is useful to express the SMEFT contributions as a

shift to the dimensionless SM amplitude, T F M T I‘mt
’Y’Y PSM
Agn = Adl + ASuerT (A4) 02 167w
=1- ?CHD + AT Cyy
with Aem g\
0 i =1-14.3Cyw —49.8Cyp
v T
Aduprr = = CupAsy + ——Coy. (AD) +26.7Crwp — 0.0303 Crp.

em

2 2
ny'y = SWCHW‘|‘CWCHB_3WCWCHWB-

2 3
ey My,

L(h = yy) = AR + Al ierr)?

2567302
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Collider Phenomenology 1in Gauge Boson Production

e Kinematic selection cuts in ZW production:

. . Basic Cut (fb) |Optimized Cuts (fb)
n; =0, ng =3, p; >15GeV, p; > 25GeV, Ine| < 2.5, Ow —1.064 —0.833
P, > 20GeV, AR(bw,lz) > 0.3, AR({z,07) > 0.2, Onwn 2.359 2.052
YA 5.862 3.133

e Kinematic selection cuts in EWK-j3ZW production:

nj =2, n, =0, p; >40GeV, [n;| < 5.0,

Basic Cut (fb)

Optimized Cuts (fb)

Ow 0.0171 0.0082

ne =3, p, >15GeV, p;. > 25GeV, |n,| < 2.5, Ouws 0.0133 0.0064
s, >20GeV, AR({w,£Lz) > 0.3, AR({z, £7) > 0.2, jiZW (QCD) 4.110 0.442
z " jjZW (EWK) 0.356 0.219

Imj; — mz| < 10 GeV, my, > 30GeV, 37727 (QCD) 0.198 0.014

Mir = Nz < 0, mj; > 500 GeV. 527 (EWK) 0.014 0.013
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LC/SLC framework at Quadratic Level

e The cut-flow for ZW and EWK-jZW production at quadratic level:

Ow? BaSi(é CZ};; (fb) Optimiz6e (;201uts (fb) Basic Cut (fb) |Optimized Cuts (fb)
|OH$B|2 5008 o Ow[* | 0.3166 0.1357
|Ow - Ouwsg|| —0.352 —0.254 |Onw B 0.0036 0.0020

e The operator correlation at quadratic level:

) — ——
| ozw
w EWK-jizw

e ————————————————— -————————————————————
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Experimental correlation matrix

e Single top and anti-top production channels:

e Higgs decay channels:

e Gauge boson production channels:
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PHW

p:

Paq
pqq-uW
| Pqq-Hq3 PuW-Hg3

PHB-HW
PHW-HWB PHB-HWB
. PHW-HD

Pqqg-uW  Pqq-Hq3
PuW

PHB

Pw
PW-HWB PHWB

PHB-HD PHWB-HD

1  —0.97 —0.19 |
puw-Hq3 | = | =097 1 —0.31
PHq3 _—0.19 —0.31 1 ]
PHW-HB PHW-HWB PHW-HD | 1 1 1
pup-uwB pHB-HD | | 1 1 1 -1
pawB pPHwB-HD | | 1 1 1 -1
PHD i _—1 -1 -1 1
pw-gws | _ | 1 0.99
0,99 1

—1 7




