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Discovery of a Higgs boson at LHC

\s=7TeV,L<5.1fb' {s=8TeV,L<19.6 fb"

Combined CMS Preliminary m, = 125.7 GeV
u=080%+0.14 pSM =0.65

H— bb
n=1.15+0.62

H—o 1t
=110+ 0.41

H— vy
uw=0.77+0.27

H—- WW
u=0.68+0.20

H— ZZ
n=0.92+0.28

15 '_2' 25
Best fit G/GSM

* 0 X BR compatible with
Standard Model
— Suggests SM-like couplings

— HZ and HW couplings non zero
e good news for an e+e- collider

14/05/13

vy

1

0.

CMS Preliminary {s=7TeV,L<51fb" {s=8TeV,L<19.61b"
. o SM Higgs ® Fermiophobic @ Bkg. only
> ) T / .....................................
51 /
i T | osmC™
i d //
i § / Hotrt
1 - +
|
! H— bb
! A
A
oz '
0 0.5 1
Ky
 What to do now?

— Look for new physics:
* direct searches

* precision measurements
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Direct searches at LHC: no susy yet

LAS SUSY Searches*

95% CL Lower Limits (Status: March 26, 2013)
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L=20.7 fb™. 8 TeV [ATLAS-CONF-2013-007]
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T.miss
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53 GMSB, %, °_¥G : non-pointing photons (ATLAS-C: 130 0.4 <<(1) < 2ns)
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g—)lt l—)bs 2 SS-lep + (0-3b-)j's + E
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{incl. limst from 1110.2693)
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*Only a selection of the available mass limits on new states or phenomena shown.
All limits quoted are observed minus 1o theoretical signal cross section uncertainty.

pair production possible at e*e” collider with Vs=1 TeV only if m<500 GeV



Direct searches at LHC: no exotism yet

LQ1, =05

C M S EXOT'CA 95% CL EXCLUSION LiMITs (TEV)  -91.B=1.0

q* (gg), dijet
q* (@W)

9" (@2

q*, dijet pair
q", boosted Z
e", A=2TeV
P, A=2TeV

Z'SSM (ee, pp)

Z'SSM (1)

Z' (tt hadronic) width=1.2%
Z’' (dijet)

Z' (tt lep+jet) width=1.2%
Z'SSM (l) fob=0.2

G (dijet)

G (ttbar hadronic)

G (jet+MET) k/M = 0.2

G (yy) M = 0.1

G (Z(NZ(qq)) kM = 0.1
W’ (lv)

W' (dijet)

W' (td)

W'— WZ(leptonic)

WR' (tb)

WR, MNR=MWR/2

WKK p=10TeV

pTC, nTC > 700 GeV
String Resonances (qg)
s8 Resonance (gg)

E6 diquarks (qq)
Axigluon/Coloron (ggbar)
gluino, 3jet, RPV

gluino, Stopped Gluino
stop, HSCP

stop, Stopped Gluino
stau, HSCP, GMSB
hyper-K, hyper-p=1.2 TeV
neutralino, ct<50cm

pair production possible at e*e” collider with Vs=1 TeV only if m<500 GeV
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LQ2, B=0.5

LQ2, B=1.0

LQ3 (bv), Q=+1/3, p=0.0

LQ3 (b1), Q=+2/3 or +4/3, f=1.0
stop (b1)

Compositeness

3

4

b’ = tW, (3I, 2I) + b-jet

q’, b/t degenerate, Vtb=1
b’ = tW, l+jets

B' = bZ (100%)

T — tZ (100%)

t' — bW (100%), l+jets

t' — bW (100%), I+l

5

C.I. A, X analysis, A+ LL/RR
C.I. A, X analysis, A- LL/RR
C.l., py, destructve LLIM
C.l., py, constructive LLIM
C.l., single e (HnCM)

C.l., single p (HNCM)

C.l., incl. jet, destructive
C.l., incl. jet, constructive

Ms, yy, HLZ, nED =3
Ms, yy, HLZ, nED =6
Ms, Il, HLZ, nED = 3

r Ms, Il, HLZ, nED = 6
MD, monojet, nED =3

MD, monojet, nED = 6

MD, mono-y, nED =3

5 MD, mono-y, nED =6
MBH, rotating, MD=3TeV, nED =2
MBH, non-rot, MD=3TeV, nED =2

MBH, boil. remn., MD=3TeV, nED =2
MBH, stable remn., MD=3TeV, nED =2
MBH, Quantum BH, MD=3TeV, nED = 2
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Direct searches at LHC: Future

1 LHCeTTeV LHC@14TeV SLHC@33TeV.
= / :
8 -~
S < 107!
L +
O ~ .
2 |
o T 10-2 Very
X \ - High
S - Energy
. = 107
< e LHC @
13 X
N 10~ == Exclusion with 5 fb™* 100 Tev
Ty . . —
—  Discovery reach with 300 fb™
—  Discovery reach with 3 ab™"
500 1000 2000 5000 10000 20000
M7 (GeV)
e LHC300 fb-l @ 13 TeV can discover e HLLHC 3000 fb-1 won’t help
new particles with m ~ few TeV e SLHC extends the range to several TeV

* massrange x 2 wrt LHC5 fb-1 @ 7 TeV .
14/05/13  What about higher vs?



Goal of an e+e- collider

* Indirect search for new e Discover & study
physics through precise new particles
measurements requires large energy
involving known particles: (1 TeV is not enough)

— Higgs boson
— W and Z boson
— top quark

requires large luminosity

14/05/13



What precision on Higgs couplings?

 Example : Precision for Higgs couplings
— Maximal deviations with respect to SM couplings, as a function of new physics scale

2
* SUSY gnb __Ghrr :1+1,7%<1T€V> for tanff =5 H. Baer, M. Peskin et al.

Ghgnibb Ghgyrr ma
: : 1 TeV)”
« Composite Higgs I Y 1—3%( CV)
Ghsufs IhsuV'V f
* Top partners Ghos o 14 90% (1 TeV)2 I 1 0s% (1 TeV>2
hsmgg mr , Jhsmry mr

* Other models may give up to 5% deviations with respect to the Standard Model
— Maximal deviations for the new physics scale still allowed by LHC results

ARVV  Ahtt Ahbb
Mixed-in Singlet 6% 6% 6%
Composite Higgs 8% tens of %  tens of % 1.D. Wells et al.

Minimal Supersymmetry < 1% 3% 10%%, 100%°

e Strongly influences the strategy for Higgs factory projects
— Need at least a per-cent precision on couplings for a 50 “observation”
e And sub-percent precision if new physics is at the (multi-)TeV scale

14/05/13



The solution : TLEP + VHE-LHC

(Worst case solution : LEP3+HE-LHC)

TLEP (80-100 km): e*e’, up to
(CERN implementation) Vs “350 GeV

F. Zimmermann

LHC (26.7 km)

LEP3 : e*e;, up to
Vs ~ 240 GeV VHE-LHC : pp,

Vs ~ 100 TeV

* TLEP Physics case : Precision measurements sensitive to multi-TeV New Physics
— TeraZ (Vs~m,), MegaW (Vs~2m,,), Higgs Factory (Vs~240 GeV), top (Vs~350 GeV)

* Followed by VHE-LHC : Direct search for New Physics in the 10-100 TeV range
— Vs~ 100 TeV with 20T magnets

s Also allows the HHH coupling to be measured to a few %
14/05/13



80-km tunnel in Geneva area — “best” option

«Pre-Feasibility Study for an 80-km tunnel at CERN» iy bt B | ake Geneva
John Osborne and Caroline Waaijer, o e r 48
CERN, ARUP & GADZ, submitted to ESPG

A

even better
100 km?

LEGEND
= LHC tunnel

HE_LHC 80km option
potential shaft location




Luminosity at e+e- colliders

=4—TLEP (per1P)

Luminosity vs EnerﬁY
10000 TLEP : Instantaneous lumi at each [P (for 4 IP’s)
Z,103% —-iLc
WW, 2.10% ae
5\ 1000 =0—TLEP(4)
a Hz, 5.10%
X
2 100
@ tt + WW- H, 0.7 1033
£ A
£
- 10
91 2625
1 240 80
0 500 1000 1500 2000 2500 3000 3500
350 12
Center of Mass Energy (GeV) R. Aleksan

Circular collider:

e (Can use more than one detector at the same time (here 4)
* Luminosity increases when Vs decreases

— because saved RF power is used to collide more bunches when synchrotron
radiation decreases (1/E%)
- Ultimate precision measurements

* Crossing point with linear colliders ~ 400 GeV

14/05/13 — Luminosity upgrade (x3) now envisioned at ILC : luminosity is the key ! 10



Luminosity at TLEP: beam size & Beamstralung

* Luminosity achieved by reducing the vertical B*

— From 5 cm (LEP2) to ~ 1 mm (TLEP)
* Note : 0.3 mm soon to be realized at SuperKEKB

— Vertical beam size o,~ 200 nm
e Note:1to5 nm for Linear Colliders

* 0, not too small - negligible Beamstrahlung (BS) for Physics
— beam energy well known = can use energy conservation

beam energy [GeV]

number of BS y /collision 0.50 0.51 1.17 1.24
mean energy lost / collision [MeV] 42 61 1265 2670
RMS energy lost / collision [MeV] 65 95 1338 2760

F. Zimmermann

14/05/13 11



Luminosity at TLEP: Top-up injection

Accelerator ring ¢ At these |UmInOSIl'IeS,
beam lifetime ~ 15
minutes (Bhabha)

— Solution : double ring
and continuous top-up
A injection, as at PEP-II

. beam currentin collider (15 min. beam lifetime) . .
100% * Note : Soon to be realized

almost constant current ||fet|me ~5 mlnutes

AfBlondel

Collider ring N

energy of accelerator ring
4 120Gev

injection into collider T L E P

injection into
accelerator

acceleration time=1.6s . | |
10s (assuming SPS ramp rate) First logo proposa

M. Koratzinos
Contest open!

14/05/13 12
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Challenges (a subset)

LI B B B

T T
10 M. Zanetti

 Beamstrahlung

— Radiating e* pushed outside the acceptance

10°
10°
10*

macro particles

* Reduces the beam lifetime significantly 0
13

— Need to design an achromatic optics at the IPs 7

* with 2-3% momentum acceptance 10

|

 Efficient RF system 0 0005 00l 0015 002 0025 003 ((5.10238_"5)/%04
00

— Need 12 GeV/turn at 350 GeV
e ~900 m of SC RF cavities @ 20 MV/m
— LEP2 had 850 m at 7 MV/m
— Very high power : up to 200 kW / cavity in the collider ring
* Power couplers similar to ESS — 700-800 MHz preferred

* Small vertical emittance
— Can/should further reduce beamstrahlung by minimizing o,/0,
* Aimistoreach 0.1% (LEP2 had 2%, SuperKEKB plans 0.2%)

RF Coupler
A\ (ESS/SPL)

14/05/13 13



TLEP as a Higgs factory (1)

* Physics case not driven by the fact that the collider is linear or circular

— Scan of HZ threshold : Vs = 210-240 GeV Spin

— Max of HZ cross section: Vs =240-250 GeV Mass, o,,,, BRs,
Width, Decays

— Just below tt threshold : Vs ~ 340-350 GeV Width

Unpolarized cross sections

5 r L PJanotand G. Ganis§i
S 250 f— I ...................... I I ................ Total L
§ I : I I : : : = HZ I
@ I | I —HZ,Z > ny nu
a : : : : : — )
’ 1 | WW ->H I
Need 100’s fb

—ZZ > H

150

100

50

E)
IIII|IIII|IIII|III\TJIII|II

900 220 240 260 280 300 320 340 360
Centre-of-mass energy (GeV)

14/05/13



TLEP as a Higgs factory (2)
| | wewo | wesaw | e |

Lumi / IP / 5 years 250 fb! 500 fb! 2.5 ab™!
#I1P 1 L 4
Lumi / 5 years 250 fb! 2 ab™! 10 ab™!
Beam Polarization 80%, 30% — -
Lo.01 (beamstrahlung) 86% 100% 100%
Number of Higgs 70,000 400,000 2,000,000
Upgradeable to ILC 1TeV HE-LHC VHE-LHC
CLIC 3 TeV 33 TeV 100 TeV

* Higgs coupling precisions scale like

— e.g., forg,,,: 1.5% forILC:0.65% for LEP3 : 0.2% for TLEP
* Five years of TLEP = 75-150 years of ILC (at 240 GeV)

— Note : measure total Higgs boson width I,
* At 240 GeV :With o, (~g%,) ando,, x BR(H-> Z2Z) (~ g*,,,/T,)

* At 350 GeV : With oyywsy (¥ 8%4ww) and
Oz X BR(H-> WW) (~ 8%,17,8%ww/Th)

14/05/13



TLEP as a Higgs factory (3)

 Aslide from M. Peskin at the 3rd TLEP/LEP3

The 80 km tunnel envisioned for TLEP can also host a hadron
collider (TLHC). This might well be the future of particle physics
in Europe.

| will now discuss the estimates of Higgs measurement
capabilities of these machines and the conversion of those
estimates to measurement errors on the Higgs couplings.

It will be obvious that - weighting all claims equally - TLEP has
the best capabilities. It has the highest luminosity, can
plausibly support multiple detectors, and can reach energies
well above the Higgs threshold. In the following, | will omit
the comparison with TLEP in the figures. The final errors
would in any event be tiny on the graphs that | will show.
These are given in a table at the end of the lecture.




TLEP as a Higgs factory (4)

Summary of the ICFA Higgs Factory Workshop (FNAL, Nov. 2012)

Accelerator > LHC HL-LHC ILC Full ILC CLIC LEP3, 4 IP TLEP, 4 IP
300 fb~' /expt | 3000 fb ' /expt | 250 GeV 2504350+ 350 GeV (500 fb™") | 240 GeV 240 GeV
Physical Quantity 250 fb! 1000 GeV 500 GeV (500fb™") | 2ab'(*) | 10ab”' 5yrs(¥)
\2 1.4 TeV (2ab )
5 yrs Syrs each 5yrs 350 GeV
5 yrs each 1.4 ab ' 3 yrs (¥)
N 1.7x 107 1.7x 10 6x 10°ZH 10° ZH 4x 10°ZH 2x 10°ZH
" ' ' 1.4 x 10° Hvv

my (MeV) 100 50 35 35 ~70 26

Al'y /Ty -- - 10% 3% 6% 4%

ATy / T Indirect Indirect 1.5% 1.0% _ 0.35%
m (30%?) (10% ?7) ) ) )

Aghy ! Say 6.5— 5.1% 54-1.5% -- 5% N/A 3.4%

Aghige / Sige 11— 5.7% 75— 2.7% 4.5% 2.5% N/A 2.2%

Agriww / Srww 5.7-2.7% 4.5-1.0% 4.3% 1% 1% 1.5%

Aguzz | guzz 5.7-2.7% 4.5 -1.0% 1.3% 1.5% 1% 0.65%

(2 expts)

AgHuu/gHuu < 30% < 10%

Aan / ZHrr

Achc / SHec 37% 2%

Agry / Ervb 1.4% 1%

Aghit/ gun - 15%

14/05/13 17



TLEP as a Higgs factory (5)

* Need sub-percent precision for a sensitivity to multi-TEV New Physics
— Compare (LHC), HL-LHC, ILC, (LEP3), TLEP — T, fixed

Best Fit Predictions
‘ : : ‘ ‘

,'\3 N

< — L | I N [ O S i
c 15— iLc2s50 h=m
% [ |=ILC350

3 10 o= LEP3(4) |- fic g

o

- |=—TLEP(4) h—77}

=
=
- X

14 =1%

h—gg

* CMSSM high mass
® CMSSM low mass
A NUHM1
-15¢ HF2013 . LHC

- B HL-LHC
Em ILC
HZZ Hbb Hcc Hgg HWW Htt Hyy Hup T T, B TLEP

" [ SM unc. Higgs WG
. : 15 -10 -5 0 5 10 15
Summary : TLEP r.ea.ches the ne?ded accuracy (BR-BRo/Bhe(50)
— ILC prospects similar to HL-LHC's

J. Ellis et al.
*  Much theoretical work also needed

14/05/13



TLEP as a Higgs factory (6)

* Need sub-percent precision for a sensitivity to multi-TEV New Physics
— Compare (LHC), HL-LHC, ILC, (LEP3), TLEP — T, fixed

e HL-LHC

8 4 ... p— Ichso .............................................................................................................................
B = |LC350

8 - |==LEP3(4)

a 5 ~  |==TLEP(4)

HF2012

N I I I I

HZZ

e Summary : TLEP reaches the needed accuracy

Hbb

Hcc

Hgg

HWW Htt

— ILC prospects similar to HL-LHC's
e  Much theoretical work also needed

14/05/13

h =yt
h—ZZ}

==
=
o

' h—WW
Iil% -

h—gg

Best Fit Predictions
‘ : : ‘ ‘

* CMSSM high mass
® CMSSM low mass
A NUHM1

I LHC

B HL-LHC

Hl ILC

Il TLEP

[ SM unc. Higgs WG

~15 -10 =5 0 5 10
(BR—BRg))/BRg,(%)

J. Ellis et al.
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Impact of TeraZ and MegaW (1)

* Revisit and improve the LEP precision measurements
— TLEP can do the entire LEP1 physics programme in 5 minutes

Vs~ m, MegaZ GigaZ ~TeraZ TeraZ
Lumi (cms1) Few 103! Few 1033 Few 103 1036 8
#Z / year 2x107 Few 10° Few 101 1012
Polarization no easy yes (T, L) yes (T,L)
vs LEP1 1 ~5-10 ~50 ~100 ereray (o)
WW threshold
Vs~ me LEP Preliminary
Lumi (cm2s1) Few 1031 Few 1033 5x1034 2.5x103° 5 -
Lumi / IP / year 10 pb 50 fb? 500 fb? 2.5 ab '
Error on m,, 220 MeV 7 MeV 0.7 MeV 0.4 MeV
Vs ~ 240 GeV
Lumi (cm™s1) 1032 5x1033 1034 5x1034
Lumi /IP /5 years 500 pb? 250 fb? 500 fb? 2.5ab?
Error on m,, 33 MeV 3 MeV 1 MeV 0.4 MeV

14/05/13

Important : Polarization up to the WW threshold with TLEP

* Very precise beam energy determination (10 keV) : unique to circular colliders
— Measure m,, I';, to < 0.1 MeV, m,, to < 1 MeV, sin20,, to 2.10 from A,

20



Impact of TeraZ and MegaW (2)

* Case1:0nly SM physics in EW Radiative Corrections — Stringent SM Closure test

— Set stringent limits on weakly interacting new physics (m, m,, and m,,, known)
* Much theoretical work also needed M. Grunewald m,, = 126 GeV
80.?&5 Futurle ; . , | . . . . . ‘L}’ /'
80,5 a0tz . : | -~ % | [—
[LJLHC excluded — Direct (W, top) /o
—LEP2 and Tevatron - Indirect (Z pole) /o
- LEP1 and SLD 68% CL
— 68% CL
> i _
& 80.4- Circular
: (LEP3) |
E 7
80.3 st
My V] 173 N74 175
155 175 m, [GeV]
m, [GeV] Linear
(ILC) ; Circular
(TLEP)

* Case 2 :Some weakly interacting new physiééih/f/h/e/ loops ?

— Will cause inconsistency between the various observables
* Become sensitive to multi-TeV WINP
— LEP1 was sensitive to ~ 200 GeV (m,,)

14/05/13
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Preliminary cost estimates

* TLEP cost: 7.1 Giga-CHF

Bare tunnel

3.1

Services & Additional infrastructure (electricity, cooling,
service cavern, RP, ventilation, access roads ...)

1.012)

0,

Vacuum system & RP

0.56)

Magnet systegn for

. -.
Pre-ilj r

|WONJ & injector ring 0.8(6)
ex SPS reinforcements 0.5
7.1

Note: detector costs not included — can count 0.5 per detector (CMS/ATLAS)

— About 4.5 kCHF / Higgs boson

(1): ). Osborne, Amru;btub dy
. trﬁmym LEP

d_ (3):'B. Rimmer, SRF cost per GeV or

RF system .
Cryo system t_e_ﬂ d_o_ré 0.2 @

per Watt for CEBAF upgrade, 2010

(4): F. Haug, 4th TLEP Days, 5 April 2013

(5): K. Oide : factor 2.5 higher than KEK,
estimated for 80 km ring

(6): 24,000 magnets for collider & injector;
cost per magnet 30 kCHF (LHeC);
10% added; no cost saving from mass

production assumed

(less if tunnel + magnets + cryo are in VHE-LHC price)

* |LC cost (2012 re-evaluation) : 7.8 Giga-S
— Many items not included:

site construction, infrastructure engineering, detectors, coming R&D, ...

— About 150 kS / Higgs boson
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Possible timescale

Design study : 2013-2017 (Now!)

Next European Strategy Workshop : 2017-2018

Decision to go and start digging : 2018-2019

Installation while HL-LHC is running : 2023 - ...
Run:2030- ...
2010 2015 2020 2025 2030 2035 2040

HL-LHC
TLEP*
VHE-LHC*

14/05/13
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Conclusion

TLEP (& VHE LHC):
— best precision, largest discovery reach, cost effective

The design study is starting:
— creating the working groups
— setting up collaborative tools

— defining the software framework
* how about ILC/CLIC?

— first results within 6 months

To get more information, manifest your interest,
or get in the loop:

http://tlep.web.cern.ch/

24
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"TLEP RF Power is unacceptable (600 MW?!)”

a2 RF parameters and total power consumption at 350 GeV
+ RF Parameters: TLEP RF ~LHeCRF

LHeC TLEP collider TLEP inj.
beam energy [GeV] 60 175 175
frequency [MHz] 72007 800 E. Jensen, A. Butterworh, F. Zimmermann, M. Koratzinos
total voltage [GV] 20 12 9
av gradient [MV/m] - 20 o Total Power Consumption (MW)
eff. RF length [km] 1 0.6 0.6 TLEP
#cavities 1000 600 600 Wall-plug RF power 181
Efficiency (wall->beam) 55% 55% 55% RF cryo power 24
power throughput [MW] | 17 110 10 (peak) Magnet system power 6
power / cavity [kW] 17 183 17 Cooling and ventilation 60
¢ F.LeDiberder: 55% should be 17% (like ILC) Experiments 25
e LEP2 already reached 42% General services 15
e CLIC Drive Beam foresees 55% >PS &PS as pre-injectors 5
e CEBAF enjoys 55% e-/e+ source & pre-pre-injector 1
= Difference between CW and Pulsed Total 318
Patrick Janot L.P.C. Seminar 20

Clermont Ferrand, 12 Apr 2013



cross section (fb)

o Withete"—= ZH — ete"X and utu X events

¢ Measure HZ cross section in a model independent way

[9,10,11]

15

10

e'e" > ZH - nwu X -

Find m, peak from the leptons and E,p conservation

Determine spin with three-point threshold scan
» 10 fb™1/ point suffice

Determine o, and g,,,, coupling at 240 GeV
» 3% (1.5%) precision on G,;, (g,,77)With 250 fb™

Good tracker needed, but details mildly depend on the actual performance
= Plots below with ILD@ILC and CMS@LEP3

ete” > ZH — ete X and uru X

ete” > ZH — uru X

Events / (0.2)

—e— Sig+Bkg

Sig
— Fit to Sig+Bkg
----- Fit to Bkg

Ap/p ~ 0.2%
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Higgs measurements at /s ~ 240 GeV (1)
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Higgs measurements at /s ~ 240 GeV (2)

[ Invisible Higgs with Z to I+l- |

a

With ZH — ete"X and putu X events (cont’d)

+ Measure invisible decay branching ratio (X = nothin

e Precision on BR, ~ 1% with 250 fb™!

e Orexclude BR, > ~2% at 95% C.L.

a

Measure other o,,xBR(H— ff,VV)

< 2000

[

© 1800

0

< 1600

@
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+ With exclusive selections of Z and H decays
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CMS Simulation

||ll

IIIIIIIH

|l|l|

||||||

HlllllllllT

= Signal

— 77
— W

— vy

%ﬁ All backgrounds

LEP3, 500 fb™,

60

et S

ol XSS XK R BRI
XTSI REERKICKKKK

IR

= R
e s
= X ERSREREARIRERAEREKRKRK
o% KRR RE KL KRR KRAKRY
S QIO TAII U St e ko0
o WL e IO PN B e v s T AN

120 130 140 150
Higgs mass (GeV)

90 100 110

e Precision of 1.5% to 8% with 250 fb™! for the copious decays (bb, WW, gg, T, cc)

e Need more luminosity for rare decays (yy, Zy, uw)

= Particle flow, b and c tagging, lepton and photon capabilities needed

ZH— qqbb, 250 b

{ @ ++ + Data
7 Fit result
1000
4 m,, =120 GeV
500
0 T —————
100 120 140

Mass from 5C fit [GeV]

ZH— lIWW— lllv

H -> WW (212qlv channel)

Events / 2 GeV

qq, 500 fb™

40

nal (All)

+=+ Signal (Other)
58 All backgrounds
—_—zz
— ww

35

30

25

CMS Simulation
3

LEP3, 500 fb”, {5=240 GeV

ZH— Xyy, 500 fb*

CMS Simulation

50

B

300

250

Events / 2 GeV

Signal
All backgrounds
Z->qqbar
Z>1+l-

Z->vvbar

200

150

= ———
s N2

S T
S EREILILILL:

LEP3, 500 fb", y$=240 GeV

R R RN X
2090909099 ORI DDOON
e R N~
000000 S S sebrece et
I
SIS
R
09 eSS
% O et
OO ]
I
e R
B B88388% el
T o 0009090%3 550
OO SIS S
OO KL e
O RIS 2
IR 009039969999 09595
OO eSS % 8
SIS s R 009000905
RIS 053 e BOO000%0%0%0%%%
LI, 2505 % 30909090%0%090%0%090%9%%
IR 02 KRS8 Eogasateresetatoretetetel]
ORI, X 5 I
B e S SRS K SRR
SRS S s 2000000590959
200% L o303 2o 0o
09069658 S RRRAARIIINS

Events / 2 GeV

XX

135
Higgs mass (GeV)

Higgs -> mu+ mu

ZH— Xuu, 2 ab?

CMS Simulation

LEP3, 500 fb", {5=240 GeV
Four detectors

]
e ssssvco st M\
R ]
S TS
it

S SN HUSIES SRt
ot es s tnss s eissoion
SIS
R i
S S RS
s s osesosisseussses Seissny oo
S5 IS St S0
SSse % 8K KN
LI e
R R R RIS
R I
A A S R SR
B B R RSB RSRASS e
Higgs mass (GeV)

Patrick Janot

14/05/13

[10,15,16]



Higgs measurements at /s ~ 240 GeV (3)

o Higgs width from the Hvv final state  _ . € 7z
+ Fromo,,_y and BR(H— WW) \'\|/ A
2 \N' )
® Oww—H ~ 9 Hww b————H - > <
e BR(H=>WW) =TI ,ww/ITy~9www/ I W X
= I}, ~ Oywop/ BRH—= WW) e” Ve ef “H
GHww

+ Contribution to Hvv from HZ ~ 4o pb

e Needs adequate b tagging and particle flow

e Known from ZH — efe" X and ptu™X > 220 o
(0] - — -fusion
L] L] L N -_ e i -
+ Contribution from WW fusion ~ 6 pb P ok e s
[ = — fi It
e To be measured 8 100p . simulated data
© 140
+ Select vvbb events from ZH and WW fusion £ 120
2 100

+ Fit the missing mass distribution for N\ _p—p, ——F Pl
® O, X BR(H— bb) known to ~1.5% or better ST e e w0 10 e (GeV]
® Oww—H = Nww—H-bp/ BR(H— bb)
» Precision on oyy_ ~ 14% with 250 fb™!

» [, ~ oyww-n/ BR(H— WW), measured up to 15% precision with 250 fb* [17]

Patrick Janot
14/05/13 29



Higgs measurements at /s ~ 240 GeV (4)

a Higgs width from the ZZZ final state
+ Number of ZZZ events ~ 0,,; x BR(H— ZZ)
® Opz~ 9%z
® BR(H=ZZ) =Tz~ 9hzz/ Ty
= Number of ZZZ events / |

Sl I —
¢ Select IYI"I Y| ~X events ( ~ background and H =WW free)

, Known to 6% /%
-1 .
e Number of events in 250 fb* @ 240 GeV : from IFI"X events
= 250 fb'*x 200 fb x BR(H—ZZ) x BR(Z—1l)2 x 3 with 250 fb-1

— About 40 events, of which ~25 selected

+ Hence measure the total width I', with a precision of 21%
e Reduced to 12% in combination with WW fusion measurement
= Could be further reduced with other Z decays
(Need full simulation and WW/ZZ simultaneous fit)

+ Note : Precision of a few % can be reached on T’ if one assumes no exotic Higgs decays

Patrick Janot
14/05/13 30



Measurements at 1/s ~ 350 GeV (ILC/TLEP) [1]

o Luminosity similar for ILC and TLEP

'e 400 = s =350 GeV - Simulated Data
¢ AteachIP:350fbloversyears S F 1 WW Fusion
. : L 350 ! HZ
e With possibly 4 detectors at TLEP = | { Background
= ‘it resu
+ More study of the Hvv final state with H—>bb = 300 | H e

e Contribution fromHZ : ~ 25 fb

e Z

e H

50

.....

¢ v, 50 100 150 200 250
W Missing mass (GeV/cz)
————————— H
Wi ILC (250+350) | TLEP (240+350)
¢ e @ 12% — 4% 2.2% — 1.5%
I'y 10% — 5.5% 1.8% — 1.3%

= Improves precision on I';, and HWW coupling
= Smaller improvement of other 5xBR measurements

Patrick Janot [10 1 ]
14/05/13 117



Top Measurements at v/s ~ 350 GeV (1)

a Scan of the tt threshold

+ Observables o, Az and <p,™**> sensitive tom,,, I',,, and A, (ttH Yukawa coupling)
e Experimental precision (for ILC) ‘
= No beamstrahlung at TLEP is a advantage

—0.45 ¢ — 28 [ 176 Gav e 02 r
=04 E L. e 18 26 | M © €o.18
S = 5
50.35 . s 24 i’ 2916
8 . E Z 5> :_+ S0.14
- - - e~
8 = E 20 F J So.12
S0.25 . = = + -2 T
= ‘é’ 18 - 0.1
0.2 | = + =
= g 16 | + go0.08
0.15 E ., B 14 | s+ Fo.06 [
- = - -
.1 E . 8 12 | * 0.04 |-
ke - =
0.05 [ Oy 10 | Pyme o.02 [ Agg
O - ' 1 ' l ' L 1 L I 1 1 1 1 8 :l 1 1 1 l 1 'l 1 ' l 1 ' 1 1 O : ' 1 1 l 1 1 1 1 I 1 1 1 1
345.8 348.6 351.4 354.2 345.8 348.6 351.4 354.2 345.8 348.6 351.4 354.2
Ecm(GeV) Ecm(GeV) Ecm(GeV)

e Sensitivity with 300 fb-*for ILC (expected to be better for TLEP)

Arntop AT’ top A)“top,z'top
30 MeV (0.02%) 35 MeV (3%) 30%
e Studies of rare top decays M. Martinez and R. Miquel, 2003
Patrick Janot L.P.C. Seminar
Clermont Ferrand, 12 Apr 2013 43
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