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Found a Resonance

Resonance at ~ 126 GeV found

T

Karksruher nsttut 0r Technologie:
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Found a Resonance g\(lT
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I Properties of the Resonance

Characterize resonance [see e.g. Englert et al. , Artoisenet et al. ]
[Zeppenfeld et al. ; Choi et al. ; Godbole et al. ; Hagiwara, Mawatari, Li;
Englert et al. ; Ellis et al. ; Frank, MR, Zeppenfeld; Alves; Boughezal et al. ; ...]
= Spin
a spin-1 excluded by observing H — v~ [Landau, Yang]
m spin-2 disfavoured by exp. measurements (> 3o in ATLAS/CMS)
a = spin-0 v’
a CP
most general structure of HVH V¥ vertex: [Zeppenfeld et al. ]

THY = a;g"¥ + ap(py - P29*Y — Py PY) + aze Po Py ,P2,0
asz: CP-odd coupling — disfavoured by experiments

+» CP-odd Higgs (e.g. A% in 2HDM) a3 contribution loop-induced
CP-mixed Higgs: a; coupling to WW, ZZ proportional to CP-even admixture
(up to loop effects)
= constrain CP-odd admixture [Djouadi, Moreau]

a Couplings
— requires operator basis
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Parametrizing Higgs Couplings \\‘(IT

Karisruher Insitut for Technologie

Discrete quantum numbers (CP-even scalar) those of SM Higgs
Measured rates in reasonable agreement with SM expectation

m = Constraints on new-physics models [— next talk by Maggie]

m = SM(-Higgs) + X
a Effective Lagrangian — dimension-6 operators
[Buchmidiller, Wyler; Grzadkowski et al. ; Giudice et al. ; Contino et al. ; Passarino; Gonzalez Garcia et al. ]
m Renormalizable Lagrangian + non-decoupling dimension-6 operators
[Zeppenfeld et al. ; Duehrssen et al. ; Lafaye, Plehn, MR, Zerwas; LHC HXSWG]
Assumptions:
m single narrow resonance at ~ 126 GeV
= width negligible
= (c-BR)(ii = H— ff) = UrTr”

m tensor structure identical to SM
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I Generalized Higgs sector A\‘(IT

m Theory: Standard Model plus free Higgs couplings
Couplings from modified version of HDecay [Djouadi, Kalinowski, Mhlleitner, Spira]
m For Higgs couplings present in the Standard Model x = W, Z,t, b, T
e =0x — M (1+A8x)=gMkx (= A = —2 means sign flip)
m For loop-induced Higgs couplings x = ~, g
g — 5 (148 + Ax) = meg™

where gSM: (loop-induced) coupling in the Standard Model
ASM: contribution from modified tree-level couplings
to Standard-Model particles
A, :additional (dimension-five) contribution

Ratios & — % (1+ A,/,) = %
a Ratios 2* = Zu (1 + Ay ))) = S5y
Y g W= g

m Neglecting couplings only available from high-luminosity analyses

(9w Qf}}v, 9HHH> 9HHHH)
a Electro-weak corrections not yet relevant

for later consistency: QCD corrections scale with couplings, EW ones not
a Total width not directly measurable at LHC

Additional decays into “invisible” final states possible

— can be compensated by global scaling of cqlzprgngs

(- BR)(ii — H — ff) = "”;;f (o - BR)gy
H
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Higgs Width from Off-shell Measurements AT

Karisruher Insitut for Technologie

Consider process (pp —)gg — £re= ¢ ¢~ [Caola, Melnikov]
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I Higgs Width from Off-shell Measurements A\‘(IT

Karisr

Consider process (pp —)gg — £re= ¢ ¢~ [Caola, Melnikov]
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Higgs Width from Off-shell Measurements AT

Karisruher Insitut for Technologie

Consider process (pp —)gg — £re= ¢ ¢~ [Caola, Melnikov]
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I Higgs Width from Off-shell Measurements (cont.) AT

Compare results from on-shell and off-shell Higgs region
= determine 'y

19.7 b (8 TeV) + 5.1 fb" (7 TeV)

ATLAS: 'y < 20 — 32 MeV
(29 — 50 MeV exp.) @95% CL

CMS: 'y < 22 MeV
(33 MeV exp.) @95% CL

(FSM = 4.1 MeV)

Limitations:
m higher-order corrections to continuum diagram unknown
«» large K-factor ~ 2 expected (— range in ATLAS results)
= new-physics effects can modify on-shell and off-shell region differently
e.g. dim-6 operators like Z,Z*0OH
or additional scalars contributing in the loop [Gainer et al. ; Englert, Spannowsky]

= not model-independent
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I Higgs Coupling Results AT

m Large part of SFB ...

6 -z My = 161 GeV (before December 2011)
B il : [LEPEWWG Juli 2011]
(5) 1
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Higgs Coupling Results AT

Karisruher Insitut for Technologie

3 9 ¢

Sitter L=4.6-4.9 b, 68% CL: ATLAS + CMS
3 VR T T * a Two years ago ...
6L =0 (144 | (Moriond 2012)
@ SM exp.
5 = data 4 1
W=Z data
4t i
3t ]
2t i
L 4
1} i
& 1 1 ] 1 | 1
0 ® ? % [ 2 ! ?
I 1
N
ral

R

best-fit point from Markov-chain Monte Carlo
Error bars: 5000 toy MC, 68% CL coverage
horizontal lines: +20%

[see also Carmi et al. ; Asatov et al. ; Muhlleitner et al. ; Giardino et al. ; Ellis et al. ; Farina et al. ; Bechtle etal. ; ...]
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I Higgs Coupling Results AT

for Technologi

':79"”“' L=4.6-5.1(7 TeV)+5.1-5.9(8 TeV) fb ™!, 68% CL: ATLAS + CMS a Discovery
@ SMexp. 9= M (144 (ICHEP 2012)
»®= data
1F data (+A,)

0.5

0£ - JERIW N

% %Y %%
a best-fit point from Markov-chain Monte Carlo
m Error bars: 5000 toy MC, 68% CL coverage
m horizontal lines: +20%

[see also Carmi et al. ; Asatov et al. ; Muhlleitner et al. ; Giardino et al. ; Ellis et al. ; Farina et al. ; Bechtle etal. ; ...]
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Higgs Coupling Results AT

Karisruher Insitut for Technologie

Sfitter || - 5 1 o . .
" |775+12' 20+1'0 fbo '(7+8+'1.96 "I'eV),'GS/e'CL. A'TLAS+;CMS'+Teva'nr0n a AH already very precise

SM
1 : ::::Xp' Ox = Ox (1+Ax) 4 a Av-A/ also
data (+A,) well determined
05 4 E
; *EH | s
05} 1
4 %Y %eY %Yy LYY,

a best-fit point from Markov-chain Monte Carlo
m Error bars: 5000 toy MC, 68% CL coverage
m horizontal lines: +20%

[see also Carmi et al. ; Asatov et al. ; Muhlleitner et al. ; Giardino et al. ; Ellis et al. ; Farina et al. ; Bechtle etal. ; ...]
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Higgs Coupling Results AT

Karisruher Insitut for Technologie

wofitter = - -1 0/ . .
" I775+12'20+1'0 fb’ '(7+8+'1.96 "I'e\/),'68/e'CL. A'TLAS»:CMS?-Teva'mon a AH aIready very preC|se

SM
11 : S exp O =0y (1+4,) | a Ay-Af also

data (+A,) well determined

m all couplings SM-like
within errors

I 4 o I B - m ratios:
0 | | | no improvement over
l' direct measurements
%

0.5

but less assumptions

1Y %LLY % 1Y LY

a best-fit point from Markov-chain Monte Carlo
m Error bars: 5000 toy MC, 68% CL coverage
m horizontal lines: +20%

[see also Carmi et al. ; Asatov et al. ; Muhlleitner et al. ; Giardino et al. ; Ellis et al. ; Farina et al. ; Bechtle etal. ; ...]

M. Rauch — Higgs Fits Advances in Computational Particle Physics Sep 17, 2014 8117



Higgs Coupling Results AT

Karisruher Insitut for Technologie

wofitter = - -1 0/ . .
" I775+12'20+1'0 fb’ '(7+8+'1.96 "I'e\/),'68/e'CL. A'TLAS»:CMS?-Teva'mon a AH aIready very preC|se

SM
1 : ::::Xp' Ox = Ox (1+Ax) 4 a Av-A/ also
data (+A,) well determined

m all couplings SM-like
within errors

I 4 | | - m ratios:
0 | | | no improvement over
l' direct measurements
%

0.5

but less assumptions

1 m g, possible
A, ~0

1Y %LLY % 1Y LY

a best-fit point from Markov-chain Monte Carlo
m Error bars: 5000 toy MC, 68% CL coverage
m horizontal lines: +20%

[see also Carmi et al. ; Asatov et al. ; Muhlleitner et al. ; Giardino et al. ; Ellis et al. ; Farina et al. ; Bechtle etal. ; ...]
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Higgs Coupling Results

Duter|L_5+12-20+10 o (7+8+1.96 TeV), 68% CL: ATLAS+CMS+Tevatron a Ay already very precise
1rF : ::::Xp- 9x = Ox (1+Ax) 4 a Av-A/ also
data (+A,) well determined

m all couplings SM-like
within errors

I 4 o I B - m ratios:
0 | | | no improvement over
l' direct measurements

0.5

but less assumptions

1 m g, possible
A, ~0

% T %9 ¥ Y9 LYY, Standard Modellike Higgs
a best-fit point from Markov-chain Monte Carlo
m Error bars: 5000 toy MC, 68% CL coverage

m horizontal lines: 20%

[see also Carmi et al. ; Asatov et al. ; Muhlleitner et al. ; Giardino et al. ; Ellis et al. ; Farina et al. ; Bechtle etal. ; ...]
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Results from Experimental Groups A\‘(IT

Karisruher Insitut for Technologie

ATLAS Preliminary Total uncertainty 19.7 b (8 TeV) + 5.1 6" (7 TeV)
my = 125.5 GeV +10  +20 CMS
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I 2HDM interpretation

A not only scaling factors

= Interpretation of A in terms of 2HDM [Lopez-Val,Plehn,MR]
Yukawa-aligned 2HDM — 5 relevant parameters: sin o, tan 8, vp, v+, My
1+ Ay sin(8 — «a) ) )
T A, cos o Direct mapping between
st ) 2HDM parameters and A possible
T+ 80 N 093(1#%;
14 A, _% Constraints:
—Ir
1+ AP [ f(sina,tan 8,75, vr, Mk) a [1+Ay <1 , ,
due to sum rule Zing? = IWVHgy
08[ @ diectt measured data — BSM loop corrections
oo} 3 b
ol = aigned Hom consr) " Ay =47z S .
- Breaking possible by adding Higgs triplet
02 14 — custodial symmetry breaking
oIt X3 +> strong experimental constraints
02 JUEE SN m no invisible decays
04 — add dark singlet
-0.6
08 m ignore model-specific exp. limits
R ¢ 3 g 7

— Good agreement between constrained A fit and 2HDM interpretation
= can serve as consistent model for fully flexible fit of Higgs couplings
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I Effective Field Theory

Assumption: new physics is heavy

Classic example: p decay — Fermi theory (t-channel W integrated out)
vy I
1

w H e

7,

AN]
D
g
Il
o

= Effective Lagrangian

-
£= Lou+ Lerr = Lo+ 33 20l
a>4 i

m operators O contain SM fields only
m respect SM gauge symmetries
= suppressed by 1/A9—* (A: scale of new physics)
— keep only leading order (lowest dimension d = 6)

a building blocks:

a Higgs field ¢

m (covariant) derivative 8*, D*

a field strength tensors G**, W*¥, B*¥

a fermion fields
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I Effective Operators for Higgs &‘(lT

Relevant operators for Higgs physics s i Todroioe
[Buchmuller, Wyler; Hagiwara et al. ; Grzadkowski et al. ; Corbett et al. ; Pomarol et al. ; ...]
[recent reviews: Wackeroth (ed.), MR et al. ; Englert, Freitas, Muhlleitner, Plehn, MR, Spira, Walz]

[ Higgs—gluon [ Ogs = 7o tr{G*} [ SM Higgs phenomenology
Higgs—vector boson (1) | Og1 = (Dg)T 0T (D) custodial symmetry violation
Ogs = (D)1 (Dp)dT
Higgs—vector boson (2) | Ouw = ¢T W?p, Ogg SM Higgs decays h — ~vv,~vZ
Opw = ¢TBW¢> custodial symmetry violation
Ow = (Dg)' W(Dg), Op
Higgs—fermion (1) Oip = (¢Tq5 (LoR) corrections to Yukawa couplings
Ot = o1’ D ) IyL), Opay neutral current contributions
Oz = qb’f(i?%)(lw—aL) neutral/charged current contributions
Higgs—fermion (2) Ogp = ¢L(cB)R, Og4w, Oy | electric/magnetic moments
Higgs self-coupling Oy = 318(¢T @) 2 weak boson fusion, decays h — VV
Ogs = 1|pT o Higgs self-interactions

<> equations of motion

— different operators may lead to same physics
<> electro-weak precision observables from LEP

— some operators strongly constrained
— relevant operator basis

Oca, Oww, Ogsi Og2, Ogz; Orp(f)

M. Rauch — Higgs Fits Advances in Computational Particle Physics Sep 17, 2014 12/17




EFT in Higgs Sector AT

Karksruher nsttut 0r Technologie:

[Corbett, Eboli, Gonzalez-Fraile, Gonzalez-Garcia]
Allowed regions at 68%, 90%, 95% und 99% CL using ATLAS, CMS and Tevatron data
as well as indirect constraints

- Tevatron+LHC+TGV

T 40

3

,Z 30

S

= 20 4
o Fit with fofumfusfefe and f,=0]
oL 3]
0 [ E
2045 1 05 0 05 1 15 2 25

fo/ N [TEV

stars: global minima
marginalization over undisplayed parameters
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I From Coupling Factors to Distributions

— need distributions to disentangle different operator structures s s e
contributing to the same Higgs vertex

[Biekétter, Knochel, Kramer, Liu, Riva; see also e.g. Ellis, Sanz, You]

alogm (Pp — WH)
incl. c.s. pr > 200 GeV

ow(m, /A?) ow(mfy, /%)
T e e T T S ‘

\‘
001 k
0.00 ,\\
:

0.01

0.00

—0.01

—0.021

—0.03

—0.04 ! n i
-0.04 . . . . —0.04 —0.02 0.00 0.02 0.04

cww(mé,/A?) cww(mé, /N2)
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I Future Precision A\‘(".

What to expect for Higgs couplings in the future?
[Snowmass report; Englert, Freitas, Mihlleitner, Plehn, MR, Spira, Walz]
Scenarios:
® LHGC / high-luminosity (HL) LHC: 14 TeV, [ £ = 300 / 3000 fo~"

a efTe linear collider (LC)/ HL-LC:
250+500 GeV/250+500 GeV+1 TeV, [ £ = 250+500 fb~'/1150+1600+2500 fbo—"
(other et e~ collider scenarios comparable in first approximation)

["coupling [ LHC [ HL-LHC [ LC | HL-LC ]| HL-LHC + HL-LC |

RWW 0.09 | 0.08 0.011 | 0.006 0.005
hzz 0.11 0.08 0.008 | 0.005 0.004
hit 015 | 0.12 0.040 | 0.017 0.015
hbb 020 | 0.16 0.023 | 0.012 0.011
hrr 0.11 0.09 0.033 | 0.017 0.015
Py 020 | 0.15 0.083 | 0.035 0.024
hgg 0.30 | 0.08 0.054 | 0.028 0.024
Pinvis — — 0.008 | 0.004 0.004

deviations on Higgs couplings, accuracy at 68% CL
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Effective New Physics Scales \‘("'

[Englert, Freitas, Muhlleitner, Plehn, MR, Splra Wa\z] e
Effective new-physics scales A* extracted from coupling measurements
2
|4

Ay =— 2‘;\21‘;2 — 227A§[Vm] , etc.
— | HC
35 B — HL—LHC T
3t HL-LC T
. o5l HL-LHC+HL-LC |
>
= 21 1
< 1-5 L -
1 L p
> " || II| I '
o LU 1 | | I | ul

-

e e %
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I Conclusions

m Great confidence that “a Higgs particle” has been found
— spin-1/ spin-2 alternatives excluded
= Look for deviations in couplings

m Models:

a SM plus free Higgs couplings
assumes operator structure equal to SM

m Effective Field Theory with dimension-6 operators
allows for different operator structure
— differential distributions (not used yet)

good agreement with SM expectation
a Future:

Prospects for LHC (300 or 3000 fo—') look good
Limited by exp. systematics and theory errors

high-precision analysis at lepton collider possible
— per mill range for many couplings

= Precise test of new-physics contributions possible
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Backup A\‘ (".

Karisruher Insitut for Technologie

Backup
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I SFitter
Algorithms:

ob -
= Weighted Markov chain - Itté‘f

m Cooling Markov chain (~ simulated annealing)

Karksruher nsttut 0r Technologie:

= Modified gradient fit (Minuit) [Lafaye, Plehn, MR, Zerwas]
a Grid scan [Eur.Phys.J.C54:617-644,2008, [arXiv:0709.3985 [hep-ph]]]
a Nested Sampling [Skilling; Feroz, Hobson] [JHEP08(2009)009 [arXiv:0904.3866 [hep-ph]]]
Errors:
. 1.8 a—
a three types: 1o X
a Gaussian — arbitrary correlations possible 14
(— systematic errors) 12
a Poisson 1
m box-shaped (RFit) [CKMFitter] 08
0.6
m assignment as in exp. studies 04
. . N o 0.2
m adaption to likelihood input easy o
Output of SFitter: R —— oo ety

a fully-dimensional log-likelihood map
a one- and two-dimensional distributions via

a marginalization (Bayesian)
a profile likelihood (Frequentist)

a list of best points
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Higgs Production Channels
99 _ AT
Where have we been looking? Karaume st s Techologie
Main production channels of Higgs boson:

PR ; ; ———:
. g Ns=14 TeV 3¢
a gluon gluon fusion = 1%
g 153 ¢
¢ . £ H
L 110 E
7 a B
2 ]
a vector boson fusion °© ]
q q
W,z 1 3
h 3
w,z |
' a" |
m associated production with 107
gauge bosons ‘ S
o s 100 200 300 400 500 1000
My [GeV]
' . ' . . z 7w |
m associated production with 5
top-quark—anti-quark pair s
A /
t 107
H
N B 107
! % 27 07 o0

M. Rauch — Higgs Fits Advances in Computational Particle Physics Sep 17,2014 20117



Higgs decay modes \\‘(IT

Karisruher Insitut for Technologie

a H— vy
a loop-induced coupling by (mainly) W and ¢

a small branching ratio (< 0.2%) . 3 1oL ATLAS Proimnary
a clear peak, background can be subtracted via £ 1208 4 paa S8 Woigied
sidebands £ o T o ot o
a Higgs mass measurement up to 100 MeV oF 2
aH—-27 405 7 Teu, fLara 810"
« " . 20 f-gTov, fLat-207'  Hoyy 3
a “Golden Channel” due to four-lepton final state o wE ; 3
@ g
® H— WW | AL S
" H — 7_7—. W 100 110 120 130 140 150 @ ‘;ln
m need to reconstruct invariant mass of the two taus o CMS preliminary
— most sensitivity from vector-boson fusion K . Dam 7TV 511
- o = ?:Z‘ZZGGSV V5=8TeV:L=1961
a H— bl? . - £
a main decay mode for light Higgs bosons &

a hard to extract from QCD backgrounds
a WH/ZH production with boosted kinematics plus
possibly jet substructure analysis looks promising
[Butterworth, Davison, Rubin, Salam]
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I Higgs decay modes

a H— vy
a loop-induced coupling by (mainly) W and ¢
a small branching ratio (< 0.2%)
a clear peak, background can be subtracted via
sidebands
a Higgs mass measurement up to 100 MeV
a H—>2ZZ

a “Golden Channel” due to four-lepton final state

a H—- WW
a H—-r77

m need to reconstruct invariant mass of the two taus 10%¢
— most sensitivity from vector-boson fusion

a H— bb
= main decay mode for light Higgs bosons 10° 405120740 760 780 200
a hard to extract from QCD backgrounds My [GeV]
a WH/ZH production with boosted kinematics plus
possibly jet substructure analysis looks promising
[Butterworth, Davison, Rubin, Salam]

Branching ratios

— 126 GeV ideal value for testing different modes
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I Spin and CP-Properties

2in(L, L)

2In(E, I2,)

19.4 1o

'(8TeV)

Karksruher nsttut 0r Technologie:

60 CMS (preliminary)
—-®-CMSdata - - - Median expected
50 mo:ic  MES:t0 .
40 Wot20 WS 20
0"£30 S130
30 .
20 other Spin-CP
10 combinations
0 hh.-hh hhh Hh h disfavoured at
-10 3 o level
-20
N e v T o - o T v v v
R A S B S S S
588 5535488455568 % 5%,
ATLAS
w o Data
ous a7 e 51 B pTov L 1978 FooTa BTG e
a7 ToV.L e 51 0. (E 8 ToV, Lu 197 1 v CL, expected
e — o o  assumingd’=0°
©F Hmoin o @ Farwfamre 0510
of 0s% Fe30 H o WW . evpvivey
oot
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s . .
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f EENEE
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10°!
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Parametrization A\‘(IT

Definition of scaling factors: o
m scale SM Higgs couplings to particle i/ with additional factor ;
—»g=r-" =c¢-gM=(1+4) g™
m 5 relevant couplings at tree-level: W, Z, t, b, 7

m x for 2nd-generation fermions equal to corresponding 3rd-generation one
(i.e. k¢ = K¢, unless explicitly stated otherwise)

m loop-induced couplings: 9g, v, Zvy

m deviations induced by changes in tree-level couplings
m new physics contribution can appear at same loop-order as SM
— allow for additional contributions

slight difference: [SFitter; Cacciapaglia et al. |
k-~ does not disentangle effects
from changes in tree-level couplings and new-physics contributions in loops

= Definee.g. vy, =1+ ASM + A,
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I Parametrization (cont.) \\KlT

for Technologi

Possible solutions:
® measure only ratios of k; Nj= %)
/)
® assume no new decay modes

®ry <1,kz<1;duetol; >0
= lower and upper bounds on «;
depends on accuracy of xp, = practical relevance?

m build lepton collider

Scenarios

Fitting all possible couplings (kw, rz, kt via GF, kp, k7, Ky) _
(k¢ via ttH and kg via GF not possible at the moment — {tH not yet sensitive)
Specific scenarios defined
m Common scale factor [« |
K=Kt =Kp=Kr =Ky =Kz
a Scaling of vector boson and fermion couplings

Ky = Kw = Kz, Kf=FKt=FKp=FKr

a Probing custodial symmetry

Kf = Kt = Kp = Kr
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I Relation to full models A\‘(".

Coupling shifts break renormalizability
m QCD corrections factorize — still applicable
a electro-weak corrections small (O(5%))

— not relevant at the present stage

Two-scale problem:
a first scale (125 GeV): light Higgs
m second scale: UV completion
— effective theory between first and second scale

like all effective theories
if significant deviations established — look for full model

<> Interpretation of A in terms of full model possible . ..
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Theory Fit Combinations
Fits using Moriond/Aspen 2013 results or later

1.6

541220410 fb" (748+1.96 TeV). 68% CL: ATLAS+CMS+Tevatron

1| g e Ge= 03" (148 1.4
data (+A)
1.2
0.5
“
1 (] o1
ola a4 HI i
LEL & H | 1| [ 0.8
05 T i 0.6

GhY,

[Plehn, MR, Klute, Lafaye, Zerwas] [Belanger et al. |

GLOBAL Combination

0s
c
/ 00 . oo 9
Signal Strength Fit
[March 2013]
2
05

1)

04 06 [Ellis, You]

ey

[Djouadi, Moreaul]
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I Extrapolations — LHC

What to expect from the LHC in the future?
Precision on «:

AT

Karlsn

[ATLAS/CMS;

0.3 _
= ATLAS 300 fb ! own compilation]
0.25} : X-M_S}.\s 2885% 1 | dark shading:
' CMS 3000 b’ I current syst/theo unc.
02} I {  light shading:
ATLAS: no theo unc.
0.15} X I 1 CMS: theo unc./2,
I I I syst unc./v/L
01t ] I I I |
! ! noal
oost Il N1 |
oL UL , , : :
W % % 4 47 4 4

cf. expected deviation in BSM models: O(5 — 10%)
Difficult question — requires many assumptions:

m detector performance — pile-up, efficencies, ...
m theory progress — higher-order corrections, PDFs, ...
a new analysis channels

M. Rauch — Higgs Fits Advances in Computational Particle Physics

[Gupta, Rzehak, Wells]

Sep 17,2014 27117



I Coupling Precision from Lepton Colliders AT

Karksruher nsttut 0r Technologie:

[Snowmass Higgs working group report]

Measurement Precision
Measurement Precision

:

TLEP]

H
g
1)
<

CLIC1400
CLIC3000

1LC1000-up

Significant improvements expected from lepton colliders

Again: improvement from theory side necessary
(plots assume 0.1% error on BR
<> LHC HXSWG values in few percent range)
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I Combining LHC and Lepton Colliders

AT

Karisruher Insitut for Technologie

[Snowmass Higgs working group report]

[Input: exp. groups, Combination: SFitter]

LHC HL-LHC LHC HL-LHC HL-LHC HL-LHC HL-LHC
coupling +ILC +ILC +ILC Lumi-up | +ILC Lumi-up +CLIC +ILC Lumi-up +TLEP
+CLIC +CLIC
Iy 20— 2.0%| 1.9 —-2.0%| 1.1 — 11%| 1.1 — 1.1%| 44 —7.3%| 0.9 — 1.0%| 1.1 —1.2%
BRiny 0.8 — 0.8%| 0.8 —0.8%| 0.4 — 0.4%| 0.4 — 0.4%| 22 —3.9%| 0.4 — 0.4%| 0.5 —0.5%
Ky 24 — 27%| 1.4 —25%| 2.0 — 2.2%| 1.3 — 2.0%| 1.8 —3.4%| 1.2 — 2.0%| 1.2 —1.6%
Kg 13— 1.3%| 1.2 —-13%| 0.8 — 0.8%| 0.8 — 0.8%| 1.3 —2.0%| 0.6 — 0.6%| 0.6 — 0.6%
KW 05— 0.5%| 04 —0.5%| 0.3 — 0.3%| 0.3 — 0.3%| 1.1 —1.9%| 0.3 — 0.3%| 0.3 —0.3%
Kz 06 — 0.6%| 0.5—0.6%| 0.3 — 0.3%| 0.3 — 0.3%| 1.1 —19%| 0.3 — 0.3%| 0.3 — 0.3%
K 13.8 — 14.2%| 8.0 —9.2%| 99— 99%| 70— 7.8%| 52 —6.0%| 46 — 47%| 40— 41%
KT 15— 16%| 0.9 —1.4%| 09 — 0.9%| 0.7 — 0.9%| 1.3 —2.3%| 0.7 — 0.8%| 0.5 —0.6%
K¢ 16 — 1.6%| 1.5—1.6%| 09 — 0.9%| 0.9 — 0.9%| 1.4 —21%| 0.7 — 0.7%| 0.7 — 0.7%
Kp 0.8 — 0.8%| 0.8 —0.8%| 05— 0.5%| 0.5 — 0.5%| 1.1 —1.9%| 0.3 — 0.3%| 0.4 — 0.4%
Kt 28 — 2.9%| 24 —26%| 1.9 — 1.9%| 1.7 — 1.8%| 3.5 —45%| 1.7 — 1.8%| 3.2 —3.8%
[ A, [ 25— 28%] 1.8 —26%] 20— 22%] 15— 2.1%| 2.8 —46%] 14— 2.0%| 1.7 — 2.0%)|
[ Ag 38 — 3.8%| 3.3 3.6%| 25—  25%| 2.3~  24%| 41— 48%| 21 —  2.3%| 4.0 — 4.7%]
range: LHC systematic & theory errors improved or at current level
Precise determination of Higgs couplings possible
— per mill range for many
— allows testing for BSM physics
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Effective New Physics Scales
| e Phy | ST
Effective new-physics scales A* extracted from coupling measurements e Teonote

equations of motion:

Op = (¢T¢)(Z¢R) Ops = —0p2 + Z(.VOLR +he.) - 1 8\(;;/1)
Ouo = 310(0T9)|? 2
o 2 Zﬂ!qﬁ( {G)2|} Og = *% Opw — 1EOBB - % Op1 + Ooz - gT Z (YLOLi1 + YRORR)
GG = tr
Oww = ¢T W2¢ OW:—%Osw—%Oww—%ZOM'F Op2 — = ¢ ZOLLG
— 4TB2
Osp = ¢'B°¢ apply to get f — ' with £, = f; = f;, =0
ve f] v2
ermions f Ny — N[
v2 v2
WW, ZZ : Ay =——=f, 2————
’ VT Topz a2 7 SN[V
AL v2 41672 P L4 v2
99 TN g 9@ (g 2N3[GC]
_ o v2 2.16n2 fgg 4 frny 1 V2
Ty Ay = e Y I Tl
Tone ¢, 2 ¢y 2A2[WW/BB]
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