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Introduction: Benchmark Physics
Process Measurement Overview

Physics Motivation

+ Crucial to understand EW mechanism - CEPCis ideal for such measurement
. » Clean background
+ Reason of fermions mass
- Utility of recoil mass, free of higgs decay channel

- Is there only one higgs boson? + High luminosity

One of the benchmark measurement in CEPC

Physics Process  Measured Quantity Critical Detector Required Performance

ZH — €76~ X  Higgs mass, cross section Tracker A(l/pr) ~ 2x10°°

H—= /J_.[l_ BR(H — [lf‘[l_) @1 x 1073/ (pr sin 0) Excellent flavor tagging
H — bb, ¢, g9 BR(H — bb, ci, gg) Vertex Ors ~ 5@ 10/(psin®/? 0) um . .

H- g3 VV  BR(H —qq, VV) ECAL, HCAL T JE ~ 3 - 4% ca pabl I Ity requl red

H = vy BR(H - v7Y) ECAL og ~ 16%/VE ® 1% (GeV)




Introduction: Signal Process

- ZH->ll+jj (Zhenxing Chen) ZH->11+jj ﬁ/s = 250 GeV X

a |

e /H production with Z decay to muon pair,
H decay to bb/cc quark or gluon pair

« Very clean signal in muon pair invariant
mass and recoil mass

ZH->VVv+jj
- ZH->vv+jj(Yulei Zhang, Dikai Li, Hao Liang) \
e Via ZH(~86%) or WW fusion(~14%) S H i

e Clean background

ZH->multi-jets

- ZH->Multi-jet (Boyang Li, Yu Bai)

F . ‘.
-
/_’i""“ ”“ D

 Both Z and Higgs decay hadronically

* Much larger cross section than semi- . ~
leptonic channel "’

Integral luminosity of 5000 fb-1 is assumed in these study, corresponding to that of a few years
of CEPC running
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Analysis Outline

Event Preselection

vvH Channel IIH Channel ggH Channel

Dominant WW/ZZ->semi-lep, Z/Z semi-lep,
Background quark pair Other Higgs
production, Processes
Other Higgs Process

WW/ZZ hadronic,
quark-pair
production

Missing Energy, Jets

pair invariant/recoil Lepton pair invariant | Jet multiplicity, jet

Mass, Lepton pair paring(invariant
recoil Mass, Jets mass and angular
invariant Mass distribution)

Discriminator

masses, jet
multiplicity(yth-
value).

Flavor Tagging L CFIPlus: MVA flavor weight,
Template fit or other methods

The outcome currently interpreted in terms of oxbr with statistic uncertainty



Events

ZH->|1+]) Channel

Final states, 2 muons/electrons + 2 jets.
Using invariant mass of muon pair, jet pair, and the recoil mass
of muon pair

Recoil mass study see: http://indico.ihep.ac.cn/event/5592/contribution/7/material/slides/0.pdf

Lepton pair invariant mass between Lepton pair recoil mass between jet pair recoil mass between
70 - 105 GeV 120 - 150 GeV(120 - 160 GeV for ee channel) 105 - 135 GeV
")‘ Sigmal "" Signal 1o — Skgnal /]
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Results of Event Selection|  Signal  higgsbkg  non-higgs bkg
ee channel 9.42k 1.87k 11.1k
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upchannel 5 165k =~ 334k 7.81k



http://indico.ihep.ac.cn/event/5592/contribution/7/material/slides/0.pdf

vv+]) Channel, Datasets and
Event Pre-selection

Datasets: Event yields after Cut flow
Name Statistics | weight Note Cut Definition Sig. qq qggnn qqin xxh
vwH 5000fb~! 1 Full simulation FSClasser output 148955 | 25M 183687 3698817 63194
(qq.e¢*e .t )H | 5000fb~" I Full simulation NpeoE>0.4Gev) > 20 148808 | 23M 163088 3439927 58882
Tt H 0 0 Not available 110 < Ejgq < 150 132561 | 10M 125878 705357 34215
2fermions/4fermions | 500fb~! 10 Fast simulation Pr>19 126006 | 34198 116314 627602 32300
[solation lepton veto 123586 | 33775 115867 327206 23773
Generator: Whizard, Simulation arbor 100 < Min\' < 135 117845 9506 10420 162511 21277
Major SM background are with qqin, ggnn and qq events 70 < My < 125 111886 | 7521 10045 110426 20458
0.15<ypp <1 111353 | 7405 9702 101797 19983
Event Pre-selection: Y23 < 0.06 105078 | 6644 8456 69313 14495
. yas < 0.008 100117 | 6504 7878 58532 6899
i = Yie
Number of particles(PFO) >=20 -0.98 < cos(@ 1™ ) < 0.4 | 97277 | 5178 5365 33293 6273
* Visible Energy between 110 and 150 Ge BDT > -0.01 76666 | 344 118 69 1594
* |solated electron and isolated muon veto Significance 26520
Efficiency 51.5%
* yv12 between 0.15 and 1.0, y23<0.086, y34<0.008
Signal and xxh background ~ 5000/fb
e COs O between -0.98 and -0.4, g g
,qann,qqin ~ 500/fb
« BDT Cut a%dann.aq
Signal yields: 76.6k, background: 6.9k
Very high signal/background ratio
Signal Background

Much better than ILC Results: Likelihood ratio

LR > 0.165

6293

10940



Multi-jets Channel

Majority decay FS in HZ production Datasets:

Large Statistics . Main background: Irreducible
background from WW/ZZ and quark
pair process
Slrategy: make all the possible Fu" SImu.Iatlon Sample Elsed .
o measurements in each - Quark pair sample are filtered due to its

e S S huge cross section and low rate to
passing the event selection

Higgs 4

w 9 7 boson
decay
Final state

With 4 jets in final states, which two jets should be used to do template fit
(from higgs) is not straightforward.



Event Selection and Cut flow

Vg4l &

] it

SRS

% % Y34 X>021 BDT>-0.19
WEEN  wrwer >206GeV > 0.007 #>9 40 > 0.92
e {ES 493947 459972 393979 371240 318163 236652 211281
(4% —bb 413299 381470 325137 305982 261808 197510 177447
{898 —cc 19362 18690 15976 14903 12610 9562 8324
(&% —gg 61286 59812 52866 50355 43745 29580 25510
AT 45 % 75M 50.6M 26.4M 21.4M 13.55M 3.15M 1.52M
BT R 299534 109529 100813 82281 71987 38579 32653
W ?;éﬂ‘ 36.83M 28.19M 21.32M 18.78M 12.16M 2.2M 1.08M
23.86M
HEFL (250M) 20.37M 5.207M 2.601M 1.315M 907188 405567
VY 8 2K 1
14.72M 1.967M 218394 27487 4745 3012 580
BrEw

See Boyang’s talk with detail

After event selection, the dominant background are WW/ZZ hadronic decay

Better than ILC Results: [L.ikelihood ratio

LR = 0.375

13726

166807



Template Fit and ToyMC Results

data

: - 1 .2
qq pair B Xa X§

qq pair + neitheris q  xzxZ+ (1—x3)(1—x})

L

2 (49 = bb,cc) fd>

CEPC Results

vvH
+a'H +0H .
e*e MM (2500 fb-1) qqH combined
Large uncertainty due to SM bkg
ob 1.000£0.013 1.000+£0.009 0.997+0.006 1.000+0.003
Fec 1.002£0.118 0.993+0.095 1.008+0.038 | 1.000£0.120 |--"1.00+0.02 _
| | Comparable results in IIH channel
fog 0.998+0.106 0.991+0.070 1.020+0.019 | 1.001£0.189 | 1.00+0.01 Much better result in vvH channel
Much worse results(for rc and rg) in
ILC Results qgH channel
vl qqH ee  H uru H Comb.
b 1.00 £0.02 1.00 £ 0.01 1.00 £ 0.04 1.00£0.03 1.00 £ 0.01
Feé 1.024£0.11 1.01 £0.10 1.02 £0.27 1.01 £0.23 1.02 £ 0.07
[ 1.024£0.14 1.024£0.13 1.05 +£0.33 1.024£0.24 1.02 £ 0.09



(7€ H->bb/cc/gg Measurements in CEPC

s - Presented at ICHEP 2016

Thanks for your hard
working!
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The mudy on Higgs Nadronk decry brandh rarko mesturement n CIPC it preserted. Scenaros of D1 prodhucton with 7 decay 1 bepton pak, resainos snd
Quark pak wrdengo Wi Cut Dated o TMVA analyss, and the flavor compaeents bom Hgge decay e detenmired bom template (e Toy Monte Calo are
Implemented %o calculete stativic uncenainty. Combining the thres chasrels cne gets O.2% , 2% and 1% stathitic uncertsinty for n, 1, and 1, spectively
with 5 ab ' integral luminosity.
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EightEquation Method

In jet pair production:

mpy = €, Np + €5, N, + €l Ny + N2 Np1.... observed number in each category

Npy = eb,l\b + €,Ne + eb,l\u + Nb’“’

n1s2 = el +phy )b + €1€665(1 + 05 ,2)Ne + ey (1 + phy o INE+ NS, Nb Ne Ng ... numbers to work out
Ne = ecle + eclNC + eclM + Nf’fg
Nz = €3Ny + €3N + €Ny + Noy? € ... Tagging efficiencies

Nel 2 = ef’lef’,(l +pbl Ny + €pr€er(1 + Py 2N + e(le ,(l +P¢1 NI+ kag

Np1er = eb, ,(1 +pbl »)Np +ebl (1 -+-pbl 5N, +ebl ,(1 +pbl 2N +N§f9, p... Qorrelgt!on betwe_en the 1st and 2 jets

g  tagging efficiency, typically of the order

‘%2 0.1%-1%, but can be very large
(~100%-1000%) for light jets

Mathematically similar to PL.B 401(1997) 163-175 (High precision R, measurement in ALEPH)

b/c tagging efficiencies from data-driven.
No need to measure b/c tagging efficiency previously.

Systematic uncertainty of the method can be characterized by the parameter presumably set.
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Nb_solved-Nb

h_Nb_div_central

Entries 4e+07
Mean 47.66
RMS 197.3

Nc_solved-Nc

h_Nc_div_central

0.59%

-200 0 200

Central value deviate from O due to some correlation term are ignored.

Nb_Solved_central:Nc_Solved_central

800 1000

Entries 4e+07
Mean -0.6907
RMS 189.2

11.1%

h_Nb_Nc_sol

Entries 4e+07

*" | Mean x 47.66

Mean y -0.6908
RMS x 197.3

RMS y 189.2

-200 0 200

800 1000

- Reasonable statistic uncertainty

-200 0 200

Nc_Solved_central:Ng_Solved_central

800 1000

h_Nc_Ng_sol
Entries 4e+07
Mean x -0.7063
Mean y -46.96
RMS x 189.2
RMS y 212.9

-200 0 200

800 1000

3000

2000

1000

0

Nc and Ng are statistically strong correlated

5000

4000

ystematic Uncertainty

3501
300
250
200
150

100F

Ng_solved-Ng

h_Ng_div_central
Entries 4e+07
Mean -46.96
RMS 212.9

4.0%

501

—9000 -800

1000~
800

600}

400

200

—400F
-600[

-800[

Nb_Solved_central:Ng_Solved_central

800 1000
h_Nb_Ng_sol
Entries 4e+07
Mean x 47.65
Mean y -46.96 PO
RMS x 197.3
MS y 2129 b

Ll L R

1000566800

800 1000

2500

2000

1500

1000

500

- Uncertainty can be reduced by optimization(for Nc less than 10% without bkg and 11% with bkg)
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Impact of Correlation
to the Results:

F YRR

\
CL

CBB
BCL
CBC
BB
BCC
BC
CBL
CC
BL
CB
BCB

Systematic Uncertainty

For simplify one can only take the correlation terms with
largest impact into account.

But should use large MC sample to determine that.

Nb Bk % Nc CilaE

33677 ,21703 0 ronssE
33675 656051012 -0.05322 18000;
33677 896051692 -0.00639 zzz
33677 5.96-05 1694 -0.00513 12000;
33677 36051698 -0.00286 1:222
33723 0.001375 1700 -0.00174 6000;
33677 36001700 o
33676 396051703 oE0s U
33677 2976051707 0.002566
33677 s.0ae.05 1711 0.004885
33525 000521713 0.005755
33677 8916051716 0.007757
33682 0.000143 1900 0.115514

Assuming 30% sys.uncertainty on BL,CL

and 10% that of BCB

Systematic uncertainty from other correlation
terms estimated from bias

Calculated BCB

h_BCB_Cal

Entries 100000
Mean -0.05424
RMS 0.03876

MC statistic limit is also

a source of systematic
uncertainty.

Can be reduced by enlarge
MC statistics

Uncertainty Nb Nc NQg
Statisitic 059% 11.1% 4.0%
System  BL 0.14% 0.18% 0.84
atic CL 0.002% 2.2% 0.7%
uncerta BCB 0.01 38.3% 2.8%
Nty  other 0.14% 0.04% 0.89%
2 Al 0.62% 14.0% 5.1%




Gluon/Quark Jet Seperation

Gluon jets fraction is crucial to H->bb/cc/

gg analysis

Complex phenomenon of gluon jets have
impact on other final state measurement

Track multiplicity in Jet(already in LCFIPlus)

Jet Energy Momentum

->t
H->gg
>cC

H->ss

Good performance on b/c-tagging but not

consider gluon-quark jet separation yet

Jet pr Momentum

—— H->bb

—— H->gg
—— H->ce

—— H->bb

\\\\\
0000000000

Jet Broadening

—— H->gg
—— H->ce

JJJJJ

Radial Moment, or Girth

g=S" Pr
e

Jet
i€jot 11

—— H->bb
— H>gg
—— H->cc

\\\\\\
555555555

—— H->bb

—— H->gg
—— H->ce

14

Epfo*DeltaR(PFO to Jet)

Discrimination power shown.
Need to implement to LCFIPlus



Summary

* Very nice work have been done on the CEPC benchmark measurement on H->bb/cc/gg
analysis, as milestone. Something to do in each channel

» /H->ll+]}, analysis with all SM background and apply more cuts to enhance
signal/background ratio and reduce statistic uncertainty

* In vv+j] channel, full simulation SM background should be used
e In ggH->4jets channel, need to understand why |ILC results are so different
* Methods other than template fit are studied
* Inspiration from high precision R,, measurement
o Statistic uncertainty are estimated; systematic uncertainty estimated in reasonable way
* Impacts of gluon splitting on flavor tagging need to be study

* Flavor tagging will include gluon/quark jet separation to fix to the measurement
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Template Fit in lI+]) Channel

Templates and data Fit target
Category Signal ZH ZZ qq pair .1‘}, té B
Pre-selection 21300 9436 381678 Laa = qq pair + neitheris q  xjxZ+ (1—x})(1 - x}) (aq = bb,cc)
120GeV < M* ¥ < 150GeV | 20582 8678 35305
T0GeV < M.~ < 105GeV | 20121 8340 26525
105GeV < M;; < 135GeV | 16479 3336 7732

data

Full Simulated Higgs and ZZ events
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Template Fit in lI+)) Channel: Toy
MC Check

. H
” ”ﬂ }M |“|| }h {W uu channel
| N h H | U
o «Julh& L Ihl""".um .a.'m""HM. L ’Flvwlﬂu'm. f.l"I'IW L mhhw .
TaES ELE
}w MV JI h}} ||} ee channel
| I [
} MM N I
MH.I"N \\\\\\\ | !||||Hu.i . M m"hl!l|||“|“||‘ B ‘b”|||||1|l+|!'|“‘|||dllm MM|m.|.|v|“'I{'Nll!lml!hll | IInIlI"ﬂI"'mJ',q,g!u,' ]

Fit works stable
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MVA In vv+]) channel

Cut efficiencies and optimal cut value

Efficiency (Purity)

S e, - Sl effcioncy ey
—— Boclgownd cficiency | ——— SnugrifS+8)
1 — g
! »1zsoi
»; ;*
1% Ha00%
06~ 150
' ]
04 {100
- |
02k ¢ : : so
[ events the maximum s 1
. .i . ' ' I A a ‘Aﬁ“l e . j°
06 04 02 ) 0.2 04

Cut value applied on BDT output
(a) Cut efficiencies and optimal cut value.

Correlation Matrix (signal)

Linear correlation coefficients in %

TMVA overtraining check for classifier: BDT °
AR

W s [
77) Background (iest sample) * Background (waining sampic)

L J

Kolmogorov-Smirnov test. signal (background) probability = 0.106 (0.249)

(1/N) dN / dx
AALlLlALlAAJAlAAAAlAIAllAA .l.f‘

WOMow (S.8) (9.0, 0.0/ /(0.0, 0.01%

‘"'l""""""""""

06 04 0.2 0 0.2 04
BOT response

(b) Overtraining check for classifier.

Correlation Matrix (background)

Linear correlation coefficients in %
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Template fit in vv+)) channe

BlLikeliness:CLikeliness {Nhfs==5} BLikeliness:CLikeliness {Nhfs==4)}
i histbbd i hustocd
- Entries 64794 T Entries 315
— \ Mean x 003392 s \ Meanx 06775
o ———— Meany 0.9416 o Meany 009255
RMSx  0.128 800 RMS x  0.3044
RMSy  0.1885 RMSy  0.1783

///)

09 09 !
08 8
0‘0302 e 0.4 05 06 07 QLW"“ Ny . 0 GLM
0.10 ° 01 02 0p 01 e ™
(a) The B-C Likeliness plot for H — bb (b) The B-C Likeliness plot for H — ¢¢
BLikeliness:ClLikeliness
BLikeliness:CLikeliness {Nhfs==10} = — histe -M'
e nes 594
- vhmogd e Mean x  0.3092
I Entries 8557 /..——" Meany 0.1084
e N AR 0.2732
- Mean y .
RMSx  0.1731 (RMSy 02574
RMSy 01678
(AMSy 01678

0.
0.4
0p 01 02%

(c) The B-C Likeliness plot for H — g§

O’d) The B-C Likeliness plot for £€H, vwH, gqgH backgrounds



ToyMC Results In vv+)) channel

genbbr
genbbr
[ Entres 5000
600~ Mean 09998 . .
: s ooe]  Statistics
800y~
w00l
: Template ~ 2000/fb
00}
ot Data ~ 500/fb
100}~ ] .
s Non-Higgs background not included
" . | aalaaa e alaaaa
) Y T —T R 72
The Ft Ratio for bb
genggr
gencer
Qoncsy - :
m,. Entnes 5000 2@:— € 1.008
: RMS 008332 180
001 160~
! 140}
1501~ 120:—
! 100}~
100 - w;:_
. Lo
SO 40:._
! 20
g5 ’
5 06 07 08 09 1 1.1 1.2 13 14 15 Y T W S—— ] W—— Y W ‘
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