Physics at ILC

A. Drutskoy,
MEPHhI, Moscow

The International Conference on Particle Physics and Astrophysics

ICPPA-2015, Moscow, October 5-10

A. Drutskoy, MEPhI Physics at ILC Moscow, Oct 5-10 1




The International Linear Collider

> e*e” collider with 's = 250 — 500 GeV, upgradable to Vs = 1 TeV

~ 34 -2 -1
= L~2x10% cm™s Beam size (IP): 6 nm « 500 nm « 300 mm
> 31 km long, SCRF technology Polarization: e~ >80% ; e* 30-40%

= global collaboration (~130 institutes)
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= since August 2013: Kitakami in northern Japan is candidate site

= following the recommendation by the Science Council of Japan,
MEXT currently investigates hosting the ILC




Running scenarios at start of data taking

Recommended scenario (~20 years
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T. Barklow et al_, arXiv:1506.07830

Running scenario will depend on LHC 550 GeV is ~2.4 better precision over
and early ILC results 500 GeV for ttH coupling measurement
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Detectors design strategies

e SID
— High B field (5 Tesla)
— Small ECAL ID

_ Small calorimeter volume )
 Finer ECAL granularity

— Silicon main tracker

« ILD
— Medium B field (3.5 Tesla)
— Large ECAL ID
« Particle separation for PFA
— Redundancy in tracking

— TPC for main tracker — '

og/E ~ 3 — 4% ~ 30%/VE @100GeV

T1/pr ~ 2% 107° GeV™!
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Higgs production at ILC

ILC offers a menu for comprehensive Higgs measurements

access three well-known thresholds (tt-bar not shown here, see next talk by Marcel)
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Decay e*e” — Z(up) H(bb)

\/s =250 GeV

C Event Display (CED)
'S rench era_ Cut

\/s =500 GeV




Higgs boson coupling constant measurements at ILC
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Parameters measurable at ILC

Observables to measure at ILC

+— the key!
ozuxBr(H—=bb), owwuxBr(H—=>bb)

OowHXBr(H—>CC) «<— unique at LC
ozuxBr(H—>gg), ovwwuXBr(H—>gg)

ozuXBr(H—WW?*), gvwuaxBr(H—WW?)
ozuxBr(H—Z7%), ovwuxBr(H—ZZ7%)
ozuxBr(H—>11), oywwuxBr(H—>11)

ozuxBr(H—>Yy), owuxBr(H—>yy)

ozuxBr(H—>up), ovwwaxBr(H—pup)
ozu&Br(H—>Invisible +<— high sensitivity

@.‘. r(H—>bb) +<—direct top-Yukawa

(GzrmyBr2(H—>bb), Gy B2(H—>bb)  +—direct Aspiz

each running stage offers an independent set of observables
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Expected accuracy of coupling measurements

Future measurement of
Higgs Couplings

Facility LHC HL-LHC  ILC500 ILC500-up
Vs (GeV) 14,000 14,000 250/500 250/500
[ Ldt (fb~') 300/expt 3000/expt 2504500 115041600
K, 5—T%  2—5% 8.3% 4.4%

Ky 6—8%  3—5% 2.0% 1.1%
Kw 4 — 6% 2 —-5% 0.39% 0.21%
Kz 4 —6% 2 — 4% 0.49% 0.24%
K¢ 6 — 8% 2 -5% 1.9% 0.98%
Kq = Kg 10-13% 4-7% 0.93% 0.60%
Ky = K 14-15% 7-10% 2.5% 1.3%

Snowmass Report Coupling constants can be typically

1310.8361 Measured with better than 1 % at ILC



Expected accuracy of coupling measurements
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Fingerprints of BSM models

The study of the deviations from these predictions is
guided by the idea that each Higgs coupling has its own
personality and is guided by different types of new
physics. This is something of a caricature, but, still, a

useful one. M. Peskin @ HPNP2015

fermion couplings - multiple Higgs doublets

gauge boson couplings - Higgs singlets, composite Higgs
VY, 22 couplings - heavy vectorlike particles

tt coupling - top compositeness

hhh coupling (large deviations) - baryogenesis
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Fingerprints of BSM models

Higgs coupling deviation from SM

MSSM (tang = 5. M, = 700 GeV) MCHMS5 (f = 1.5 TeV)
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Error bars indicate the 1o uncertainties expected from the
model-independent fit to the expected full ILC data set.
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CPV in Higgs decay h — 77~

CPV appears in many extensions of Higgs Sector.

2HDM : two doublets of scalar fields with identical quantum numbers.
Three neutral fields : h, H, A ; two first are CP-even, last one is CP-odd.
These states are mixed to physical mass states in Higgs basis.

T
] CP-odd
If h(125) has small CP-odd admixture: | contrib ~ T
ete—Zh, h—7'7t, t—>xm,p,a,,/! > RL
e 2L +{h=1T1 =281 8 +2w) Se 2 F+ (bt al + 2w AI\/T\AKJ\
¢ Z

Uncertainties of
about (5-10)° in
mixing phase at

“-i"'T?:!T_IE'{'.E'%':;'\':R"i"z's'[b't'}':}:"_1';'""'--i uu;I; ILC with a few
: ¥ [rad] : ; G [rad z hundreds fb1.
* i A % A~ ¥ * o - ¥ ~ ¥
¢* = acos(n’ | -nY, ) (also ¥5p = acos(gr- - (AT x A%, )))

Here decay products (=, p, a;, £) and their impact parameters have to be measured.
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Top quark physics
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ttH, ttZ, ttg*, tt

ttH (with {7 bound-state effects)

ftH (without {7 bound-state effects)
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For ttH: my, = 120 GeV

Top quark production at different channels

Measurement near threshold: mass with accuracy ~17 MeV, width ~26 MeV.
Measurement of Yukawa coupling with accuracy ~4.2 %.

Measurement of forward-backward asymmetry.
Measurement of exotic top quark couplings at larger energies.
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Other topics

ete —f f contribution from Z’ and other BSM (in particular
Extra Dimensions) can be tested in these processes

ete—> W*W- /[ Z2ZZ |ZW*W-/Z2ZZ

Precision QCD test, measurement of W mass
Extensions of Higgs sector
SUSY particles (very weak couplings)

New exotic states
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Conclusion

Wide physics program is proposed for ILC

Most important topics are precision Higgs boson and top
quark measurements

ILC well suited for BSM physics searches
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Background information



International Linear Collider (ILC)

» The next generation e+e- collider (500GeV, upgradable to 1TeV)

» Design work and accelerator R&D have been carried out in a global framework.

The ILC TDR was completed by Global Design Effort (GDE) in 2013 and the next phase
of design and R&D works has started under the leadership of Linear Collider

Collaboration (LCC).

» Discovery of a Higgs particle at LHC in July 2012 set a clear physics target of the initial

stage of ILC.
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Table 2.3. Expected accuracies for the i boson branching ratios for my, = 120 GeV when the 250 Ge\ measure-
ments assuming £ = 250 fb~! in Table 2.2 are combined with those at /5 = 500 GeV assuming £ = 500 fb—! and
(e~ ,et) = (—0.8, +0.3) beam polarization. The errors on B Fs include the error on o of 2.5% from the recoil mass
measurement at /s = 250 GeV.

Ale - BR)/(c - BR) ABR/ER
maode £ @250 Gay | & @500 GeV | v h @ 500 GeW combined
h — bh 1.0%; 1.6% 0.60% 2.6%
h—cE 6.9% 11% 5.2% 4 6%
h — gg 8.5% 13% 5.0% 4 8%
h—=WW?* B.1% 12.5% 3.0% 31.8%
h—7tr— 3.6% 4.6% 11% 3.6%
h—= ZZ* 26% 34% 10% 0.3%
h— vy 23-30% 20-38% 19-258%; 13-17%

Expected accuracies for cross section times branching ratio measurements for the 125 GeV k boson.

Alc - BR)/(o - BR)

/5 and L 250fb~T at 250GV | BO00fb— T at 500GeY | 1ab— T at 1 TeV
(P_,Py) (-0.8,+0.3) (-0.8,+0.3) (-0.8,+0.2)
mode Zh ] v Zh | VTR voh
h— bb 1.1% 10.5% 1.8% 0.66% 0.47%
h— 7.A4% - 12% 6.2% 7.6%
h — gg 0.1% = 14%, 4.1% 3.1%
h— W= 6.4% - Q.2% 2.6% 3.3%
[ e 4 2% - 5.4% 14% 3.5%
h— Z£* 19% - 25% 8.2% 4.4%
h—yy 20-38% - | 20-38% 20-26% T-10%
h—p*p” | 100% - - - 32%




Table 2.5. Expected accuracies for top Yukawa and self-coupling measurements of the 125 GeV h boson, with the
specified energies and luminosity samples. The current analyses use the b — bb mode only.

[ process | sG] | LT | (F_.F.) | Alo- BR)/(s - BR) [ Ag/g |

[th 500 500 | (-0.8,+0.3) "% | 18%
Zhh 500 500 | (-0.8,+0.3) 64% | 104%
tTh 1000 1000 | (-0.8,+0.2) 87% | 4.0%
vThh 1000 1000 | (-0.8,+0.2) 38% | 28%

Table 2.6. Expected accuracies for Higgs boson couplings derived from the accuracy estimates for measured rates
given in Tables 2.4 and 2.5. For the invisible branching ratio, the numbers gquoted are 05% confidence upper lim-
its. The four columns refer to: LHC, 300 fb—!, 1 detector; ILC at 250 GeV, with 250 fo—!; ILC at 500 GeV, with
500 fb~!; ILC at 1000 GeV, with 1000 fb—!. Each column includes the stated data set and all previous ones [65].

Maode LHC ILC(250) ILCE00 ILC{1000)
W 11% 107 0.24 % 0.17 %
£ZZ 45 % 0.44 % 0.30 % 0.27 %
bb 13.6 % 2.7 % 0.04 2% 0.60 %
g 8.9 % 4.0 % 20% 1.4 %
Yy 8% 490 % 43 % 33%
TH- 11.4 % 33% 1.9 % 1.4%
cE - 4.7 % 25% 21%
tt 15.6 % 14.2 % 03% 37T %
ptp— - - - 16 %
self = = 104% 26 %
BR(invis.) < 9% <044% <030% <0.26%
[ (k) 20.3% 48 % 1.6 % 1.2 %




ILC collider
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Baseline ILD detector design

op/E ~ 3 — 4% ~ 30%/VE @100GeV

01 /pp ~ 2 x 107% GeV ™!

10
p(GeV sin®/? 9)

Orgp = D pm & pm

Yoke! Muon HCAL FTD
FCAL ECAL IP

O separate charged & neutral particles
w high granular ECAL & HCAL
w large TPC & High B field

O identify b/c/g-jet
w high performance VTX

O separate events by time stamping
w high resolution SIT, SET---

O hermetic
w endcaps, FTD---

O muon, BCAL, LCAL---




_affter

68% CL: 3000 fb™', 14 TeV LHC and 500 fb', 500 GeV LC
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CPVin decays h — 7*7~

Talk S. Berge at ECFA 2013, Hamburg

0 No reconstruction of 7 rest frames

0 Use impact parameter vectors n_, n4
@ ~ acos(n_ - n4)

o Boost iy into 7~ 7 T-ZMF (denoted by *)
(n#n, = —1):

0 ¢* = acos(* | -7 )

0 Measurement of PV necessary
(from Z — eTe™)

p* = acos(A* | - i) Yep =

acos( qr_ - (

ol 3 a4
n- | XNy,

)



