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outline

still work-in-progress

mysteries from last general meeting solved

new understanding about role of beam polarization



framework for Higgs coupling determination at e+e-: SMEFT

Leg = Lsm + AL

&
= LM —|—Z Adi_40i

Barklow, et al, arXiv:1708.08912;
Durieux, et al, arXiv:1704.02333

Known: Y; - E LijC;
J
Yi: EWPO (9) + TGCs (3) + LHC Higgs (3) + ILC Higgs (12 x 2)

not known: how important is every measurement (Yi)?

what are the limiting factoring for determining
certain EFT operator / Higgs coupling?



framework for Higgs coupling determination at e+e-: SMEFT

Leg = Lsm + AL

&
= LM —|—Z Adi_40i

not known: how important is every measurement (Yi)?

what are the limiting factoring for determining
certain EFT operator / Higgs coupling?

solution: C; — E yZ]Y]
J

ci: including both EFT coefficients and Higgs couplings



solutions: validations

comparing uncertainties between global fit and my analytic calculation

0 = AX / X, in unit 104

pars.

6 (global
fitting)

6 (my
formula)

g g Vv gw gL
11.0 3.37 5.34 0.622 7.64
11.1 3.41 5.34 0.622 7.64

9.18

9.18

7.09

7.09

Vs =250 GeV; 2000 fb-1; P(e-,e+)=(0.,0.)




' : ' mysteries from last meetin
solutions: validations ysterl Ing

comparing uncertainties between global fit and my analytic calculation

A = AX, in unit 10-4

pars. CT 8cww 8cws 8CgB CHL CHL’ CHE CH
A (global ' o 21.3 9.30 21.4 4.39 5.34 8.56 198

fitting)

Almy g5y 21.6 9.30 21.6 4.39 5.34 2.65 150
formula)

Vs =250 GeV; 2000 fb-1; P(e-,e+)=(0.,0.)



myteries solved

iInconsistencies in two para. are caused by two bugs in global fit

my analytic calculation was correct



bug 1

Barklow, Fujii, Jung, Peskin, JT, 1708.09079

Equation (83)

1
5 C
2 Sw

ogr = —c20g + (1 + c2)d,

1, 1s2
—5( (8(‘1 w) + C'?U(SCW'B> + 5—2

w

(1+c °)(8cpR)

sign was missed in the code of fitting program

bug found by S.Jung & J.Lee (Seoul National U.)

ILC Higgs precisions become better,
e.g. g(hZZ) @ ILC250, 0.67% -> 0.56%



bug 2 Barklow, Fuijii, Jung, Peskin, JT, 1708.09079
Equation (88)

m2 m2
bL = ) {CQ (1 — 282 TZ)(SCVVW') + 2812”(1 — 28,3,)%(8614/3)

a factor of sin46,, was missed for cgg term in the formula

bug found by myselt

ILC Higgs precisions remain almost unchanged; but
circular ones become considerably better



solutions: validations

mysteries solved

comparing uncertainties between global fit and my analytic calculation

A = AX, in unit 104

pars.

A (global
fitting)

A (my
formula)

CT 8cww 8cws 8CeB CHL CHL CHE
5.21 15.5 9.30 15.6 4.39 5.34 2.65
5.21 15.6 9.30 15.7 4.39 5.34 2.65

CH

146

147

(BR(h->yZ) @ HL-LHC updated)

Vs = 250 GeV; 2000 fb-1; P(e-,e+)=(0.,0.)
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pars Grp e mw mz my It A gzerr Kaefr U'(h—vy) T'(h = ~vZ) oz

g 0.5 123 1 038 0 -0.38 0.026 0.77 -0.5 -0.00095 -0.0031 0
g -0.15 0.93 -0.30 -0.12 0 0.12 -0.0078 -0.23 0.15 -0.00095  0.00095 0
v -1 -0.23 -1 -0.38 0 0.38 0.014 -0.77 0 0 0 0
gw 05 0 1 0 0 0 0 0 0 0 0 0
gL 0 0 0 -05 0 05 0064 0 0 0 0 0
IR 0 0 0 -05 0 05 -008 0 0 0 0 0
97 13 0 26 05 0 -05 -0019 1 0 0 0 0
er 0 -0.74 2 -22 0 0.23 -0.040 -0.46 0.60 0 0 0
8eww 1 -2 2 0 0 0 -0081 0 1 00019 00063 0
8ewp 1 -2 2 0 0 0 -0081 0 1 0 0 0
8&pp 1 -2 2 0 0 0 -0081 0 1 00063 -0.0063 0
cr -0.5 0.092 -1 -0.38 0 0.38 0.014 -0.23 0.30 0 0 0
¢y, <05 -023 -1 -0.38 0 0.38 0.014 -0.77 0 0 0 0
CHE 0 -028 0 0 0 0 0 -046 0.60 0 0 0
cr 24 -11 -13 -23 -23 97 -018 -44 32 0011 0.027 -1

ghzZ) 45 76 79 0.066 8.9 -6.4 0.098 53 -24  -0.0059 -0.015

&
3

TABLE I. analytic formula for EFT operators and Higgs couplings.



solutions: examples

P(e-,e+)=(0.,0.)

0Gnzz = 4.50G g + 7.60e — 7.90mw + 0.0660m 7 + 8.90m;, — 6.401

—0.0986A; + 5.3097 cf — 2.40k 4.0 — 0.00596T
—0.0150T 7 + 0.500 1,



solutions: examples to see importances

P(e-,e+)=(-0.0,+0.0)

Sonz7 =11 B66B87TE23014030®41 @ .. x107*

N

Ozh

Ozeff h->yZ

Mmn Al KAeff



redundancy (iii): impact of beam polarizations

2 1b
AL="2(1+a)hZ,2" + =~ h Z,, 2"

v 2V

(s —m3z)

2m%,(1/2 — s2))

(CHL + C;{L) + kzomy + kpomy,

ar, = 0qgr, + 20myz — ov +nz +

aR:59R+25mZ—5U+772 — CHE-szémz-l-kh(Smh

(_
222()

SwCw (58— m%)

bL:CZ+(1/2_8%U) ; CAz
2
b = ¢ — 20T,

ole+e-->2Zh)/osm=1+2a + 5.7b

-



backup

16



g(hZ2)

g(hbb)

g(hcc)

examples

2 ab-1 8 ab-1
0.68% 0.50%
1.1% 0.64%
1.9% 1.0%

why?



Precision [%)]
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Integrated Luminosity [ab

why?



Precision Related to 2 ab™
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starting point: full formalism (23 parameters)

AL = %aﬂ(qﬂ‘@)a (®T®) + 2— (@t D 1o) (o' ﬁ ®) CG’\(cp‘fcp)

V2 V2
C 4q9q'c
g VW Stwe, W - 99 VB piiagiye B
mW mW
gaCBB

C
o' ®B,, B 1 g W e ape W W WP
mW myy

(' D #@)(Ly,L)

CHL L tra a
. L (@ D #9) (Lt L)

. _ full formalism
- ((I)T ﬁ“(f[))(e%e) ' 23 parameters

1

10 operators (h,W,Z,y): cH, CT, Cs, Cww, Cws, CBB, Caw, CHL, C'HL, CHE
+ 4 SM parameters: g, g, v, A

+ 5 operators moditying h couplingstob, ¢, T, YU, g
+ 2 parameters for h->invisible and exotic

+ 2 for contact interaction with quarks
20



—> decipher importance of every measurement

start with no beam polarization case
(almost no redundant observables)

21



solutions: (1)

1
WN\/< 5gW — §5GF—|—5TTLW
gw

1 1 1
d0qgr, = ——0 —ol'; 4 0A
gr 5 My + > l T l

/\/\g<
1 1 1
Z /\/V< 0gr = —=0mz + ol 0A,
/ > 27"

12




solutions: (2)

w+ w—- w& w-— w!- w_.
i P y ! A
y 2 "
1 1 1
gz = 1.30Gr + 2.60mw + §5mz — §5Fl | 53(5141 -+ 5gz7eff

dcwp = 0Gr — 20e + 20my — 0.0810A4; + 0K et¢




solutions: (3)

1
8cgp = 0Gp — 20e + 20mwyw — EéAl —+ 5I€A,€ff

1 1
| oT
159 77

5T
159 7“4

1
eww = oGr — 20e + 20my — 5514[ -+ 5’43A,eff

1 1
L T - 5T
598 77 T 159 74

1
6Z7 = 1.30Gp — 2.60¢ + 2.60mw — 5= 0A + 130K A ey

1 1
| o'~ oI
528 17 T 9gp 74
1 1
5ZW — SCWW 5ZA — —6F’W 5ZAZ — —5F’7Z

H28 290



solutions: (4)

¢y = —0.50GF + 0.230e — dmy — 0.380m z
—|—0.385Fl + 0.0145Al — 0.7755]2,6]0]0

cgr, = —0.50G g + 0.090e — ompy — 0.380mz + 0.3801
+0.0140A; — O.235gz,€ff + 0.35/@476]0]0

crp = —0.285¢ — 0.460g7 o5 + 0.600K4 ot ¢ (\



