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Higgs @ LHC

proton - (anti)proton cross sections
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CMS Experiment at the LHC, CERN
Data recorded: 2012-May-27 23:35:47.2
Run/Event: 195099 / 137440354

e

Specific Final State...
. Overlap with lots of PU events
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Higgs @ CEPC

108 b

Number of events

for Sab~!

10° |

o[fb]

0% e

Process Cross section Events in 5 ab™—!

\] fusioil J— Higgs boson production, cross section in fb
' ete” - ZH 212 1.06 x 108

LA e etem = voH 672 3.36 x 10"

45 10°

| ete™ = ete H 0.63 3.15 x 103

50- 1050 150 20:0 250 BDiD 350 40 Total 219 1.10 x 106
Vs [G\l\l]

Observables: Higgs mass, CP, o(ZH), event rates ( o(ZH, vvH)*Br(H->X) )

Derive: Higgs width, branching ratios & absolute value of coupling constants
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Simulated Higgs Event @ CEPC

DRUID, RunNum = 0, EventNum = 1

~25% of Higgs events

18/08/2016

DRUID, RunNum = 0, EventNum = 5401
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~50%' -"of Higgs events



Higgs at e+e- & proton colliders

Productivity Finding Remarks
efficiency
Run 1: 10° Lots of Pile Up; Large theoretical/systematic
LHC ~0(10%°) uncertainties.
Run 2/HL: Access to signal strength in major decay channels;
108 Access to g(HHH)/g(Htt).
Absolute measurements in very clean environment;
0(0.1%) accuracy on key observable (g(HZZ));
CEPC 10° ~0(1) Excellent precision to total width, invisible/exotic
decay ratios;
Indirect constrain to g(HHH)/g(Htt);
SPPC
- 10°1° > 0(107%)?? Good access to Higgs rare decay/generation,
FCC-hh g(HHH)/g(HLtt),

18/08/2016

High complementarity between electron-positron & pp colliders
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Simulation: Objectives

 Explore & Demonstrate

the Physics Potential

] Physics
- Cooperate with Peﬁo¥mance

Theory/pheon studies

 Deliver the optimized
detector design

- Cooperate with
machine/Detector Reconstruction Detector
hardware design AR Design

 Develop the mandatory
software tools

18/08/2016 7



CEPC Conceptual detector, developed
from ILD

Higgs 4

qa, Strategy: make all the possible

ag measurements in each

different channel and combine
the result!

TT, UM
WW, ZZ, ~
ZyY, Yy
I W a9 Z boson
decay
Final state

A detector reconstruct all the physics object (lepton, photon, tau, Jet, MET, ...) with high
efficiency/precision

High Precision VTX located close to IP: b, ¢, tau tagging
High Precision Tracking system: 5(1/Pt) ~ 2*10°(GeV™")
PFA oriented Calorimeter System (~o(10°) channels): Tagging, ID, Jet energy resolution, ect

18/08/2016 8



Software Toolkits & information Chain

_ Analysis &
Physics - Extraction of physics
models \‘ Faithful / parameter

representation,

Generator: < Precise interpretation  — Reconstructed

Patrons Physics object
Generator: Reconstructed

Final state particles Particles (PFA)

Trackers
& Clusters

Full Simulation
Reconstructio

Simulated
Detector Hits

...Indistinguishable...

Really Data Digitized Hits

Fully operational,
Many crucial packages (Simulation, Digitization, PFA-PID, Event Displays)

18/08/2016 developed



Reconstructions
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CEPC Higgs program: a sub-set

* Higgs rates: ~ 200 analyses according to composition of physics objects (e, mu, tau, b, ¢, g, MET):

Recoil mass and Xsec measurement via eeH, mumuH and qgH: 3 independent analyses

Jets: 4-5 independent analyses

 o(eeH, mumuH, vvH, qqH & tautauH)*Br(H->bb, cc, gg)

* vvH event need to be decoupled into Z->vv and W fusion contributions

Simple Objects: 14 — 15 analyses
 o(eeH, mumuH, vvH, qqH & tautauH)*Br(H->tautau), Br(H->mumu), Br(H->di photon)

Br(H->ZZ/WW/Zgamma): exclude all events with tau...

 o(eeH, mumuH, vvH, qqH, tautauH)*Br(H->ZGamma), Z->ee, mumu, tautau, vv, bb, cc, uds, 35
analyses...

* o(eeH, mumuH, vwH, qqH, tautauH)*Br(H->WW*), WW*->llvv, Ivqq, 4q: 50 analyses

* o(eeH, mumuH, vwvH, qqH, tautauH)*Br(H->2Z*), ZZ*->4l, llvv, llqq, vvqq, 4q: 70 analyses
« Higgs exotics: 25 analyses
- Higgs->invisible: via eeH, mumuH, qqH: 3 ananlyses
- ZH->llvvbb: 2 analyses
- Br(Higgs->ee, emu, etau, mutau), 20 analyses

» Higgs Differential Xsec: as for quantum number measurements
18/08/2016 11



PreCDR—now

A
Higgs
qq,
gg
—»
HH, YY
T
WW, 27
2y
>
| Y qq Zboson Significant progress had been made on
decay Br(H->bb, cc, gg)
Final state Br(H->WW, ZZ)

- FullSim Br(H->exoic)

Extrapolation

18/08/2016 12



Entries/(.2 GeV

Model-independent measurement of o(ZH)

Zhenxing Chen & Yacine Haddad

. 210’
: CEPC Preliminary CEPC Preliminary g i '[' I|2IHI|nl1H=I155.GLU; Ip::tlie_l. ‘;*]' =Ii.'llll.{'.|ill T
Z— pu [Ldl:th'] Isr’r:JId1:5ah' =] - I WW— qgag
3000~ : 1500 e S L [ Lat=sao”
B —— CEPC Simulation #— CEPC Simulation > L 22— g0
- —— 5+B Fit - L —— S+B Fil w r E82z- g R
- - B E 2 q4q — |_
» —— Signal -;il —— Signal 200 = 1 =
| —— Background ':....f Background r I
- L L
20001 0.9% <l 1000 1.5% F 0.65%
S X L
- ' C
- 100
1 = . L
= 5
50
1 1 | L 1 ] - o
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M, ol G€V] M; 5 [GeV] MyecoilGEV]

2

* Recoil mass method. Combined © P2 . AN 7 7
precision: P mj + 2 Re -"‘*-.w\:i,~,\-*"' . ’t._m_v_m_f.-i" n "‘\\.,W.__,C’J
50(ZH)/o(ZH) = 0.5% - n >W \ 2 VAR ( VA )

&g(HZZ)/g(HZZ) = 0.25% e “h Sho !

5240 = 100 (207 + 0.0148,) %

 Indirect Access to g(HHH)
M. McCullough, 1312.3322
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Workflow for Br(H->bb, cc, gg) measurements

3. BDT & final results

2. Selection

Cut efficiencies and optimal cut value

THVA overtraining check for classifier: BOT —
T

Seral efiescy —== sy x T TS

Cut Definition Sig. qq qqnn qqln xxh z E :
FSClasser output 148955 | 25M 183687 3698817 63194 Fo ] ;
Yu Bai Npro(E>04Gev) > 20 148808 | 23M 163088 3439927 58882 Bof de
u bal, 110 < Eqgqa < 150 132561 | 10M 125878 705357 34215 o2 :
Bovan Pr>19 126006 | 34198 116314 627602 32300 NN i
yang, Tsolation lepton veto 123586 | 33775 115867 327206 23773 et tor o : [
. 100 < Minv < 135 1 17845 9506 10420 1625 1 1 2 1277 (a) Cut efficiencics and optimal cut value. (b) Overtraining check for classifier.
Hao Llang 4 70 < M < 125 111886 | 7521 10045 110426 20458 I
Shuyang Hu, 015 <y <1 111353 | 7405 9702 101797 19983 -
. 123 < 0.06 105078 | 6644 8456 69313 14495
Zhenxmg Chen, yaa < 0.008 100117 | 6504 7878 58532 6899 ‘
etc ~0.98 < cos(03) )< —-0.4 | 97277 | 5178 5365 33293 6273 -
BDT > —0.01 76666 | 344 118 69 1594 -
Significance 265.20 .,
Efficiency 51.5% . ot ™
' Template fit
Flavor tagging vwvH ~
e i EREO Y “F i g Template: 2000 fb-1
g e ceVents - s
00— Fit Times: 5000
-t No SM bkg in template fit,
3 since no full simulation
(a) The B-C Likeliness plot for H — bb (b) The B-C Likeliness plot for H — ¢ gencer e Jr—
__——F t | L
S = b
Figure 7: The B-C kac.lm:ss characteristics for Signal and ol.h:vl Higgs Background. The Standard e e
Rbb Beg Comments
CEPC, 5ab? | ILC, 250fb-! CEPC ILC CEPC ILC
mumul 0.89% 3.3% 49,504 22.6% 7.0%% 33.0% Full Simulated Sig + Bkg (Bkg using pre-selection
geH 1.3% 3.8% 11.8% 26.8% 10.6% 31.3% technology)
qaqi 0.25% 1.5% 12.2% 10.2% 18.8% 13.1%
vyvH 0.4 2.09% 2.7% 11.0% 1.3% 14.0% Full 5im Sig + Fast Sim Bkg for event selection;
No 5M Bkg for Template fit
18 [ combined 0.2% 1.0% 2.5% 6.9% 1.3% 8.5%




Dan Yu

Entries

18/08/2016

Br(H—di tau)

& Tagged s tau events dafy

300 T 1 :
| —%— CEPC Simulation | 4
i —— S+B Fit 7 1000
- e sig - s.’" b
I ZH,ZZ, WW bkg o WH Yy S
200 B | W
: . o=
| -
i _ = 500
100 - .
B :: - () b |
= #‘& '-,"— ’ .+ ; h - -5 “
0 n..h..-..s*v" [ 1 ["'-.. %‘f&.% logl,ﬂ( D02+Z{'2)
-5 ) 0 s 5
logw(DO +7.0°)
Status Accuracy
mumuH Full Simulated Signal and SM background 3%
eeH -
vvH Full Simulated Signal and Higgs background 1%
Await for SM background generation
qqH Await for tau finder in jet environment
Combined <1%
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Higgs rare decay

Feng Wang, Jianhuan Xiang, etc Binlong Wang, Zhenwei Cui

s IR £l N B CEPC
Backgroud N fvﬂ_ Backgroud : - 15 Preliminars
% 7 | o
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5 2001 i I
_ VAN L~ Br(H—pp):
T M T Muon identification & Track
M, [GeV] M, [GeV] Momentum resolution
18/08/2016
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Events/(1.2 Gev/c?)

Higgs to ZZ/\WW

Portal to Higgs width & perfect test bed for detector/reconstruction performance...

Z— i, Ho Z7%; J L =497 ab”

4500 E— CEPC Preliminary
400(3 |
35005 III
== 1
3000 = — Higgs->ZZ* 1
2500 = ' . p !
2000 E- Wei Yuqian Lo
1500 £ o
1000 = - E
- T Iz' L
500 & - l.';‘ ,‘:" R %
i—"'l |...|...IT"’“-.-
0 20 40 60 80 100 120 140 160 180 200
I
MFI::al states of nggS(GeV/ C )
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Entries/(1.2 Ge\’fcz)

Liao libo, H-WW*—lvqq, Z—ll

— Signal
—— Higgs Background
— L1 Background

|

CEPC Preliminary




BF(H—>WW)

Expected Number of events with different objects

Z—ll tautau
H-WW*—4q 3.45k
MVQaq 1.14k 6.47k
evqq 1.14k 6.47k [ B. Liao
eevv 93 927 1.9k
MUVV 93 927 1.9k
euvv 186 1154 3.7k
X + tau 3.2k 1.6k 9.14k 32.0k

18/08/2016

Extrapolated from ILC results

Await for tau finder

Await for the SM Background simulation

Full Simulation

Preliminary result acquired

Unexplored

18



BF(H—>WW)

ZH, H->WW* Yield Object Isolation Signal Main Accuracy Combined
reconstructed Efficiency Background

Z(up)H(evev) 88 76(86.36%) 61(80.26%) 36(40.91%) 4(ZH) 17.57%

Z(pp)H(pvuv) 89 80(89.89%) | 77(96.25%) | 52(58.43%) | 6(ZH&ZZ) 14.65%
Z(up)H(evuv) 174 157(90.23%) | 147(93.63%) | 105(60.34%) 0 9.76% 2.68%
Z(uu)H(evqq) 1105 1042(94.30%) | 864(82.92%) | 663(60.00%) 45(ZH) 4.02%
Z(p)H(uvagq) 1110 1056(95.14%) | 988(93.56%) | 717(64.59%) | 159(ZH&ZZ) 4.13%
Z(up)H(ggqqq) Preliminary 3.0%
Z(ee)H[evev) 91 62(68.13%) 60(96.77%) 22(24.16%) 16(SZ) 28.02%

Z(ee)H(pvuv) 82 63(76.83%) 63(100%) 44(53.66%) 24(SZ) 18.74%

Z(ee)H(evuv) 178 132(74.16%) | 124(93.94%) | 82(46.07%) 25(ZH&SZ) 12.61% 2.87%
Z(ee)H(evqq) 1182 1041(88.07%) | 916(87.99%) | 621(51.78%) | 188(SZ&ZH) 4.62%

Z(ee)H(uvqq) 1221 1194(97.79%) | 1048(87.77%) | 684(56.02%) | 49(ZH&SZ) 3.96%

Z(ee)H(qqqq) Preliminary estimation 3.2%

Full Simulation on 12 independent channels

- Very high object reconstruction efficiency

- Combined result: 1.45%

Extrapolation from other ILC channels: 1.59%

Combined: 1.07%

18/08/2016

H—-WW*—4q

uvaq

19
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BF(H—>ZZ)

Expected Number of events with different objects

Z—ll tautau vV qq
H—-ZZ*—4q 388 444
2v + 2q 254
2| + 2q - 85
4v 73 36 756
2| + 2v 49 24 170 508
4 8 4 28 86
X + tau 120 60 418 1246

Await for tau finder

Promising channels

Unexplored

limited accuracy ~ > 50%

YQ. Wei

More than 2 jets, Await for sophisticated Jet Clustering

Explored by H->invisible analysis -> Accuracy ~ 40%

20



BF(H—>ZZ)

Z7Z* Yield Object Signal Main Accuracy Comments
reconstructed | Efficiency(%) Background (%)
Huvvqgq 128 118 63.3 h->ww&zz_sl 129 Tau finder would be
puqqQvv 128 125 - h->bb&zz sl >25 highly appreciated
eevvgq 132 91 53.8 h->wwé&sze sl 15.8
eeqqvv 132 88 - h->bb&zz_sl =25 Reccf-nstmcted
—— 158 144 614 h>tw&zz_s| 11.0 Efﬁc&i“cg' of EIEC““:;
VVQQui 158 149 51.9 h->w,b&zz_s] 129 nieed to be tmprove
vveeqq 151 118 43.1 h->wé&sze_sl 21.3
vvqgee 151 134 - h-=bb&sze_sl =25
qquuvv 135 115 - h->tt&zz_sl =25 Compare to ll recoil,
135 122 : hotwazz sl 25 qq recoil mass has
A9vvRK “twaez s - much worse
qqgeevv 127 107 - h->tt&sze sl >25b distinguishing power
qqvvee 127 123 - h->t w&sze sl 25 to SM background
HHHpqq/qapp 43 39 69.8 h->tt&zz sl 19.9 Tau finder & Electron
upeeqq/qgee 43 39 60.5 h->tt&zz sl 21.2 Reconstruction
eeeeqq/eeqqee 43 33 - h->tt&sze_sl >25b
eepupqq,/eeqqup 43 41 58.2 h->tt&sze_sl 19.9

Full Simulation analysis performed on 16 independent channels.
8 Channels acquire accuracy better than 25%.

Combined accuracy: 5.4%

If electron id efficiency ~ muon id: 4.8%
TLEP extrapolation: 4.3%

18/08/2016



o(vvH)*Br(H—Dbb), Higgs width

Relative Accuracy of
o(ZH)*Br(H—bb): 2.8%

I'total : determined to:

- 4.4% from o(ZH) (~
o(ZH)*Br(H—Z2) (~

g*(HZZ)) and
g*(HZZ)/ I_total)

- 3.3% from o(ZH)*Br(H—bb),

o(vvH)*Br(H—bb),

o(ZH)*Br(H—WW), 6(ZH)

- Combined accuracy: 2.6%

18/08/2016

6000

Entries/2 GeV

==<2000 -

4000

CEPC Preliminary

[ 4 CEPC Simulation
- — S+BFit
| —— WW Fusion

WW Fusion; J L=5ah"
ZH Backgrounds
Other Eackgr-:-n.ndsJ'

A

bh
M _[GeV]
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BSM

http://arxiv.org/abs/1312.4992
http://arxiv.org/abs/1512.06877
http://indico.ihep.ac.cn/event/5592/contribution/5/material/slides/0.pdf

23


http://arxiv.org/abs/1312.4992

Higgs invisible decays

Assuming sigma(ZH)*Br(H->inv) = 200 fb

CEPC Prﬂt]iminary L CEPC Preliminary 10000 L CEPC Preliminary
,“]00 | I— uus J Ldt= 5ah™ 2000 ; Z- e'e; _I.Ldt =5ab’ : 7 qf; ,[Ldt: sab!
—4— CEPC Simulation i —4— CEPC Simulation 8000 % CEPC Simulation """
> 'ﬁ — S.B Fit > - — S+B Fit > —— S+BFit
= —— Signal o B —— Signal @ —— Singal
& Background U 1500 B Background U 3 /\ Background
12000 a | g 6000 ‘
E i c’ : g : S
g 21000 g _
Z =T = 4000 / _
= - =
= 1000 - 5 = \
[ 500~ 2000 \
L _ :‘-m-.&_ M
0 [+ L/ 1 I I 0 / | 1 \ I 0 { L L L L | ]
120 125 Ll*bl'uo 135 140 120 125 130 135 100 140 160
ete
I\"II'{'CD]'][G EV] Mrecoil [GEV] [GEV]

Invisible up limit at CEPC: 0.14% at 95% C.L

18/08/2016 24



Up limit of Br(H—ee) & Br(H—eu)

Lei Wang
1000 500 -
P i - L:]-ZI‘C Simulation .
L 800} - n L 4001
% — :*;Ilt',;ahgurg:nd %
&) i &
600 300
S| 4
— —
S S
Z 400 3 200
=" B =
2 2
= =
= 200 = 100+
0 el e 0®
120 125 130 120

Assuming sigma(ZH)*Br(H->ee/eu) = 200 fb

M (GeV/cd)

INvVINass

95% up limit: Br(H->ee) = 1.7e-4;

18/08/2016

Br(H->emu) = 1.2e-4;

—+— CEPC Simulation

= (zlobal Fit

----- CBShape
CBShape

—  Background

i g |

e 125 130
Mim’mass(GEV{cz}
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H—Exotic, Hadronic

b
Semi-invisible X Af’ Visible \/ 4
1) b H |

e Typical processes in 2HDM & NMSSM
« Joint efforts by HK Cluster and IHEP

- Study proposed by T. Liu
- Main analyzer, Jiawei Wang, Kevin & Zhenxing Chen

e 95% CL up limit ~o(10™).
18/08/2016 26



H->Exotic, hadronic

Para: M(LSP) = 0; M(h0) = 15 GeV: M(NLSP) = 20 GeV

L

signal T
Higzs Backgromnds
.15 [— ZIL Backgrounds
Foal Cutl:M;
- (80 — 100 GeV)
1105 _—
_'| IJ
o
¥ s 1m [E
M, {GeVic?)
04 r Sipnal
r Higzs Ba kgrowncds
—— LF Hackgrnumids
03
£ | B-likeness for

most energetic
jet

"z "4 & 0%
Pi'hll

Events

Events

L& —
— Siprnl
Higgs Backgrommds
— . Backgprounds
04—
Cut2: Mmm_
w2l (120 — 150 GeV)
AN
0 - E—
] L LiHy 150
Myl GreWic®)
Sigmal
~ Higes Backgraunds
0.2 __ e T e kproands
B-likeness for
o least energetic jet

J

L F—

0z 4 s [[%:3
P )

1

Evenls

L]

|

—— Xignal

—— Hipggs Backprounds)
— ¥ Hackgroiids

Cut4: Mm:
(10 — 21 GeV)

150
M, (GeVie®)
Object (Cutl  Cutl  Cuti  Cutd
found | m, M, blknes m
Signal 17 15 15 12 10
ZHBGs 0% A2 0030 1a026 4
ZZBGs 3™  BI% A6y 4 i

Cut3: sum(B-likeness) > 0.9

« 95% CL. Uplimt set to be 5E-4; will be significantly improved by including di-electron/tau channel...

« ISR effect not included in the Signal sample. sigma(ZH) refered to SM Xsec of 200 fb. Effect on
uplimit setting could be ignored

18/08/2016
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H—Exotic, Hadronic

- 70
% sig 0.0018
<3 Entries 27
<  s[{Meanx 8586 0.0016
Mean y 42.19
RMS x 27.24 0.0014
s0 [ RMS y 17.87

0.0012
0.001
0.0008

0.0008

0.0004

0.0002

10

Benchmark Points A Era—

M, (GeV)

Scan over the parameter space for sensitivity:

sig
Entries 13
Mean x 17.2
Meany  80.08

1. Fixm 0= 0 GeV and make exclusion contours on the m Darld Mg
plane with the range:

M, (GeV)

10 GeV < m,, <60 GeV (15,25,35,45,55 GeV) gmg ; ;gg?

10 GeV < m_, <125 GeV (20,40,60,80,100,120 GeV)

2. 1Bk m,, =30 GeV and make exclusion contours on the My and
™3 plane, with the range:

0 GeV < m_, <60 GeV (5,15,25,35,45,55 GeV)
10 GeV < My < 125 GeV (20,40,60,80,100,120 GeV)

Suggestedb}'proi.Liu AN I TSN NNl SN SN S ANl AN FEEE

18/08/2016 o 5 10 15 20 25 30 3

45 50
M, (GeV)
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PreCDR—now

PreCDR (Jan 2014) Now (July 2015)
o(ZH) 0.51% 0.50%
o(ZH)*Br(H—bb) 0.28% 0.21%
o(ZH)*Br(H—cc) 2.1% 2.5%
o(ZH)*Br(H—gg) 1.6% 1.3%
o(ZH)*Br(H—-WW) 1.5% 1.1%
o(ZH)*Br(H—Z2) 4.3% 4.3%
o(ZH)*Br(H—TT) 1.2% 1.0%
o(ZH)*Br(H—vy) 9.0% 9.0%
o(ZH)*Br(H—pp) 17% 17%
o(vvH)*Br(H—bb) 2.8% 2.8%
Higgs Mass/MeV 5.9 5.0
o(ZH)*Br(H—inv) 95%. CL = 1.4e-3 1.4e-3
Br(H—ee/emu) - 1.7e-4/1.2e-4

Br(H—bbyxy, 4b)

<103

Br(H—bbyx) < 3e-4

29
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10

— | -+

-1 -0 01
15

« CEPCvs

1 Optimization

ILC: very different collision environment

* The performance:

- wi/wo active cooling?
- At different tracker radius & B-Field?
- Realistic MDI design that satisfy the Radiation & Luminosity Constrain

- Feasibility of different technologies?

- How to measure the beam energy to an accuracy of 1e-5?

18/08/2016
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# channels compare to ILD

tagged off( %)

tagged eff(%)

100

90 k&

100

90 kb

LICH: lepton id at arbitrary granularity...

Table 3 ppH events muon pid efficiency
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TPC Radius & ECAL resolution
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ECAL dynamic range: H—di photon
measurement

—— InvM with saturation 50 mip

InvM with saturation 150 mip

—— InvM with saturation 350 mip

— InvM without saturation

Preliminary
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InviMass

ECAL dynamic range: H—di photon
measurement

Saturation vs InvMass Saturation vs Resolution
C —
130 — 2 L
B s f
N 00,035
i e
120? B
B 03—
110__ I ]
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At 10 mm Cell Size: Require the Dynamic range of at least 1k MIP...
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Summary

« CEPC Physics Program

o(ZH), invisible/exotic branching ratios, Total Width, absolute couplings

Numerous individual analysis, different requirements on the detector/reconstruction

« Significant Progress since PreCDR, especially to Higgs width/exotic decays

« High Reconstruction Performance for Physics Objects

 Long to do list

Polish existing analysis
Dedicated reconstruction algorithms: tau finder & jet clustering
Extend the physics analysis to Differential Distributions

Iterate with Detector Design/Optimization

 New ideas & proposals are welcome
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Meeting & References

 Regular CEPC Software-Analysis meeting: every four months
- Aug 29-31, http://indico.ihep.ac.cn/event/6253/

« Higgs exotic decays & Differential distributions...

- http://arxiv.org/abs/1312.4992
- http://arxiv.org/abs/1512.06877
- http://indico.ihep.ac.cn/event/5592/contribution/5/material/slides/0.pdf

 |CHEP reports:

- http://indico.cern.ch/event/432527/contributions/1071856/attachments/1321305/1981584/1
CHEP2016zhijunv2.pdf

- http://indico.cern.ch/event/432527/contributions/1072435/attachments/1321203/1981368/I
CHEP_CEPC_chenzx.pdf

- http://indico.cern.ch/event/432527/contributions/1071514/attachments/1321190/1981507/IC
HEP_HiggsPhysics at CEPC_18.pdf
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CEPC-SPPC

Booster energy ramp up
10 — 120 GeV

Booster

Collision Ring

lon Linac
Js ~240 GeV

» Electron-positron collision phase

- Higgs factory: collision at ~240 - 250 GeV center-of-mass energy, Instant luminosity ~ 2*10* cm?s™,
1M clean Higgs event at 2 IP over 10 years

- Z pole operation for precise EW measurement

* Proton-Proton collision phase
- center-of-mass energy constrained by tunnel circumference and high-field dipole

- Peak luminosity ~ 1*10% cm™s™ (ArXiv: 1504.06108, discussion on needed Luminosity)

« Tunnel circumference: 54 km in the baseline design. Longer tunnel to be evaluated.
18/08/2016 39



Z—2 muon, |
H-2b

~ Z—2 muon

- H—-WW*—eevv
d \

\
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CEPC Higgs measurements: Team

» Higgs rates: ~ 200 analyses according to composition of physics objects (e, mu, tau, b, c, g, MET):

Recoil mass and Xsec measurement via eeH, mumuH and qqgH:

 |HEP & PKU, ZX. Chen
Jets: 4-5 independent analyses
« SETU, SJTU & IHEP, 401. Y.Bai, ZX Chen, etc
Simple Objects: 14 — 15 analyses
*  PKU(ZW Cui), Chicago University (YT Li, JH Xiang), etc
Br(H->ZZ/WW/Zgamma): exclude all events with tau...
 H->ZZ: IHEP, YQ. Wei
« H->WW: IHEP & SJTU: LB. Liao, etc
Br(H->di tau): IHEP & LLR, D. Yu

>10 active analyzers
« Higgs exotics: 25 analyses

- Higgs->invisible: IHEP & PKU: X. Mo & ZX. Chen
- ZH->llvwbb: Hongkong (JW. Wang)
- Br(Higgs->ee, emu, etau, mutau), PKU (L. Wang & ZW. Cui)

» Higgs Differential Xsec: as for quantum number measurements

18/08/2016 41
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Vertex & Silicon Tracking at ILD

 VTX: Inner most layer Radius: ~15 mm, Spatial resolution: ~ 5 ym

« Massive usage of silicon pixel/strips in the tracking system & VTX: ensures
good accuracy in Impact parameter & momentum measurement

18/08/2016 43



Development of mix Q: electronics: ulff
#channels, 10%-10° G\M — 10° chg

Role of calorimeter N
Measure the incident ene gi")(q

Identify and measure e"gch ent particles with
sufficient energy g 41

DRUID, RunNum = 0, EventNum = 23

10cm
20 GeV Klong reconstructed @ ILD Calo



Higgs width measurement

g°(HXX) ~ T =T _*Br(H->XX)

H—XX total
Branching ratios: determined simply by
- 0(ZH) and o(ZH)*Br(H—>XX)

I'total : determined from:;

- From o(ZH) (~g*(HZZ)) and o(ZH)*Br(H—ZZ) (~g*(HZZ)/T " )

total
- From o(ZH)*Br(H—bb), o(vvH)*Br(H—bb), o(ZH)*Br(H->WW), o(ZH)
 Would be good to have sbme*data at E > 250 GeV

Therefore: at CEPC Higgs program (240-250 GeV operation), [ become

the bottle neck of the coupling fit once Br(H—XX) is measured more
precisely: Br(H—tautau, WW,bb,cc, gg)
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Result

O.inc(}. (gz )2 o.im:
[, x g% z —Wh WW method [y = m x g; O'iq ) ZZ method
JZWO-ZE? ATAI L h

OzH 0.5% from pre-CDR
Ozz =0zH X Br(H -> ZZ%) 4.3% extrapolated from TLEP
Owp =OwH X Br(H -> bb) 2 8% from pre-CDR Up to date

Full Simulation

1.38% latest result from Libo’s work combined
Ozw =0zv X Br(H -> WW") | with the result extrapolated from ILC result » Improved
(1.5% at PreCDR) to 1.1%

Ozb =0zH X Br(H -> bb) 0.28% from pre-CDR

Total Higgs width relative precision
Improved
E —»
. . o)
Yugian Wei m e

Combined Accuracy: 2.6% on Absolute Higgs width
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o[fb]

Number of events
ab™!
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EW@CEPC

Electroweak Fit: S and T Oblique Parameters

Electroweak Fit: S and T Oblique Parameters

0'15;I {éurrent {éﬁ%] 0.047
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S
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s

« EW precision measurements with significantly reduced uncertainties:

Ry, A% B,sin 6’({1ff .Mz, myw, N, ---

Present data CEPC fit
a,(M2) 0.1185 = 0.0006 [23] +1.0 x 1074 [24]
Aal?) (M2) (276.5 + 0.8) x 107 [25] +4.7 x 107° [26]
mz [GeV] 91.1875 = 0.0021 [27]
m, [GeV] (pole) | 173.34 = 0.76,, [28] £0.5,, [26] £0.2,,,£0.54, [29, 30]
my, [GeV] 125.14 £ 0.24 [26] [< 0.1 26]]
my [GeV] | 80.385 = 0015, [23140.004y, [311| [(£8ep = L) x 1073 [31] |
sin? 6% (23153 £ 16) x 107° [27] (£2.3. = 154) x 107° [32)]
Iz [GeV] 2.4952 = 0.0023 [27] [(£Bexp = 0.81) x 10~ [33]]
Ry =T3/Thaa 0.21629 = 0.00066 [27] +£1.7x 10*
Ry =Thaa/Ts 20.767 £ 0.025 [27]
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Reconstruction

Table 3.4 Expected performance of CEPC detector at object level (within geometry acceptance). For the flavor
tagging, the b/c tagging efficiency should preserve a purity of 80% at Z pole sample with hadronic final states

Tracking: Kalman

Fitter based Clupatra Charged particle tagging efficiency (£ > 10 GeV) 99.5%
(ILC tool) Muon identification efficiency (£ > 10 GeV) 08.5%
Electron identification efficiency (E > 10 GeV) 99.5%
Arbor Photon tagging efﬁc1.ency (E. > 1GeV) 95%
Neutral Hadron tagging efficiency (£ > 5 GeV) 90% NAN
Jet Energy resolution 3-4% 4%
Flavor tagging: b-tagging efficiency 90% 87%
LCFIPlus c-tagging efficiency 60% 40%

(ILC tool)

* Fully validated reconstruction chain

» PFA oriented: object finding efficiency & Jet Energy Resolution

18/08/2016

48




SM Lagrangian

= lp, e Lew,we) - Ling,em)

€L

+(pp,,é1) 5#iD,, (’UL ) + erotiDyer + vgotiD,vg + (h.c.)

2 - — —
RE (37L:§L)¢ﬂfeeR+éRﬂfe¢(VL)]
v | o
2 - w N pE—
V2L (Cep ) MY + mp T ( . )J
gL vr,

+(ag,dy,)"iD,, (“L ) + apotiD,ug + dpo*iD,dg + (h.c.)

dr,

(iig,,dr) pMdg + dg M9 ('”’L

dr,

(—dp.ur) ¢* M ug + ugM* 6" (

)

_dL
ur,

)

+(D7;¢¢5)D“¢5 — m?l[gz_&qb — 1;2/ 2]2/2-1..'2.

18/08/2016

(U(1), SU(2) and SU(3) gauge terms)

(lepton dynamical term)
(electron, muon, tauon mass term)

(neutrino mass term)

(quark dynamical term)
(down, strange, bottom mass term)

(up, charmed, top mass term)

(Higgs dynamical and mass term)

(1)
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nggs CP Phase n h — 7_+7__ Decay 1308.1094J
= O Angle H )
. . E_'_I_ .E_ i) "_,,.,l
© = sgn [L?T+ (E- x E+)] arccos — ’ e\ B
|Ex||E—| -
L] - L] L] - g_
< Differential Distribution
. NS IUCE oF A = Reconstructed @ for various |/
D.Iﬂl Trmhlevel@ldndrewm.um d @ f .ﬂ (1} 010 3_ —
ons-f—|_ 0.08 e A=
éu.oﬁl - E‘“'“'
I 2
= E 004
E 004_ E 0.04
0.02 0.02-
Licnwsn ¢ vomgapononoleyrrmassgmepums] 0.00 = =
i].l}ﬂ_3 -3 - g i 3 3 3 2 1 5 1 2 3

<= Precision Measurement ©@ CEPC CEPC preCDR

Colliders LHC HL-LHC CEPC1 CEPC5 CEPCI10

Accuracy(lo)  25° 8.0° 5.5° 2.5° 1.7°
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Enhancement from M; & M,, @ CEPC )

Relative Error
Observables Current CEPC
M 23%x10° | 55x10°~11x%x10"°
My 1.9%x107% | 37x10°~6.2x%x10"°

Table: The Mz and My @ CEPC [z.Liang, “z & W Physics @ cEPC].

Scheme-Independent Analysis

V'}E[Tev] On Or Oww Oss Ows Onw Owus Oﬁ} OP) Or Ok OE'L OLgq Oru Orad Oy

Ho+EwPO | 2.74 10.6 6.38 578 653 215 0.603 857 12.1 10.2 8.78 1.85 0.565 0.391 0.337 39.8
+M; |2.74 10.7 6.38 578 6.54 215 0603 8.61 12.1 10.2 8.78 1.85 0.565 0.391 0.337 39.8
+Mw [2.74 21.0 6.38 578 10.4 215 0.603 15.5 16.4 10.2 8.78 1.85 0.565 0.391 0.337 39.8
+Mz w |2.74 23.7 638 578 11.6 215 0.603 17.4 18.1 10.2 8.78 1.85 0.565 0.391 0.337 39.8

Table: Impacts of the projected Mz and M)y measurements at CEPC on the reach of new physics scale A/, /|¢;| (in

TeV) at 95% C.L. The Higgs observables (including o(v#7h) at 350 GeV) and the existing electroweak precision observables
are always included in each row. The differences among the four rows arise from whether taking into account the
measurements of Mz and My, or not. The second (third) row contains the measurement of M (M,y,) alone, while the first
(last) row contains none (both) of them. We mark the entries of the most significant improvements from Mz / My,

measurements in red color.
1603.03385
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Enhancement from Z-Pole Observables @ CEPC |

N, \ Arg(b) \ R® \ R: \ R” \ sin” 0,
1.8 X 10—3\1.5 X 10_3‘8 X 10—4\5 X 10—4\5 X 10—4\1 x 107

Table: The Z-pole measurements at CEPC [z.Liang, “Z & W Physics @ CEPC'].

/-Pole Observables are IMPORTANT for New Physics Scale Probe

Oy Ot Oww Opg Owr Opw Oug OﬁJ OE’) O, Opg @EL Orq Oru Orqga Og
274 237 638 578 116 2.15 0603 174 181 102 8.78 1.85 0.565 0.391 0.337 398
274 237 638 578 116 2.15 0603 17.5 18.3 10.5 8.78 1.85 0.565 0.391 0.337 39.8
274 240 8.32 580 12.2 2.15 0.603 20.7 23.0 12.5 13.0 2.08 1.62 0.301 3.97 398
274 240 8.33 580 122 215 0603 20.7 230 125 130 7.90 7.890 355 405 398
274 240 854 580 122 2.15 0603 20.7 234 14.4 140 863 862 483 4.71 398
274 240 8.75 580 12.3 2.15 0.603 20.7 23.7 158 149 021 0.21 559 517 398
274 26.3 12.6 5.93 15.3 215 0603 30.2 35.2 19.8 21.6 921 921 559 517 398

Table: Impacts of the projected Z-pole measurements at the CEPC on the reach of new physics scale A/, /|c;| (in TeV)

at 95% C.L. For comparison, the first row of this table repeats the last row of Table ??, as our starting point of this table. For
the (n + 1)-th row, the first n observables are taken into account. In addition, the estimated Mz and My, measurements at
the CEPC, the Higgs observables (HO), and the existing electroweak precision observables (EWPQ) are always included for
each row. The entries with major enhancements of the new physics scale limit are marked in red color.

A factor of 2 enhancement from Z-Pole Observables
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Angular Observable in Higgsstrahlung 1512.05377J

< CP violating dim-6 operators

-

Ogm = (T0)T(2TD) Opw = (BTR)W], WTH R S =
ch = (rbfﬂr@) (21D, @) Opp = (¢TP) B, B / -
(w = (@HD ) (fy10) Ovwp = (D77 &)W], B
(,,p = (®f an (D) (fy'rll) Oy = (@f@)ﬁ;,,ﬁﬂfw do
Oge = (P zD,ﬁD)(cﬂ‘ e = (270) By, B d¢bdcos 61 dcos 6,
Our, = (by, ) (Iv"€) QMB (BT fq:)n B
Observables

o (s)
AD =2 [ agaionir
= — sSgn|sin —
o = ) d¢ee ) 3a
(3) _ 1 2 . .
A¢ = — d¢ sgn(cos &)

o JO

Ac91,|:92

1 1
Ag. = — / dcos ¢ 20
o, o cos 01 sgn(cos(261)) dcos 0
@ = L [*" 44 sgn(sin2e)) 27
Ad) = = fﬂ d¢ sgn(sin(2¢)) do
@_ L g
Ay =~ fo d¢ sgn(cos(2¢)) —=

d?o

1 rt 1
— dcos 01sgn(cos 01 f dcos @psgn(cos p) ————
o /—1 an( ) —1 en( )dcos @1dcos 6>
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Angul le in Hi hi
ngular Observable in Higgsstrahlung 151206077 |
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10 A4, L ax a g g
o ag = Pt Pl B L gl 3 1 oz =
—~ ~(1) ~V ~A ~ - —~
azz7 oz gy gy QA7 S8y 5gA x5 Q5
rate 0.00064 0.0035 0.0079 0.00059 0.012 0.023 0.0018 oo o0
angles 0.016 0o 0.0058 0.078 0.0087 0.017 0.23 0.012 0.036
total 0.00064 0.0035 0.0047 0.00059 0.0070 0.014 0.0018 0.012 0.036

54






22/07/2016

LICH: different HCAL layer
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LICH: different HCAL cell size
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LICH: different ECAL Cell size

ecal cellslze 5mm
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Calo Discussion
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LICH: different ECAL Layers

ecal 20 layers

ecal 26 layers

tagged effi % )

==clectron
—muon

plon

-
=
=

tagzed effi % )

==glectron
—muon

plon

ecal 30 layers

Energy

Calo Discussion

20
1 10 10° 1 10 10°
Energy Energy
Table 3 upH events muon pid efficiency
Geom 1 Geom 2 Geom 3
ECAL N layers 30 30 20
ECAL cell size 10 20 20
HCAL N layers 48 48 20
HCAL cell size 10 20 20
L H efficiency (%) g7.99+0.44 96.48 £0.58 95.17+£0.73
# channels compare to ILD:
ECAL 1/4 1/16 1/24
HCAL 1 1/4 1/10
22/07/2016
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