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global SMEFT fit & roles of measurements

e \When mgsm >> mew, all the SM
measurements can fit into a SMEFT

framework, providing coherent tests of
BSM physics

e A global EFT fit involves many fitting
parameters and many input
measurements, making the accurate
understanding of roles of each
measurement increasingly difficult

SMEFT

e Roles of EWPO / TGC / Beam
polarizations / Top EW couplings for
Higgs coupling determination @ e+e-

this talk: get highly recognized

O a brief recap on qualitative & quantitative understanding (backup)
& a new way of more transparent understanding



classical way of evaluating roles of measurements

e do global fit numerically: vary certain input measurements,
and see how the precision of Higgs couplings vary

e hard to figure out synergies among multiple (>>2) measurements

—> |s there a more transparent way?
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[Bambade, et al, arXiv:1903.01629]
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[de Blas, et al, arXiv:1907.04311] .
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a new way for more transparent understanding

can we solve the global fit analytically?

we would like to express the uncertainty in a Higgs coupling (Ag)

analytically in terms of the uncertainties in observables (AO)

e.g. Aguxx =140, & A0, ® :A0; O -

(all in physical quantities; should be EFT basis-independent)

as an intermediate step, we must get first the expression for

the uncertainties in Wilson coefficients (Ac)



basic notations (I)

C. i=12,..n Fitting parameters (Wilson coefficients)
n = number of fitting parameters

vy, 1=12,..m Observables (deviation w.r.t. SM values)
m = number of observables

y. — VC ]: 1929"'9n v.. known from
l

l] -
1]~ ] i=1.2....m theory computation

iN matrix form

y: column vector of yi, m x 1

y — VC c: column vector of ¢j, n x 1

V: matrix of vijj, m x n



basic notations ()

iIN matrix form

y: column vector of yi, m x 1

y — VC c: column vector of ¢j, n x 1

V: matrix of vij, m x n

measurements
E covariance matrix for all observables vy
Y
A7 0 . 0
| | | 0 AZ . 0
which can be diagonalized E, =
0 0 . A2

where Ai is measurement uncertainty for yi



global fit

minimizing
2 _ JITr-1
x =y EJY
— (;TVTE; We =c¢!'De
O VkiVkj
D = VTEy—IV (1,)) element dl-j = Z A;%]
k=1

D-1 is exactly the covariance matrix of fitting parameters

global fit = how to obtain D-' = how to invert VTEy_l\/

numerical solution is easy, e.g. Barklow et al,1708.09079; 1/08.08912
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global fit: analytic solution

D=V'E;'V

global fit = how to obtain D-' = how to invert VTEy_l\/

Vi mxn
dimensions: Ey: mxm D:nxn
Vi:nxm

* if m =n, namely there is no redundant measurement

solution is easy:
D' =VIE(V)™

V is invertible, otherwise global fit doesn’t converge



analytic solution: application of non-redundant case

for unpolarized e+e- at 250 GeV, there is almost no redundant measurement

(except W-fusion vvh, angular Zh; either small contribution)

1
5thZ — 5502}1 + 645Fl + 535gZ,€ff — OOIS&RJ/Z — 2‘45KA,eff + 895mh + 00985141 + .-

plug in measurement uncertainties for current EWPO + 2 ab-1

=41 @ 66 D30 P 23D 141l G 8TD--x107*

importance

O EWPO hierarchy

TGC

BR(h->y2Z)
Higgs mass




analytic solution: application of non-redundant case

* if m =n, namely there is no redundant measurement

D' =V IE,(V))™
the expression in previous slide can be abstracted as

n | Vi)
n 7 12 Z "
| Vi 5 A3

» Tk . 2
= |V | Cr | Vil
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global fit: analytic solution for general case (m>n)

12
2
y > AR
A Cl — >
ZCZH | Vi |
2
L A?
L= {119129"°9ln} 5 = {Sl’SZ’.“’Sn—l}
n-combination of {1,2,....m} (n-1)-combination of {1,2,...,m]|
n n—1
A= 14, as=]]a,
i=1 =1
VL n x N matrix formed by Rows L of V VlS n-1 x n-1 matrix formed by Rows S of V

& eliminating Column j
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summary

developed a new way for more transparent understanding which
is based on analytic expressions in terms of meas. uncertainties

applied to non-redundant case: clear synergies among many meas.

stay tuned for applications to redundant cases (of high interests:
polarizations; multiple ECM; multiple Higgs prod. channels)
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backup
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global SMEFT fit @ future e+e-

|[Barklow, Fuijii, Jung, Peskin, JT, arXiv:1708.09079]

A
AL = %aﬂ(q)’fcp)au(@’fé) (@ D re) (@t U, @) C;‘z (®1P)?
vV
1
9 W oo W 99'cws sit@we B
mW mW Warsaw” basis,
2 Grzadkowski et al,
9 CBB d'®dB  BH . 9° C3W6 . Wa Wbu 1A/ P arXiv:1008.4884
mW v m%V abc
.C - a a
25 parameters i L (ot T r®)(Ly,L) gif? (®1te D #®) (L, t°L)
in total v ”2
IN TOla
HE (@t T Ho) (eye) - ®: higgs field
(% W, B: SU(2), U(1) gauge

L, e: left/right electron

e most of the non-trivial relations come from 7 operators

Cy |
Car, Chr CHE
Cww CwB CBB
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recap 1: absolute Higgs couplings (unique role of inclusive ozn)

C
%fga“(@q))aﬂ(cpfcp)

C
ga“hauh > renormalize SM Higgs field

h > (1-ch/2)h

> shift all SM Higgs couplings by -cn/2

® CH can not be determined by any BR or ratio of couplings

e cy has to rely on inclusive cross section of ete- = Zh,
enabled by recoll mass technique at e+e-

(precision of hZZ, hWW ~1/2 Ach) ”



recap 2: role of Electroweak Precision Observable (EWPQO)

i—— (®T 3] “®)(Ly,L) +(cyrs Cygp)

ete- = /hh ete- = /h /-pole

o very useful EWPO at Z-pole: ALr, z—ee

e /-e-e couplings can also get helped by ozn: 80znh ~ S/Mm?2;
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recap 3: roles of Higgs measurements at (HL-)LHC

2
g Cww a apy
Z OTeW e, W +(Cpp> Cwp)

5F(h — }/}/) — — CH+122(86WW — 16CWB + 8CBB) + *ee

5F(h — ZZ*) —_ CH - O4(8€WW + 3.7CWB + O.6CBB) + .-

e |oop induced h = yy/yZ depend strongly on cww/Css/Cws
e very useful measurements: BR(h — yy/yZ) at (HL-)LHC
BR(h — yy) BR(h — yZ)

R = _ use ratio of BR to keep
44 BR(h — ZZ*) 2 BR(h — ZZ*) model-independence
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recap 4. role of beam polarizations

P(e-, e+)
(-0.8, +0.3)
(+0.8, -0.3)

(0, 0)

h
Cww
/
0o = —Cp -
0OR = —CH -
dog = —CH -

/
- CHL T ChL
A
CHE

V's=250 GeV
- IO(Swa) -+ 27(CHL -+ C/HL) + .-
- 1.6(8cww ) + 2.1(cHrr + Cyr) + - -

— 66(Swa) T 16(CHL -+ C/HL) + .-

e or has much weaker dependences on cww & CHL+CHL’
(suppression of chiral new physics effects)
-> results in better determination of cH

e redundant o in turn improves cww, CHL+CHL’
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recap 4. role of beam polarizations

Z /
- CHL t CHL
WW h
7 A

CHE

with ILC inputs v $=250 GeV

[Ldt @ P(e-, e+) Acy A(car+cul’) | ABcww) AcHE
2 ab @ (0,0) 148 9.2 14 4.0
2 abl @ (+0.8,-0.3) 106 9.2 14 4.0
1ab' @ (+0.8,-0.3) 104 5.95 12 3.
| 1ab? @ (-0.8,+0.3)

2 ab1 @ (-0.8,+0.3) 245 9.23 14 4.0
5 abl @ (0,0) 134 8.84 13 3.1

A in unit of 104
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role of top-quark EW couplings arXiv-2006. 1463

6—|— "/ €+
t t
\ 7
e H e H
O = (31D, 0)(1") 0% = (@' D20)(Qv'7°Q) O = (Qo™t)®B,,

 NLO effects from top-quark operators are very important for

Higgs couplings determination

e top-quark EW couplings measurements @ (HL-)LHC are

invaluable for future e+e-

see talk by Martin Perell6 @ top/EW session today

20
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roles of Triple Gauge Couplings (TGC) in e+e- = WW

499'cwn
<I>Tta<1>W“ B
mi; +(Cww» Cgp)

e+te- = WW

h— 2/ CZ—ZWZW Gz = 2 (8cww) + 252 (8cwn) + sb/cZ(8chp)

e |ongitudinal modes of W/Z are from Higgs fields

e cws/cHl' /caw helped by meas. of TGCs in ete- =& WW
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Higgs couplings are related to themselves

AL = %@h@“h — %mihz — (1 + np) Aoh® + @h{)’uha“h
(V)
2m? _ m? _
+(1 4+ nw) UWWJW “h+ (1 + nWW)U—gVWjW Hp?2

+(1+ nz)m—zzZuZ“h + %(1 + 77zz)m—22ZZuZ“h2
+w W W™ ’“’(h + ;hz) + 1CZZ Z“”(h + ;Zi)
rgCudde (4 37) + a2 (3 512).
(SM structure: kappa like) (Anomalous: new Lorentz structure)
nh=5X+6v—ch+c6 On = cu
Nw = 20myy — 0v — %CH w =0Zw = (8cww)
nww = 20mw — 20V — cg Cz =047 =c(8cww) + 252 (8cwn) + s5/c (8¢caB)
Nz = 20mz — ov — %CH —cr Ca=10Z4 = s2((Beww) —2(8cws) + (8czs) )
Nzz = 26mz — 200 — e — Ser Caz = 0Zaz = suew((Beww) — (1~ °2)(Sews) — % (5es))

w w

e //Z/nNWW/hyZ/hyy highly related: SU(2)xU(1) gauge symmetries
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role of each measurement: more transparent understanding

for example: unpolarized e+e- at 250 GeV

1
5thZ — 550'2}1 + 645Fl + 535gZ,€ff - OOIS&R},Z — 2°45KA,eff + 895mh + 0098514[ + *e°

Ozh . Cross section of e+e- -> Zh
AY Al T . Ar and ['(Z->1l) at Z-pole
0X = ~ Ozeff, Kaeff - Triple Gauge Couplings
Ryz . BR(h->yZ) /| BR(h->ZZ7%)

Mhn . Higgs mass
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role of each measurement: more transparent understanding

for example: unpolarized e+e- at 250 GeV

plug in measurement precisions for current EWPOs + 2 ab-1

1 1 1
08 jpiy = 553% — EéBWW + 55% —5.796T, — 0.0166T",, + -+

=28 @ 91 @ 41 & 59 @ 32 ®---xX 1077

BR(h->WW)

Ozh EWPOs

BR(h->bb) BR(h->y2)



role of each measurement: more transparent understanding

for example: unpolarized e+e- at 250 GeV

plug in measurement precisions for current EWPOs + 2 ab-1

1 1 1
08 e = 55Bcc — E5BWW + 55% —5.796T, — 0.0166T",, + -+

=160 @ 91 @ 41 & 59 @ 32 & ---x 107
|

BR(h->cc)

BR(h->WW)

Ozh EWPOs

BR(h->y2)



global fit: analytic answer

correlation between ¢i & ¢;

20



global fit: analytic solution

D= VTEy‘ Iy
global fit = how to obtain D-' = how to invert VTEy—IV

 what if m > n, namely there are redundant measurements?

some hints from n=1,2,3 cases,

e.qg., it n=1 (only one parameter c)

1_%\/,? 1.1. I1
AN Ay A, A

cm
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global fit: analytic answer

uncertainty of each fitting parameter: reorganize

ZC,T ‘VL‘z o
1 L A% Zn 1
o i 12 — i 12
ACiz ZCIT—I Vs I chl—l Vs A_z
S A% S vV, 2 %
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