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Global Fit of Higgs data

Projected precision at the CEPC > Overlay 95% regions:

Yang Zhang 5K [H

Global Fits at CEPC

240 GeV, 20 ab~!|  360GeV, 1 ab™ oz X Br(h — bb) —1+2%014%
ZH | vwH | ZH | vwH | eeH oSM X Br(h — bb)SM T S
inclusive ~ |0.26% 1.40%| \ | \ _
H—bb 0.14%| 1.59% |0.90%|1.10%|4.30% Ozt Br(h = cc) —1+2x2.02%
Hsce 2.02% 8.80% | 16% | 20% oo X Br(h — cc)>M
Hosgg 0.81% 3.40%4.50% 12% |
HoWW  |0.53% 2.80% | 4.40% |6.50%
H—7Z 4.17% 20% | 21% » Global fit:
Horr  |0.42% 2.10% | 4.20%|7.50%
H—~vy  |3.02% 11% | 16% —2InZ = )(2
H — pp 6.36% 41% | 57% o, X Bi(h — c?) 2
H—Zy  |8.50% 35%
Brupper (H — inv.) |0.07% _ ozit X Br(h = co .
T 1.65% 1.10% (0.14%)? |



Introduction

» What is global fit?

» Perform a statistical fit to all available data.

Individual likelihood functions Simplistic: overlay 95% regions Better: combine likelihoods —2In L
1. w .0 - 18
S 16
— 08 7 > - > i
5 5 5 O° 14
o O
- i 12
g 0.6 g 0.6 g 0.6 0
© (4] ©
204 204- 204 8
() () () - 6
8 8 8
s 0.2 s 0.2 s 0.2 -4
- 2
0.0 0.0 0.0 0
0.0 0.5 1.0 0.0 0.5 1.0 0.0 0.5 1.0

Model parameter x Model parameter x Model parameter x

e Parameter estimation: given a particular theory, determine which parameter combinations fit all
experiments, and how well.

@ Model comparison: given multiple theories, determine which fit the data better, and quantify how
much better.
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Introduction

> Why global fit?

Combined 95% confidence intervals

Contains true value:

Five measurements
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“In the SM fit including the direct Higgs searches,
we find M, = 116%%3 GeV”.
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Direct search vs. Higgs fit at CEPC

Direct search 19
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J. M. Yang, Y. Zhang, P. Zhu and R. Zhu, H. Li, H. Song, S. Su, W. Su and J. M. Yang,
arXi1v:2211.08132 arXi1v:2211.08132
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H. Li, H. Song, S. Su, W. Su and J. M. Yang,

(lobal fits of SUSY arXiv:2211.08132
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GAMBIT, arXiv:1705.07935, arXiv:1705.07917,

(lobal fits of SUSY arXiv:2203.04828
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GAMBIT, arXiv:1705.07935, arXiv:1705.07917,

(lobal fits of SUSY arXiv:2203.04828

1
» GUT scale MSSM Lsofe ~ Mh, 4|Hual® + mFFy + 5

ml/zG G +AOFchu,dﬁl + *e°

o CMSSM: mo M2 7.1 X 10’ samples
o NUHMI: mg + Méu,d, Méu = Méd 9.4 x 107 samples

o NUHM2: mg + Méu,d, Méu + Méd 1.2 X 10° samples

1
2

» Weak scale MSSM Lsofe ~ My, y|Hyal* +m} FF; +

~M;G;G; + Ag F{ Hy gF; + -+

o MSSM-7:tanf, A, =A,=A, =0, 1.8 x 10° samples

except fOI’ (Au)33 —_ Al/t3’ (Ad)33 — Ad3’
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GAMBIT, arXi1v:1705.07935, arX1v:1705.07917,

(Global fits of SUSY arXiv:2203.04828

» Present constraints:
e DM abundance (upper bound)
e DM direct det. (8 experiments)
© DM indirect det. (Fermi-LAT, lceCube79)
e EW precision (W mass, muon g-2, ...)

(old one)
o 59 flavor observables

e LHC Higgs data, SUSY searches, ...

» 5 nuisances:

e local DM density, nuclear physics parameters, top mass, strong coupling.
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GAMBIT, arXi1v:1705.07935, arX1v:1705.07917,

(Global fits of SUSY arXiv:2203.04828
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» Profile likelihood ratio in planes of the CMSSM
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(Global fits of SUSY
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» Two new regions, sbottom co-
annihilation region and light
higgs funnel region, appears.

The best fit point is located in
chargino co-annihilation
region.

It is hard to distinguish
between chargino co-
annihilation region and A/H
funnel region by Higgs
measurements.

Moreover, both negative and
positive mu are found in the

95% CL region.
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(lobal fits of SUSY
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GlObal ﬁtS Of QHDM Provided by DiNE:

2HDM: Brief Introduction

Soft breaki fZ2
® Two Higgs Doublet Model %a Ing o }

A A
V(®1,®9) = m? ®1d; + m3, o1 P, —@32(@{@2 + h.c.)+ T (®]®1)° + ?2(@;%)2
1

2 As(@]02)% + huc|

+= (1D T e ! A DD —\( Hard breaking of Z2 J

+A3(DT D) (DI D) + Ay (B Do) (BLD1) +

bF V2 4 v = v* = (246GeV)?
;= :
(i + 60 +iGi) [V tan 8 = v, /vg

HY [ cosa sina qb(l) A = —-Gisinf + Gocosf
h' |\ —sina cosa o9 |’ HF = —¢; sinfB + ¢5 cosf3
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GlObal ﬁtS Of QHDM Provided by DiNE:

BSM S M
Ri = Yhis / hii
Model Ky B Kd Ky
2HDM-I | sin(f —«a) cosa/sinf3  cosa/sinf cos «/ sin 3
————— 2HDM-II | sin(# —a) cosa/sin ,8 —sina/cos B —sina/ cos 3
2HDM-L | sin(f —a) cosa/sinf3 cosa/sinf3 —sina/cos/f3
f||pped 2HDM-F | sin(f —a) cosa/sinf3 —sina/cosf3  cosa/sinf3

® Parameters (CP-conserving, Flavor Limit, Z, Symmetry)

m%l) m%z: Al) AZ) 13; A'/.l-; AS > _117, tanﬁ,a, mh, mH, mA, mHi
. . 2
Soft Z, symmetry breaking: m7, 46 GeV 195 GeV
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GlObal ﬁtS Of QHDM Provided by DiNE:

Exclusion ability : Study strategies

[ Experimental Observables: Ay ; J U;

[ Maximal likelihood: Ay? Absolute x? L
=0

/{\Q/\

QI. o.f.= free parangteé

W

BSM
A7)
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GlObal ﬁtS Of QHDM Provided by DiNE:

Model Ky ke Kd Ky

2 H D M o Tr L I 2HDM-I | sin(/ cosa/sinf3  cosa/sin 3 sin 3
. ee Leve 2HDM-II | sin(8 —a) cosa/sinf3 —sina/cosf3 —sina/cosf
« | 2HDM-L | sin(f —a) cosa/sinf3 cosa/sinf3  —sina/cos/
2HDM Type-ll 2HDM-F | sin(f —a) cosa/sinf3 —sina/cosf3  cosa/sinf
‘ Ca
50
' Alignment limit :
1910.06269
cos(B—a)=0 WS
ol g(2HDM) = g(SM)
5 .
- sin 1
“ b 1 = —=cos?’(B —a) —cos(B — a) x tan 3
= COS (v 2
£ M CEPC56ab™
1+ B HL-LHC 6ab™" COS ¥ 1 9 COS(B = a)
: . , 1 =——cos”(8 — a)
[ LHC Run-lII Slnﬁ ) tan B
05: Kb/r<0
O

-01 00 01 02 03 04 05 0.6

Yang Zhang 5K [H Global Fits at CEPC 17



Global fits of 2HDM

2HDM: Loop Level

Yang Zhang 5K [H

tanf

50

me = 1000, VAv? = 300 GeV

Provided by 75H

me = 1000 GeV

E 2HDM Type-Ii
| e
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3 .
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GlObal ﬁtS Of QHDM Provided by DiNE:

me = 800 GeV, VAv? =300 GeV 50
20 / AR 201
10 1 l‘\ 10-
5{ 5-
Q. : Q. -
4(.:% 2 1 E 7
1 - 1 -
| — Type-l | —
0.51 — Type-ll 0.5 —
— Type-L —
0.21 Type-F 0.2
0.1 — o1+
-0.4 -0.3 -0.2 -0.1 0.0 0.1 0.2 0.3 0.4 -0.15 -0.10 -0.05 0.00 0.05 0.10 0.15
cos(B — a) cos(B —a)

» Most of the currently allowed region permits a discovery at the CEPC and
HL-LHC

Yang Zhang 5K [H Global Fits at CEPC
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A.Bemiwal, E. Rajec, M. T. Prim, P. Scott, W. Su, M. White,
Gl()bal ﬁtS Of QHD M A. G. Williams and A. Woodcock, arXiv:2203.07883

» Preliminary results of the type- II 2HDM with GAMBIT

» Theoretical constraints, Higgs searches, EW physics and flavour constraints

Tt LI L B B 300
s / - Amy = my: — my
BR(Bs — /L+IL_) [ e v N -~ 250 GeV
1.5 O BR(b — s7) 1.5 200 -
© AMp N
N © Rx and R 5
1.0 o O Tree-level leptonic & semi-leptonic 1.0 — — oo ~p 100 GeV
N - B and D decays (see caption) "= - %
= - 3 N 2
§ 0 5 \ Nad 0-5 __' : E < _ Q
R ‘ & - = ' - £
= ! . — - A . S
0.0 | ( 0.0 | ' — 1001 AT
- , - - HLLHC
t\\ B i = __ HLLHC+ILC
-0.5 F —0.5 — _ ~200 - HLLHC+CEPC (5/ab™")
. e < - 5 HLLHC+FCCee
- — ' R . I R T N T R T T A T R R 300 . . . '
500 1000 1500 0 500 1000 1500 ~300 ~200 -100 0 100 200 300
mu: [GeV] ma|GeV] Ampy [GeV]

Amy = my — my
» There are strong constraints on the mass splittings from Higgs and Z-pole
precision measurements.
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From JiiZ5A s slides at the

Global SMEFT Fits CEPC Shanghai workshop

» Under the hypothesis that new physics has a high mass scale, the new fields
of any particular model can be integrated out, producing an effective
Lagrangian.

» Assuming Baryon and Lepton numbers are conserved,

) (6) § : (8) (8)

Ci J

120i - _4()1, + ...,
/

LsmerT = LsMm + Z A

» [t A > v, then SM + dimension-6 operators are sufficient to parameterize
the physics around the electroweak scale.

» Standard Model Effective Field Theory provides a good model-independent
framework to study the physics potential of the CEPC.
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Global SMEFT FltS Provided by Kkl 5

Operators in the Warsaw basis: Grzadkowski, Iskrzynski, Misiak and Rosiek, JHEP 10 (2010) 085

X3 ¢® and ¢*D? Y28 (LL)(LL) (RR)(RR) (LL)(RR)
Qe | fABCGAIGErGEr || Q, (plp)3 Qe (0'0) Terp) Q(zlz) (Lo yule) (L) Qee (€puer)(esrer) Qe (vl ) (Es77er)
G | FAECGIGEGSH | Qun | (¢Te)D(pMy) Quy (¢'9)(GurP) “ _(qpv,;qr)(qnym) Quu (up'vuur)(uw:uz) Qu | (Gyuly) @y )
VKWW IiewEn | Qup | (¢'D%0)" (¢! Do) | Quy (0'0)(@d ) :;z) (Qp’Y_uT qr)(ils’y 'q) || Qaa (dpyudyr)(dsy*de) Qud (Lpyulr) (dsy*dy)
leKW‘{uW‘;IpW’f\’y Qz? (Ll ) (@s7*qe) Qeu (Epyuer)(Usy uy) Qe (T Yuar) (€7 er)
Qg | Gt @ m'a) | Qea | (Eer)(dsydy) w | (Ge) @y u)

X2 P X

)
(1) - i (8) TA pA
Qud (up'Yu r)( s t) qu (%ﬁy qr) U7 ut)
)

(s

- (u
Qec W‘P?ﬁucmw Qew (lpfﬂ“’er)r’ch,fu sz) (ﬁ,,'y,,T u, (d ~HTAd,) Qf;fi) (qp'y;th)( yidy)
Qi | #0CuC™ | Qe | (o er)pBu Q% | @ T%a)(d:r"Td)
Quw | ¢leWi Wi | Qu | (40T ,)7GL, || Q. € (LR)(RL) and (LR)(LR) B-violating
QvW’ ‘Pt‘PW;quIW Quw | (Gpo “Wu )T 5 W;fu Sq) (¢! LDu )(‘Iﬂ"‘h) Qledq ([ger)(gsqg) Qe aﬁ"fejk [ de Tcuﬂ] [(q;yj)TClk]
Qs |  ¢'¢BuB” | Qus| (30" u)7B. b | (©'iD!¢)(@T"v"qr) QY| @u)en(@d) | Qua 87, [(q29)7 CgP*] [(u2)"Cel]
Q.5 o' By, B Qic | (Go**Td,)pGL, || Quu (sp'iBu @) (Y ur) QW | (@T4u,)ej(@Tdy) || Quaq e jnerm [(427)TC¥] [(@7™)TCI}]
Qown pirlp W,f,,B'w Qaw | (gpo*vd, )T’ ‘Pw,f,, Qypd (‘Ptin ) (d,y"d,) Q,(i;u (Ber)ejn(qhue) Qdu e [(d3)"Cuf] [(ud)" Cey]
Quvs | ¢TeWLB* | Qus | (30™d.)eBu || Quua | (' Dup)(and,) QD | (Bouer)en(@ o u,)

59 operators (+ 4 B-violating ones)

2499 operators: 1350 (CP-even) + 1149 (CP-odd) | No flavor assumptions are made. |
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Global SMEFT Fits Provided by 1.5

Quantity current | ILC250 | ILC-GigaZ FCC-ee CEPC CLIC380
Aa(mz)™t (x10°%) | 17.8* 17.8* 3.8 (1.2) 17.8*
Amyy (MeV) 12* 0.5 (2.4) 0.25 (0.3) 0.35 (0.3)
Amyz (MeV) 2.1 0.7 (0.2) 0.2 0.004 (0.1) 0.005 (0.1) 2.1*
Ampyg (MeV) 170* 14 2.5 (2) 5.9 78
ATl'w (MeV) 42* 2 1.2 (0.3) 1.8 (0.9)

ATz (MeV) 2.3 1.5 (0.2) 0.12 0.004 (0.025) | 0.005 (0.025) 2.3
AA, (x105) | 190 | 14(a5) | 15(@.8) | 0.7(2) | 15 | 64
AA, (x10°) 1500* | 82 (4.5) 3 (8) 2.3 (2.2) 3.0 (1.8) 400
AA; (x10°) 400* | 86 (4.5) 3 (8) 0.5 (20) 1.2 (6.9) 570
A Ay (x10°) 2000* | 53 (35) 9 (50) 2.4 (21) 3 (21) 380
AA. (x10°) 2700* | 140 (25) 20 (37) 20 (15) 6 (30) 200
- Ad%, (pb) | s | | | 00354 | 0.05(2) | 37
OR. (x10°) 2.4* 105 (1.0) | 0.2 (0.5) 0.004 (0.3) 0.003 (0.2) 2.7
OR, (x10°%) 1.6* | 0.5(1.0) | 0.2 (0.2) 0.003 (0.05) 0.003 (0.1) 2.7
OR, (x10°) 2.2 0.6 (1.0) | 0.2(0.4) 0.003 (0.1) 0.003 (0.1) 6
ORy (x10°) 3.00 | 0.4 (1.0) | 0.04 (0.7) |0.0014 (< 0.3) | 0.005 (0.2) 1.8
dR.(x10°) 17* 0.6 (5.0) | 0.2 (3.0) 0.015 (1.5) 0.02 (1) 5.6

Recent improvement after Snowmass2021 deadline not implemented.
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Global SMEFT Fits Provided by 1.5

Theory Requirements and Possibilities for the
FCC-ee and other Future High Energy and Precision
Frontier Lepton Colliders”

Alain Blondel (Université de Genéve), Ayres Freitas (University of Pittsburgh),
Janusz Gluza' and Tord Riemann (U. Silesia),
Sven Heinemeyer (IFT/IFCA CSIC Madrid/Santander, ECI/UAM/CSIC Madrid),
Stanistaw Jadach (IFJ PAN Krakow), Patrick Janot (CERN)

18 December 2018

Abstract

The future lepton colliders proposed for the High Energy and Precision Frontier set strin-
gent demands on theory. The most ambitious, broad-reaching and demanding project is the
FCC-ee. We consider here the present status and requirements on precision calculations, pos-
sible ways forward and novel methods, to match the experimental accuracies expected at the
FCC-ee. We conclude that the challenge can be tackled by a distributed collaborative effort
in academic institutions around the world, provided sufficient support, which is estimated to
about 500 man-years over the next 20 years.

Theoretical uncertainties are yet to be reduced, which are computationally expensive and
considered as well under control by the operation time and thus neglected in the global fit.
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Global SMEFT Fits

Yang Zhang 5K [H

Provided by 1

Presenting the results will be basis dependent. We choose to work in the Higgs basis to disentangle physics in different sectors

LoeA" Y Qi(fouf1+ fioufT)

f=u,d,e

| 3% WH V[UM(CSIJ+[5QE/E][J)6J+W“
- I AW tuso, (sgn

VoL 117

d; + h.c.

ezt S T, ((Tzf — 53,Q5)0rs + |01

f=u,d,e,v

+ \/g% + Q%Z“ Z ff()'u (—S?UQf(SI,] +

f=u,d,e
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Global SMEFT FltS Provided by Kkl 5

Without any flavor assumption, many flat directions exist. Low-energy observables are thus
included, and we focus on the complementarity in the following slides.

Process Observable Experimental value Ref. SM prediction
(1;)# —e~ scattering zg} _ggz; i ggi; CHARM-II [47] _32322 {i:}
2
7 decay GE?: 10029 £ 0.0046 PDG2014 [49] 1
Ez,f 0.981 + 0.018
R,, 0.3093 £ 0.0031 CHARM (r = 0.456) [50 0.3156 [50]
Ry, 0.390 + 0.014 0.370 [50]
Neutrino scattering B, 03072 0.0033 CDHS (r = 0.393) [51] 0.3091 [51
Ry, 0.382 + 0.016 0.380 [51]
K 0.5820 = 0.0041 CCFR [52] 0.5830 [52]
R,.. 0.40610132 CHARM [53] 0.33 [54]
(s2)Moller 0.2397 = 0.0013 SLAC-E158 [55] 0.2381 + 0.0006 [56]
Cs (55, 78) —72.62 £ 0.43 PDG2016 [54] —73.25 £ 0.02 [54]
Q",(1,0) 0.064 = 0.012 QWEAK [57] 0.0708 = 0.0003 [54]
- | A, (—91.1+4.3) x 10-° PVDIS [58 (—87.7 £ 0.7) x 106 [58]
Parity-violating scattering A, (—160.8 £7.1) x 10-© (—158.9 £+ 1.0) x 1076 [58]
o —0.042 + 0.057 SAMPLE (/Q2 = 200 MeV) [59] -0.0360 [54]
Jva = dva —0.12 +£0.074 SAMPLE (,/Q? = 125MeV) [59] 0.0265 [54]
bene —(1.47 £ 0.42) x 107* GeV 2 SPS (A = 0.81) [60] —1.56 x 107* GeV 2 [60]
—(1.74 4+ 0.81) x 107* GeV 2 SPS (A = 0.66) [60] —1.57 x 107* GeV 2 [60]
 olatization P, 0.012 + 0.058 VENUS [61 0.028 [61]
Ap 0.029 + 0.057 0.021 [61]
Neutrino trident production | —& (v, y* = vup™p™) 0.82 + 0.28 CCFR [62-64] 1
dr — uslv,(7y) €1t s pT See text [65] 0
0AS 2.0% 0.00015
AL 1 1.5% -0.0006
ete = ff SAT 2.4% SuperKEKB [66] -0.0006
SAS 0.5% -0.005
SAL 0.4% -0.020
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Global SMEFT Fits Provided by 12

[0 LEP + SLC + SLD + DO + LHC B +ILC (500 GeV, 1.6+1.6/ab) [ +CLIC (1500 GeV, 2+0.5/ab) I +FCC-ee (365 GeV, 1.5/ab)

> Unprecedented precision reached at the FCCee Lm0, 0arosm i CLC (0 Gev 03,054 mm rcCas (OGO Sab | mm rcErC 800 LD
machine (same for Higgs couplings)
» Still much room left for new physics generating
large 1st and 2nd (could be improved with o, and e
ep) generation Zqgqg couplings (possible tagging :
improvement with the help of Al (Chai, Gu, Li, T
2401.02474 for example)?) _ )
» Also much room left for 4-fermion operators at
FCC-ee or CEPC (same for top, see backup), mainly
due to the difficulty in telling the right from the left.
» Merging data from neutrino experiments (e.g. oo o
CEvVNS) can also make a difference. s
» Polarized option of CEPC? (CEPC TDR:
2312.14363)
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https://arxiv.org/abs/2312.14363

Global SMEFT Fits — CPV Provided by f1.55

— _ fABCFAvBp~Cu 't
:@G—f GG, G, :
[1

' 0,¢ = gngoGﬁyGA”” :
------ il hZZ
He hyZ

@(pB — (pTgoB,uvB w

_ _ KAl yKe TW-
Oy =€ Wﬂ W, Wp yw w (Statistically limited at OPAL)

ZWTW~

CEPC is well suited for both Zh and WW ™ studies!

Also helps V_, extraction by running at the W*W~ threshold.
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Global SMEFT Fits — CPV Provided by k-7

Using angular asymmetries of Zh and aTGC measurements for WTW~, the CPV parameters can be extracted, for which we use the optimal observable approach
(see backup) to improve the sensitivity

0.02

BN HL-LHC B+ ILC (500 GeV, 1.6+1.6/ab) mmm + FCC-ee (365 GeV, 1.5/ab) W= + CEPC (360 GeV, 1/ab)
10-1 B |LC (250 GeV, 0.9+0.9/ab) mmm FCC-ee (240 GeV, 5/ab) Bmm CEPC (240 GeV, 20/ab) 10-1

)
(@)
£
o

0.02 g 107
' )
>
o
o

L 1073
; S

CWB

0.00 s
m

1074

-0.02

Per-mille level precision reach
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Global SMEFT FitS Provided by B

<+ CEPC is an ideal precision machine for new physics studies, as studied model-
independently within the SMEFT framework.

< Unprecedented precision reach for Higgs and EW physics (except 1st gen quarks)

NG
%°*

New direction probe of CEPC for bosonic CPV operators, complementary to the LHC.

< Significant improvement on parameter space for specific models (such as leptoquark)

< Sensitivity reach increase with beam polarization at CEPC? How well in polar. control?
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Thank yo

Yang Zhang




