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Priority No.1 = to realize ILC
What we need =
» clear physics case

Priority No. 2 = to realize ILD
What we need =
- detector design, which is cost
effective and technically
feasible, to realize the physics



Hurdles to clear



Interim Summary

http://www.mext.go.jp/b_menu/shingi/chousa/shinkou/038/gaiyou/1360593.htm

ILC Advisory Panel published an interim summary of their
discussions based on the reports from the two working groups
(Particle & Nuclear Physics WG and TDR Validation WG).

- The interim summary pointed out the following issues:

- Make clear scientific merits (not only precision studies of \
Higgs and top but also possibilities of hew particle - LCC

discoveries) that match the investment “°:W°rk‘1

- Monitor, analyze, and examine the development of LHC - | cc

homework 2

experiments. mewor®
- Solve remaining technological issues and mitigate cost risk.

- Get understanding from the general public and other scientific‘
communities. - LCC

homework 3



http://www.mext.go.jp/b_menu/shingi/chousa/shinkou/038/gaiyou/1360593.htm

LCC Physics WG & Parameters WG

Physics Case for the ILC
arXiv: 1506.05992, Jun.19, 2015

ILC Operating Scenarios
arXiv: 1510.05739, Oct.19, 2015

Implication of the 750 GeV
vy Resonance as a Case

Study for the ILC
arXiv: 1607.03829, Jul. 31, 2016

The Potential of the ILC for

Discovering New Particles
arXiv: 1702.05333, Feb. 17, 2017
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Homework 2: Monitor, analyze, and
examine the development of LHC
experiments.

S — | S

Homework 1: Provide a clear vision on
the discovery potential of new
particles

Homework 3: Get understanding from
the general public and other scientific
communities.

I
Home works from
MEXT ILC Panel



ILD has been the main driving
force to input physics
simulation results to LCC
Physics WG.



For the detector optimization,
we have been working on the
benchmark processes
selected with the two goals
and the 500 GeV machine In
mind.



J.Tian @ LCWS2015

benchmark processes for detector optimisation

process

physics
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Climate Change
since Morioka



Staging Discussion

- In LCWS 2016, Nov. in Morioka, it was agreed to start seriously
considering a staging scenario of the ILC to significantly
reduce the initial construction cost.

- 1st stage as a Higgs factory

- and later stages taking advantage of flexible energy
expandability of a linear collider.

- LCB/LCC is working on possible staging scenarios to build
consensus among the worldwide HEP community, discussed

intensively in this workshop.



The major parts (expensive
parts, in particular) of the
detector should be usable at

higher energies after
upgrades.

The current benchmark
processes are thus still useful
and should not be abandoned.

12



However,

no upgrade is expected to be included
in the budget request of the initial ILC
proposal, though upgrade possibilities
will certainly be mentioned.

Any upgrade will have to be proposed
after achieving the milestones for the

initial 250 GeV stage.

13



We need to make

the 1st 250 GeV

stage as attractive
as possible!




New Name of the
Gameis EFT



What is EFT?

For any amplitude consisting only of SM particles, we can
always series-expand it using (4+2n)-dimensional operators

as basis vectors.

If (9%/N\gs\?) < 1, we can truncate the series at relatively low

power of (q2//\BS,\,I ), where the momentum dependent
factors in the numerators (g?) come from the (4+2n)-dim.

operators:

Lepr = Lsm+ Z <A2> Zc,(4+2”)|0§4+2n)

¢

Lsnr +

(6) )(6)
ZC O;

[O§4—I—2n)} _ [E]2n

This is quite general, and the coefficients are still mutually

independent at this point.
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If you know the underlying BSM Lagrangian the expansion can be
obtained by integrating out the heavy degrees of freedom.

This relates the coefficients to each other, reflecting the symmetry
and the multiplet structure of the BSM Lagrangian.

Through precision EW measurements, we have learned that W, Z.,
and y are gauge fields of the SU(2)xU(1) EW symmetry, implying that
SUR2)xU(1) is the exact symmetry of the fundamental Lagrangian.

Therefore, the SUR)xU(1) symmetry must be respected by BSM.

— ([ 1\" n n
Legf = Lsm+ Y (F) N ot ot
n=1

1

R

1

Hence, independently of the exact form of the BSM Lagrangian,
Ci’s are now mutually correlated by the SU(2)xU(1) symmetry.
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M.Peskin, T.Barklow, J.Tlan, M.Perelstein, ...

Precision Higgs
Analysis with EFT




EFT Lagrangian Before EW Symmetry Breaking

L=Lgpy+ AL
(Bt (B t 5 ug) (pt CoA /gt
AL = waf (®12)9,(21®) + -7 (0! Dra)(@f T, @) - “(ala)
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+ 9 q;“r B“@)(%(ﬂ). Manifestly SU(2)xU(1) gauge invariant

(%

10 parameters of which G, only affects Higgs self-coupling analysis.
5 parameters to account for Higgs couplingto b, c, T, y, Q.

+ 2 parameters to account for invisible and exotic Higgs decays.

+ 4 parameters to account for the shifts of g, g’, v, and A
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EFT Lagrangian After EW Symmetry Breaking
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Coefficients, n’s, {’s, 8, are given in terms of C’s and hence
interrelated, for instance
1
W — —CH
" 2
1

12 = —gon or

which come to our rescue in I, determination at 250GeV where
the WW-fusion cross section is small.

Custodial SU(2) Symmetry
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There are many coefficients to decide.
But remember that W, and Z, are NGBs
from the Higgs sector.

We can use all kinds of SM processes
involving W and Z to constrain them!

— Global Higgs+EWPO+TGC fit

21



All the SM processes suddenly
become equally important!

Higgs
* e+e-—Hy
*H— 2y

Precision EW
- TGC
- e+e-—2Zy (ALr)



One can, of course,
question the validity of EFT



Truncation of the series expansion is justifiable only when
the BSM does not involve any light SU(2)xU(1) gauge
invariant mass parameter or when the light new particles
are decoupled from the relevant part of the SM sector.

Extra degrees of freedom will appear as a form factor in the EFT
coefficient as g° goes up:

Example
V

W Ew 1 W V.

W >

Gy

e gW Ve € Ve

1 1\> 1 , o

J“q2—A2JM = (K) 1—q2/A2J“ A — Mw

= - l>2 ( N (q2>n> J . J#
(A nz::o A® " Fit assuming q2=0 in
1\ 2 2 the 2nd parentheses
- (K) (1 + (p)) S would fail.

2

24



At ILC 250, we will have enough redundancy
(#observables > #unknown) to test the validity

of EFT.

If we see inconsistency, it suggests N Bsy ™ E_.
We then expect to see significant deviations
from the SM, or to find some new particle.

In this case, we forget about EFT and try to
build specific models to explain the observed
deviation pattern and/or the new particle and
test these specific models.

For new particle searches, we will work on
particular models anyway.

25



L J.Tlan
comments on beam polarizations

e Nnot changed: important for systematics control, nature
of new particle (once found), e.g. Higgsino, WIMPs

e new roles in EFT

Z !

-> separate hZZ and hyZ couplings wv-z%
Y Z

c
-> Improve ALr In Z-e-e coupling >WZV

important to constrain contact interaction

34

Polarization is one of the most important tools that
provide redundancy in EFT analysis!

26



Plans and
Challenges



Since it was practically impossible to finish full
fledged 250 GeV full simulation studies by the
deadline (which was mid June), we had to rely
heavily on extrapolations from studies done
at different energies.

It is, however, preferable to confirm these

extrapolated results with full simulation as
much as possible by the LCWS 2017.

Besides, most benchmark processes can be
studied at 250 GeV except for the ttbar
production.

28



For physics simulation studies for 250 GeV, we would use DBD
samples + new signal samples with the old framework until the new
framework becomes fully functional including Whizard2 generators and
validated to be at least as good as or better than the DBD time.

However, we need to test the new beam parameters with the
factor of 1.6 higher luminosity at 250 GeV. This can be done with
most relevant subset of physics processes and should be done in a
relatively short time frame.

Before the verification of the new beam 250 GeV parameters, we had
better start test production with the 500 GeV benchmark signal
processes for comparison with the old framework.

For longer term physics studies, we will need SM background samples
at both 250 and 500 GeV, but priority should be given to 250 GeV.

For performance comparison, we also need 500 GeV simulation
results. — Priority should be given to benchmarking of (expensive)
sub-detectors which is expected to survive machine upgrades.

29



On going 500 GeV analyses
should be continued and
published.

30



Topic Covered in AWLC17

- e+e- = bb (250GeV): Sviatoslav Bilokin/Roman Poeschl

- Top EW couplings (500GeV): Marcel Vos, Yo Sato

+ Top at threshold (350GeV): Frank Simon

- e+e- = uu (250GeV): Hirokazu Yamashiro

+ H=up (500GeV+250GeV): Shin-ichi Kawada

* Higgsinos (500GeV+250GeV): Jackie Jan/Tomohiko Tanabe
+ e+e- = H+H- (1TeV): Christian Drews

- yy—low pt hadrons: Swathi Sasikumar
- Jet Clustering: Masakazu Kurata
* Impact of new 250 GeV beam parameters: Daniel Jeans



ILD Physics Papers

*Higgs/EW

HHH: overlap check between 4b and bbWW?:
Claude, Masakazu, Junping

H—1t/CP:
Daniel re-runs analysis on official DBD
samples / all backgrounds

HVV.
Tomohisa: fairly complete draft exists — review

» Top/QCD
ee—bb:
Sviatoslav: advanced draft exists — review

*BSM
Light higgsinos:
Tomohiko & Suvi will complete the existing draft:
target date for completion ~ Sep.1st



Ongoing and Planned 250 GeV Analyses

Higgs
*Improve ¢ BR(h—WW*): Mila Pandurovic?
-EFT analyses: Tomohisa Ogawa
*e+e-— vvH: Junping Tian
‘e+e-—Hy: Yumi Aoki
*H—-1T: Daniel Jeans
*H—invisible: Yu Kato
*H—pp: Shin-ichi Kawada
H—exotic (new light particles, FC/LFV): ?
‘H—o2Zy: ?
Precision EW
-m_W: Robert Karl
- 2-fermion processes: pu: Hirokazu Yamashiro (Taikan Suehara)
- TGC: Robert Karl
-et+e-—2Zy (AR): ?
Top/QCD
-bb: Sviatoslav Bilokin
- Single top production: ?
BSM: Direct search
*Dark Matter: Moritz, Tomohiko, Masakazu, ..
*Extra light states (light extra higgses, dark photon, ..)
«ZX (M_X<125GeV): Yan Wang
*Higgsinos: Jackie/Tomohiko + Swathi (for very low AM)



AS many speakers stressed in this
workshop, we are now In a decisive
period for the realization of the ILC.

I strongly believe that once ILC 250
IS approved, a bright future will
follow with variety of upgrade
possibilities.

34






ILD Physics Coordination Meeting

on June 14 (Tue.) 21:00- JST
Agenda

1. WG web pages: https://confluence.desy.de/display/ILD/ILD+Physics+Working+group

2. News from Japan: Asai committee on the 250 GeV Higgs factory stage:
report close to completion, LCC physics WG has been trying to make useful
iInputs.

3. Updates to be shown today before AWLC
Higgs/EW: Shin-ichi: H->mumu, Tomohisa: HVV, (Mila: H->WW*?)
Top/QCD: no updates
BSM: Jackie/Tomohiko: higgsinos

4. ILD physics papers
*Higgs/EW
HHH: overlap check between 4b and bbWW*: Claude, Masakazu, Junping

H—T1Tt/CP: Daniel re-runs analysis on official DBD samples / all backgrounds
HVV: Tomohisa: fairly complete draft exists — ask Kiyotomo for reviewers

« Top/QCD
ee—bb: advanced draft exists = ask Kiyotomo for reviewers
*BSM

Light higgsinos: Tomohiko & Suvi will complete the existing draft: target date
for completion ~ Sep.1st



https://confluence.desy.de/display/ILD/ILD+Physics+Working+group

5. ILD Optimization
VTX:
* Implementation of cables — probably stick to “no” cables for now.

- Software group has no resources to implement alternative designs (eg disk
inside cryostat) — if some one (new student?) in physics group could look into
this possibility that would be highly welcome.

SIT:

- Change to pixels only affects digitizer = “easy”

+ Keep single-bunch-tagging until shown that not needed.

Timing:

- Roman and Graham would both have already done some studies on potential
impact on PID, PFlow, ..

- Eldwan Brianne (DESY) is looking into background hit rejection via timing
— topic of a (general) ILD meeting in not too far future?

MIPs in BeamCal:
* Interesting mostly for BSM? Maybe Higgs — invisible.

 Potential physics gain can be studied easily by cheating techniques, since
basically no material in front of BeamCal.

Intrinsic Calorimeter Resolution:

- Improvements expected from recent change of layer thickness for both SiEcal
and SciEcal.

 Unclear if any options in HCal.



6. MC Production

Known issues and needs:

- Mikael reports that the “production” mode in Dirac is not flexible enough to
handle easily e.g. extra BSM samples or dedicated SM samples with
restricted phase space, and that the overhead in assembling meta-data etc.
IS substantial.

« On the other hand, MC samples of millions of events should

a) undergo a meaningful resource management

b) with supervision by experts to make sure that the right versions of
software, detector, steering files, overlay, ... is used

» and new comers should not be repelled by the obstacle of having to
produce their samples on their own.

Discussed solutions:

1) Investigate whether in the midterm, "prod" and "user" jobs could be
complemented by a third, "intermediate” type of role, which would be used
by the central production team (and potentially other qualified expert users)
to handle in a central way user requests which don't fall into the exact
scheme of the mainstream SM production.

2) On the short-term, and as fall-back for 1), create detailed instructions how
to run a user job for producing DBD-equivalent MC and make available on
the ILD web pages.



First, Some
Organizational
Matter




Organigram

Software Physics Coordination Technical
Coordination (Coordinator/Deputy) Coordination

—(KF/Jenny List)

Higgs/EW Top/QCD BSM/NP
(2 conveners) (2 conveners) (2 conveners)
Junping Tlan Roman Poeschl, Mikael Berggren
Graham Wilson Hitoshi Yamamoto Jacqueline Yan

Jackie is leaving ILD

We may add more subgroups or task forces

as heeded.
40



Organigram

Software Physics Coordination Technical
Coordination (Coordinator/Deputy) Coordination

=(KF/Jenny List)

Higgs/EW Top/QCD BSM/NP
(2 conveners) (2 conveners) (2 conveners)
Junping Tlan Roman Poeschl, Mikael Berggren
Graham Wilson Hitoshi Yamamoto Tomohiko Tanabe

Tomohiko accepted to be
Jackie’s successor,
to be endorsed by IA

We may add more subgroups or task forces

as heeded.
47



Mailing List

Conveners’ ML.:
primarily for WG conveners, coordinator, and deputy:
ild-physics-conveners@desy.de created by Jenny
Use this mailing list also to send talk request.

Subgroup mailing lists:

ild-physics-bsm@desy.de created by Mikael
ild-physics-top@desy.de created by Roman
ild-physics-higgs@desy.de created by Graham

mainly for communication among active people, not so much
for every interested ILD member to stay informed.

42
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What will we lose?



There Is the reason why the
ILC has been defined to be a
500 GeV machine, though the
value “500” 1s symbolic and its
exact value can be slightly
different.
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Higgs-related Physics at Ecm = 500 GeV

Three well know thresholds

ZH @ 250 GeV (~MZ+MH+20GeV) :

* Higgs mass, width, JPC
* Gauge quantum numbers

* Absolute measurement of HZZ coupling (recoil mass) - Higgs couplings (other than top)
* BR(h->VV,qq,ll,invisible) : V=W/Z(direct), g, v (loop)

ttbar @ 340-350GeV (~2mt) : ZH meas. Is also possible

* Threshold scan --> theoretically clean mt measurement: Amy(MS) = 100 MeV

--> test stability of the SM vacuum
--> indirect meas. of top Yukawa coupling
* Arg, Top momentum measurements
* Form factor measurements

vvH @ 350 - 500GeV -

yy = HH @ 350GeV possibility

* HWW coupling -> total width --> absolute normalization of Higgs couplings
/HH @ 500GeV (~MZ+2MH+170GeV) :

* Prod. cross section attains its maximum at around 500GeV -> Higgs self-coupling
ttbarH @ 500GeV (~2mt+MH+30GeV) :

* Prod. cross section becomes maximum at around 800GeV.

* QCD threshold correction enhances the cross section -> top Yukawa measurable at
500GeV concurrently with the self-coupling

We can access all the relevant Higgs couplings
at ~500GeV for the mass-coupling plot!




We will miss the 2nd and the 3rd
thresholds and physics intended
there In the 1st stage!
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Issues and Possible Measures to Address Them

Fully model independent Higgs total width determination needs WW fusion (small at 250GeV)
*Improve ¢ BR(h—WW?*) precision
-Use ratios of BR’s
- Assume Custodial Symmetry that relates '(hWW) and I'(hZZ2) (EFT analysis)

*Note that WL and ZL are from the Higgs sector. — Global analysis including PEWO (mW, TGC) in
EFT

Self coupling measurement needs 500 GeV. How can we address EWBG in the 1st stage?
* Precision hZZ coupling measurement? (EWBG models with singlet mixing)
- Synergy with GW measurements?
- CPV in Higgs sector, but we need to know amount of CPV needed?
Top/QCD: 1st stage is below ttbar threshold
* Use bottom as the other member of the 3rd generation: o(bb), Ag(bb)
- Single top production?
BSM: Direct search limited by Ecm
- Exotic Higgs decays to new light particles, FCNC decays (ty, bs)?
-Dark Matter (Z portal, leptophilic DM)
- Extra light states (spin-less bosons, dark photon, ..)
*Higgsinos
- Indirect searches using 2-fermion processes (Z’)
Physics interpretations/implications with inputs from theorists

Synergies with LHC (assuming that ILC will be concurrently running with HL-LHC) and other
experiments.



Subgroup Activities



ongoing Higgs/EW analyses

Iggs se
Iggs se

Iggs se

topic

Higgs CP
Higgs CP

W mass
W mass

Iggs mass

f-coup
f-coup

f-coup
Higgs BRs
Higgs BRs
Higgs BRs
—Higgs BRs

anomalous HVV couplings

Igle
INQ
INQ

/-pole running

comment contact Institute
H—>bb A.Ebrahimi DESY
H—>TT D.Jeans U. Tokyo
ttH T.0gawa KEK
/H, wH T.0gawa KEK
HH—>bbbb C.Duerig DESY
HH—>bbWW* M.Kurata U. Tokyo
systematics J.Tian U. Tokyo
H—>bb/cc/gg H.Ono NDU
H—>p S.Kawada DESY
H—>WW*—>4g M.Panduravic Vinca
H—>invisible  Alshikawa/Y.Kato = U. Tokyo
threshold / direct G.Wilson U. Kansas
single W K.Cotera DESY
ILC Parameters G.Wilson U. Kansas
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Subgroup Activities

1. News from Higgs/EW WG since Last General ILD Phone Mtq.
(Graham, Junping)

new analysis (full sim): ZZ-fusion as well as update on ZH for
anomalous HVV couplings@ 250 GeV (Tomohisa, April 5 S&A)

YH production @ 250 GeV (Yumi Aoki, to be reported)
Update on H=2WW* (Mila, April 5 S&A)

Update on H—=pp (Shin-ichi, May 24 S&A)

Update on mH using H—bb (Aliakbar Ebrahimi, April 5 S&A)
update on Polarimetry study (Robert)

publications: Higgs self-coupling analyses; Higgs CP using
H—T T, Ongoing




Subgroup Activities (continued)

2. News from BSM WG since Last General ILD Phone Mtg.
(Mikael, Jackie)

(1) Light Higgsinos (Jackie Yan, et al) - analysis in the final stage (to be reported soon)

(2) SUSY parameter extraction from results of (1) (Suvi-Leena Lehtinen, H. Baer et al.)
- close to final - starting STC4 (May 10 S&A)

Paper for (1) and (2) in preparation
(3) Search for a Higgs-like scalar using Zh with Z->pp (Yan Wang, May 24 S&A)



Subgroup Activities (continued)

3. BSM WG (Mikael Berggren, Jacqueline Yan)

1. Generic WIMP searches (Moritz Habermehl)
2 SUSY co-annihilation (Mikael Berggren) — Dec.8
3. Higgsinos (Jacqueline Yan) — Dec.8
4

SUSY parameters from Higgsinos (Suvi-Leena Lehtinen) — Dec.8

— Dec.8 (T. Tanabe)

Neutralino mixed producnon with leptonic decay

~0) ~) — ILC2, up
efe” = X1 Xe = XiX T4

Edge precisions assuming 500 fb*
0.5-1 %, for Epp , 2-2.5% for Mpp

ILD Freliminary 500 GeV, 500" P 5000
(Pe Pe+] [;0 8 +0 3’ 500 GeV, 500 P % 00 - N ) ' ] %’ : ILCZ prollmlnant( SIpa'ra:ne;arIM1 o ]
B ' ' _ F . - SUSY+h from ILC initial stage 1
> 150 » L-— | ] (D : ']] &I ﬁ‘ I’Z,“Lc?) ] (‘22'_4000 | g from LHC ]
5 | iz =150 | \ ENT - [ :
:_‘ il w o " =
5 f h | fﬂoﬁo £ e . B susy kg
£ 100 B susy bk ] 9 ool \ 9.14+/-0.19 GeV -
D : — _
> ! 87+/1 0. L - \ i [
2 _ : 26.87+/1 0.17 GeV ! ]{ 1 Di-muon mass s
=0 F | : - 3
S0T | Di-muon energy i
L =3
0 5 10 15 20 25 30 o Lt N LIS N B

News about documentation

10° 10" 109 10 éo"’ 10'®

[GeV]

- “Di-photon resonances at the ILC” (Junping Tian, KF, Hiroshi
Yokoya) : Phys. Rev. D94 (2016) no.9 095015
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\ 1 (I K
LERATEUR
2

Topic

ee->tt
Full leptonic,
Matrix element

ee->bb

Top mass, ee->tty

Top mass
Threshold, interpretation

ee->tt

Anomalous couplings
using EFT

Top CPV couplings

ee->tt,
continuum
Fully hadronic

Jet algorithms
QCD e.g. alpha_s
t->ch

t->cy

Group

LAL/Tohoku

LAL

IFIC

MPP-MPG

IFIC

IFIC/LAL/RWTH

7?7

IFIC

777

Warsaw

MPP

Comment

Ongoing analysis

Ongoing analysis, paper
nd PhD thesis in 2017

Ongoing analysis

Ongoing analysis

Ongoing analysis

Paper in preparation

Under discussion:

LAL internship and
UCL London

“Standing” item with
several applications

Open topic

Ongoing analysis

Ongoing analysis

- “Lightweight” organisation
- Mail and personal Communication
“Actors know each other”

- Regular reports at s/w and Analysis meetings

- Good communication with theory
and instrumentation groups

+ Members of ILD Top/QCD play visible
roles in promoting Top/QCD topics in
several instances

- Top/QCD studies in ILD are backbone
when demonstrating LC physics potential
(w.r.t. Top/QCD)
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- ee->bb analysis reaches maturity and work on interpretation has started
- About to become benchmark analysis in ILD

- Matrix element analysis

- Further visit of Yo to LAL to condense ideas and recent findings into results for
and AWLC

- Advanced draft on CPV paper by Marcel (IFIC, LAL + Bernreuther)

- Top mass measurement using ee->tty (IFIC)
- Issues with photon definition in generator and photon measurement in generator

- Comprehensive analysis of top couplings in EFT Framework

- F. Simon continued on extraction of top mass from threshold (rather phenomenologie)

- No news on anomalous top decays
- Analyses may rather be CLIC oriented

- “QCD sector” of working group
- Jet studies at Valencia (“standing item”)
- Still no group working on alpha_s
- Need to remind/assure community that GigaZ is still part of ILC program

All analyses/studies will be presented at top@LC17 and (at least partially) at AWLC17
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