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Higgs Physics T.Barklow

Michael Peskin often references a talk by Lev Okun that he heard at the 1981 Lepton-Photon
Conference in Bonn, Germany. Okun declared 1n his summary talk that the #1 problem

in particle physics was to search for and study the Higgs boson. Okun emphasized

the dichotomy between our detailed knowledge of particle interactions based on gauge
symmetry and our ignorance of mass:

Gauge principle / Vacuum structure *
Maxwell’s W, Z mass
equations Quark masses
Quantum and mixings
numbers CP violation
Parity
violation L, B violation
W, Z boson
Asymptotic @ Dark energy
freedom
Standard Model is Standard Model is
all-powerful Dark matter ? impotent

* From Michael Peskin's talk at HPNP 2015 Toyama Japan i



Deviation in Higgs Couplings

The size of the deviation depends on
mass the scale of new physics.

Decoupling Theorem: A - SM

Example 1: MSSM (tan[3=5, radiative corrections = 1)

Ma
2
(1 TeV
ghbb  _ _Ghrt ~ 14 1.7% ( )
Jhsnbb GhsmtT ma
heavy Higgs mass
Example 2: Minimal Composite Higgs Model
2
(1 TeV
IhVV ~ 1 —8.3% ( )
rnh JhspVV f

composite scale
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Fingerprinting new physics by measuring Higgs couplings Shinya KANEMURA

Other p-1 possibilities o 2HDM
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Indirect reach of heavy MSSM Higgs mass scale by measurements of Higgs BR’s at future LC Mitsuru KAKIZAKI

Heavy MSSM Higgs Mass Reach (Luminosity Upgrades)
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[ILC Higgs White Paper; ATLAS (2014); Morinaga, JPS 70" Annual Meeting (2015)]
e The indirect reach through the Higgs coupling measurements
can be higher than the LHC direct observation limits

e The indirect reach of the MSSM heavy Higgs boson mass can
be significantly extended, compared to the tree-level results
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Loop level analyses started and it helps!



Endo
How large can deviation be?

lepton colliders have a chance to probe multi TeV scale

small At solutions all At solutions
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Re = t5 ) Sensitivity might reach a few TeV!
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Key Point

At LHC all the measurements are oxBR measurements.

At ILC all but the 6 measurement using recoil mass technique is
oxBR measurements.

...... H 0% an X T(H — AA) =Ty - BR(H — AA)
BR # 9
coupling

WW-fusion is crucial
for precision total
width measurement

— Ecm > 350GeV

—+ j—

c A%
\WY%
I'H \ez/H
total width /W&
c A%

120 130 140 150
Mrecoil (GeV)

+

C Z /’ H _>X
’ . from recoil mass
_ Z M
¢
W Z—qq is also usable.




Leptonic Higgs Recoil Mass Study with ILD at 350GeV  Jacqueline YAN

Higgs recoil study using e+e- 2 ZH =2 p+u-H
Summary @ ECM =350 GeV (and 250 GeV)
« studied impact of ECM and polarization on model — independent measurement of ZH xsec
« contributes to deciding ILC run scenario and detector design optimization

< Preliminary results > « ECM= 250 GeV has better Ac/c by 17%

350 GeV: (-0.8,+0.3) Ac/o0=4.1 % w.r.t. ECM=350 GeV
(+0.8,-0.3) Ac/0=4.5%

« (+0.8,-0.3) has 10% worse Ac/ o
250 GeV: (-0.8,+0.3) Ac/c=3.5 % better S/B, but lower statistics
: "0, . = . o

(+0.8,-0.3) Ac/oc=36 % .

Higgs mass precision is worse at ECM=350
GeV by a factor of 3

*xsec precision improved significantly (by ~ 17 %) from AWLC 2014 (350 GeV, (-0.8, + 0.3)

- signal bias is minimized i.e. prevent Higgs decay mode dependence

Plans % analysis for ECM = 500 GeV is ongoing
** implement similar methods to Zee channel

so we can get a more reliable comparison of ECM = 250 GeV vs 350 GeV

% study systematic errors on/Higgs mass measurement

New! 350GeV analysis + improved cuts
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Hadronic Higgs Recoil Mass Study with ILD at 250GeV  Tatsuhiko TOMITA +

Summary and Prospects
summary C

Using categorization, the difference of cut efficiency is
suppressed at most ~ 7 %.

Stat. precision is about ~ 2.5 % which 1s almost the same as
leptonic channel (ILC Higgs White paper’s results)

In worst case, the stat. precision is less than 4.0 % (ozH)

significance stat. precision
250 GeV (-0.8,+0.3) 250fb" 38.00 2.6%
250 GeV (+0.8,-0.3) 250fb"! 41.80 2.4%
350 GeV (-0.8,+0.3) 333fb"! 30.10 3.3%
350 GeV (+0.8,-0.3) 333fb! 3l.10 3.2%

prospects
cut optimization for 350 GeV (flavor tagging, cut variables---)

Investigate the systematic uncertainty in both Ecwm.

Decay mode-dependence being reduced!

13



Branching ratio study of Higgs boson decaying into tau pairs with ILD at the ILC Shin-ichi KAWADA

Summary

We evaluated the measurement accuracy of
BR(h — 777 7) with using ILD full detector simulation
at 250 GeV and 500 GeV.

A(o X BR

250 GeV, 250 fb' 3.4% 144% 11.3% 32.4% 3.2%
500 GeV, 500 fb'! 4.6% 252% 17.8% 6.9% 3.7%

(250 GeV, 250 o)
+ (500 GeV, 500 fb-1): 2.4% (Combined)

now summarizing into a paper and PhD thesis...

Update to mh=125GeV almost completed!



Higgs Projections Junping TIAN

ILC500 GeV & 1 TeV

' update of Higgs self-coupling analysis

(see two talks by M. Kurata and C. Duerig)

B o el new: analyses of all modes now are
9 02 -_—ZHH ISR nutuiltmsidered aﬂIiiin:{iltpairin'gﬁ i updated with MH:1 25 GeV
- O Sk riemelt 1 (confirmed previous extrapolation).
E | = ZZH/Z ISR not considered no ISR (evis > 495GeV)_
!5 015 _—ZEHFZISchnmdered | -
C

0.1F | 1 | 20% improvement seen in HH—>bbbb

3 ] | mode.
0.05 F ﬂ | 4 | 5-10% seen in HH—>bbWW" mode.
0 | tool of matrix element method has been

M(H1) [GeV

impact of overlay remains to be improved.

Various analysis improvements!
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Higgs Projections Junping TIAN

. AHHH I Electroweak Baryongenesis
Can be 51gn1f1cantly enhanced — good for measurement using ZHH @ 500 GeV

Eﬂﬂ
] gﬂginn where EW E 20 ]
1 R()— i— baryogenesis is @ 7
: expected < ILC: ZHH @ 500 GeV 4
= 1 = 40 - -1 "
= 160+ . 7st order EWPT 2 P(e 6)=(-0.8,+0.3) f Ldt=4 ab .
E < 30PN :
= 140 - Minimum value of - \ -
0 ] Higgs salf-coupling - -
e for EW baryogenesis [ .
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m -
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s} 3 — vwwHH @ 1 TeV y example: ]_f .}'\.HI—H—I = 2/)\5]5,-{

ozua enhanced by 60%; Axun and interference
diagram become more dominant comparing
irreducible diagram; AA /A improved by a factor of 2

Aauna will be measured to 14% — 70

discovery —> more than 30 deviation from SM

ZHH-vwvHH complimentary




Top Quark Physics  Marcel VOS 4-loop mass formula

A very precise measurement of the top quark mass,,Am, ~ 50 MeV,

can be extracted from a threshold scan
+ A as < 0.001 (not competitive with world average)

+ AT < 30 MeV (translate to constraint on V,,)

+ A y /vy, ~ 4.2% (if a precise value of o_ is inserted, otherwise 35%)

Note that one has to read several articles and contact a few people to assemble a correct and complete LC prospect

— produce a single authorative source for this prospect...

= . . .
£ B Matrix element on di-lepton final state
5 1F ILC, {s=500 GeV, L=500 fb"’
E : Khmem, Kou, Kunbaw, be Dhberces, Prolang new physcs wsing lop quark polimcadion i the oo - i process al fubeoe Lewse Colldess, o Xee 1503 04247 [huga-pah]
= L
= -1
i LHC, is=14 TeV, L=3000 fb GRACE six-fermion process without narrow-width approximation
i Phys.Rev.D71 (2005) 054013 (no ISR, no single top, no hadronization, no detector)
B Phys.Rev.D73 (2006) 034016
Show feasibility of kinematic reconstruction of the di-lepton final state: e’e —~tt —+ ["vl'vbb
10
- Optimal analysis extracts all ten form factors — simultaneously — from angular distribution
- using the (LO) matrix element
i [Re 6F),, RedFi RedF], RedFZ Redk), RedFE Redk], RedFf ImdF], ImiFf]
L 00037 —018 —000 4014 46D —0.15 i i il i
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‘]0 z . LS EEINN =1L 1] L] ] i]
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L (LGS 015 0 i
L 0118 il i
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u I 0.0100 |
Sub-% precision. Note 0 correlation F2A with CP-conserving form factors
10 3 Lepton+jets final state, with same optimal ME extraction, yields factor two better precision
T 7 7 T’ 7
l:1'l.,l' F"I.F F'I."-. FE"..-' F}_".l'

Simultaneous extraction of all form factors!
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Running Scenarios



Integrated Luminosities [fb]
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—HWW  for SM case.
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—Hgg ILC parameter WG report  Jim BRAU

-ty Most couplings reach <1%
even with model-independent
fitting
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500 GeV vs. 550 GeV
& ttH

-
o

—

Scaled to value at 500 GeV

—
<
-

e b by e b e by e
480 500 520 540 560 580 600
Energy (GeV)

550 GeV is 2.4 precision improvement over 500 GeV
Failing to achieve 500 GGeV loses reach quickly
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Work In progress

Update ILC physics performance for H20
taking into account new results

(350 GeV analyses, mh update to125GeV,
various analysis improvements)

Note: H20 >> Snow

Stay tuned!



Backup



Assumptions

e Full calendar year is assumed to be 8 months at a 75% efhciency (the RDR
assumption). This corresponds to Y = 1.6 x 107 seconds of integrated
running. (significantly higher than a Snowmass year of 107 seconds.)

e A ramp-up of luminosity performance is in general assumed after:
e (a) initial construction and after ‘year 0’ commissioning;
e (b) after a downtime for a luminosity upgrade;

e (c) a change in operational mode which may require some learning
curve (e.g. going to 10-Hz collisions).

e For initial physics run after construction and year o commissioning, the RDR
ramp of 10%, 30%, 60% and 100% is assumed over the first four years.

o The ramp after the shutdowns for installation of the luminosity upgrade is
assumed slightly shorter (10%, 50%, 100%) with no year o.

o Going down in centre of mass energy from 500 GeV to 350 GeV or 250 GeV is
assumed to have no ramp, since there is no machine modification.

o Going to 10-Hz operation at 50% gradient does assume a ramp (25%, 75%,
100%), since 10-Hz affects the entire machine.

e A major 18 month shutdown is assumed for the luminosity upgrade.
e Unlike TDR: 10-Hz and 7-Hz operation assumed at 250 GeV and 350 GeV

J. Brau/ILC Parameters Jt WG - April 21, 2015 4



H1ggs mass

Fundamental o
parameter of SM, = f
important to know in 1204 —totaluncertalntynggsRecm]MasS ********
own I‘ight 100 o statistical contrlbutlon 1

Higgs decay partial

width dependence on
mj, requires 20 MeV
mp precision to
achieve desired 0.2%

On partial Widths 0 "\.'\"\-'L 1w o ma | li- tmoa|m ] -i- - -\--\-j--\--\-J-j-l-%-h-i-h-\.-\. -i.-\. mlomls -i. -\.-\.-\.-i.-\.-\.-\..
200 400 600 800 1000 1200 1400 1600 1800 2000

int. lumi / fb™

e Higgs recoil from Z — pp (expect 1 MeV systematic uncertainty)

e Note - direct reconstruction at 500 GeV in h — bb and — WW shows
similar level of promise
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