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OUTLINE

* Why and How we do combination
* Advantages

e Results of 6(ZH) * Br

* kK Framework

* Summary



Why Combination?

* Uniformed, simultaneous statistical framework

e Get likelihood scan result

Robust & Reliable;

e Correctly consider the correlations between individual channels

* bb/cc/gg; ZH bkg treatment;  WW fusion;

* Extensibility for systematic uncertainties and theoretic assumptions

e Currently, with MC sample
* We build Asimov* data from signal and bkg spectrum
* To fit the estimated precisions of o * Br, and k.

e Can do more with observed data in the future.

*.see more in




Fit techniques

Input: (1d)

(2d)

Higgs invariant/recoil mass spectrum; Unbinned

bb/cc/gg: likeness templates;

POIl: o * Br, Higgs coupling k

* NP: represents systematic uncertainties

ww fusion: mass & cosf

e currently set global ALumi = 0.1%, not conclude in current fit;

e more NPs can be introduced in the future.

* so here results are all determined by statistical uncertainty.

* PDF:

* signal: Crystal ball + Gaussian;

* Use RooHistPdf to fit Zy and 2d templates.

e Asymmetric result

Algorithm: Likelihood Scan

bkg: 2rd-order poly exponential.

+ 10 deviation from profile likelihood



Fit techniques czpl

* For each channel

* Input observables from MC sample.
* Build combine S+B Pdf Tot=N,, *Pdf+N_*Pdf_ +.....+N, *Pdf .

e Add us on events number N,,:

* When measure ¢ * Br, Npp= Nbb_SM* Upb Np,_sm directly from event yield (5ab™)
. _ * Br * O'(ZH) _
When measure BT, Npb= Npp_sm Brew oCZHem A(o(ZH)) = 0.50%
« When measure &, Noo= Noo_su™ K2 (k&) * kf /Ty
» Different channel share the same us. Z — ee,uu, qq,vv, share the same
e Events number N,, is float and the Pdf shape fixed all the time.

e Use Combined pdf to make Asimov data

e Scan the likelihood and get the deviation result



Treatment for ZH bkg

* In individual analysis, other ZH process is tagged as bkg;

* It’s signal of another channel

Should taken into account

e Z - uyw, H - 11, the main bkgisH > WW.  Make it contribute to pyw

* Measurements not independent in this way

Separate ZH events specifically

* Inclusive ZH events cannot be used

* Progress undergoing

* currently not finished yet



Histogram of h_pdf__invMass_costheta
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P -
§ & Sl GoBufoBndn)
b P | n PPN | T 1 L

* Initial error is 2.89%, (Pre_CDR 2.8%)

e But must consider the uncertainty of ZH process(~0.4%) ' 2d fit
Mass &cos of 2 jets

In individual analysis
e assume the error is Gaussian distribution

ne
® —LogL =05 (5%5%) — P(data|uzuNzuPdfzi + twwtNuwwsPdfuws + NsuPdfsy)

* Here we can directly use the likelihood in Z->ee/mm/qq, H->bb channel

* Already have the form of u,y no assumption made;

Combine Fit {tg:%é% ; consistent with individual result 3.1%.
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Correlation: Higgs width

Model independent determination

_ THpszz o(ZH) o
H ™ pru-z2) x Br(H—ZZ) 2.2%

* and
Cu=bb o(vvH-vvbb)
H ™ pr(H-bb) x Br(H—bb)Br(H-WW) 3.3%
 If two independent: 2.83% (pre_CDR 2.8%)

Consider correlation, then combine in 10k framework:



Channels Table

Observed=tagged signal after cutflow and in fit range.
All events are weighted and normalized to 5ab™.

Precision

vV Inclusive MUV 52
uu Inclusive Liao Libo \ evev 36
ee Inclusive MU evuv 105
. H»q ] evag 663
bb 1.3% uvqq 717
ee cc 15% UVUV 44 Liao Libo
gg 8.2% evev 22
bb 1.0% ee evuv 81
KR cC 11% evqq 612
g8 . 5.5% uvqq 684
bb Bai Yu 0.5% W 9999 9022
qaq cc 17%
gg 7.2% A% MU 179
bb 0.4% A% eejj 64
A% cC 3.9% s1i VVjj 200 Wei Yugian
gg 1.6% ee eejj 55
ee mmijj 81
Il 27%
vV vy Wang Feng 12% ee \
qq Sun Yitian 13% ML 2068
qq Zy Yao Weimin 21% qaq © 36023 YuDan
12456
1 . .
ML 4 Cui Zhenwei
Liang Hao 14

Precision

2.6%

2.9%

1.3%

8.3%

34%

7.4%

40%

23%

4.3%

2.7%

1.7%

15%
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Mass shape plots
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Fit result of 0(ZH) * Br

(5ab™) Pre_CDR Current —
Ampyg Ty o(ZH) o(vvH) x BR(H — bb)
O_(ZH) 051% 050% 5.9 MeV 31% 050% 31%
o(ZH) * Br(H - bb) 0.28% ig%;% Decay Enode o(ZH) x BR BR
H — bb 0.27% 0.57%
O'(ZH) * Br(H — cc 2.2% t3.49%: H—cc 3.5% 3.5%
( ) (5 H - gg 1.4% 1.5%
o(ZH) * Br(H - 1.6% t1.44% H—-711" 1.3% 1.4%
(2H) « Br(H > gg) ’ 144% H = WW* 1.2% 1.3%
o(ZH) * Br(H » WW 1.5% +1.22% H— 77* 5.2% 5.2%
(H) = Br( ) ’ —121% H =y 8.2% 8.2%
9 T 15% 15%
ZH) * Br(H - 7Z 4.3% +5.29% H=wmu
o(ZH) » Br( ) ’ —5.15% H - inv - 0.22%
o(ZH) = Br(H - 11) 1.2% R
o(ZH) * Br(H - yy) 9.0% Yt
In general,
15.9% . . . .
o(ZH) * Br(H — ) 17% 1509 fit result is consistent with results of
o(vH) * Br(H - bb) 5 8% +311% Pre_CDR and Individual studies.
Brypper(H = inv.) 0.28% 0.22%
o(ZH) * Br(H - Zy) \ 40 ({*314%)
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Correlations in channel
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bb/cc/gg highly correlated because template fit;
Other are linked by ZH bkg events.
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Likelihood scan

8 T

7 CEPC —

-2In(A)

[Ldt=5 ab™, {s=250GeV

_ +0.00266
6 714 p5=1-0000 50066

0.994 0996  0.998 1 1.002 1.004 1.006

As we use MC sample, the signal strength is always very close to 1.
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k Framework cZ

k defined as the ratio of the . glhff) — g(hVV)

Higgs coupling to SM expects. = g(hff;SM)’ v = g(hVV;SM)

* Model independent implication

* Detector’s benchmark; Constrain to new physics models;
* In CEPC
* We have 0(ZH) =0.50% constrain a(x,) < 0.25%.
* For Production, ZH & WW fusion process, all contribute to K%; KZ;
* For Partial decay, no top quark x; like: k7, ki, kKp, K2, K2, KZ, K2, Kf,
* For Total width [';. Iy =Ty + Ty
* |f we assume no exotic decay, ['s) can be resolved as: all k correlated this way;

Loy = 0.2137x7,+0.02619k;+0.5824;+0.081871;+0.002270%+0.06294; +0.02891 .

e Z - uw, H - Tt channel, the signal will be «ZrcZ /Ty; For vwH — bb, it’s i ki /Ty

2017/11/7 14



Fit result of k

10k Pre_CDR 7K Pre_CDR
Kp 1.5% 1.3% 1.5% 1.2%
K 2.4% 1.7% 2.4% 1.6%
Kg 1.6% 1.5% 1.6% 1.5%
Ky 4.4% 4.7% 4.4% 4.7%
K 1.6% 1.4% 1.6% 1.3%
K7 0.25% 0.26% 0.15% 0.16%
Kw 1.4% 1.2% 1.4% 1.2%
Ky 7.9% 8.6%

BTiny 0.22% 0.28% | From 10k to 7k, we assume
* No exotic decay ['g5y
Ty 3.1% 2.8% | . E;ZLB iy
2017/11/7
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Integration to HL-LHC

10-parameter fit 7-parameter fit
CEPC +HL-LHC CEPC +HL-LHC
'y 3.1 2.5 - -
Kb 1.5 1.2 1.5 1.1
Ke 2.4 2.1 2.4 2.0
Kg 1.6 1.3 1.6 1.2
KW 14 1.1 14 1.1
Kr 1.5 1.2 1.5 1.1
Kz 0.25 0.25 0.15 0.15
Koy 4.4 1.7 4.4 1.7
Ky 7.9 4.8 = -
BRiny 0.22 0.22 - -
2017/11/7

Relative Error

—
<

LN
<
N

ATL-PHYS-PUB-2014-016 HL-LHC

" 7))
* — bb % y /
o(ZH) * Br(H - bb) 13% C 5/8

o+ Br(H-WW)
o*Br(H->ZZ)

o * Br(H — 11)

o *Br(H - yy)

o *Br(H — pp)

5%

4%

7%

4%

12%

o(WH) = Br(H — bb) 36%

o *Br(H = Zy)

27%

Precision of Higgs coupling measurement (7-parameter Fit)

= LHC 300/3000 fb~"

m CEPC 250 GeV at 5 ab™" wi/wo HL-LHC

fffff

Kp

Kz
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Compared to ILC(1710.07621)

2017/11/7

Relative Error

10-3

Q
&

Precision of Higgs coupling measurement (10-parameter Fit)

m ILC 250 GeV at 2 ab™' (1710.07621) |

m CEPC 250 GeV at 5 ab™" wi/wo HL-LHC

Kr Brinv
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Correlation of k

7-parameter fit Correlation

I _25.  -51. —47. 62, -87
Kb _23. =51, —46. 59, -34
I 71 11 24 24, 11
Kel _og 12, 11. 24  -23. 042
~51. -7 14. 16 -28. 1.1
Kg*
-51. -12. 091 -17. 0.5
I 11. 35 | =60. | 22
Kw 1. 7.0 _61. 089
47, 24 16 ~12.
Kz -46. 24 -091 38
62 -24. -28.  -60.
Kz1' 89, _23. -17.  -61.
87 1.1 1.1 22
KY*
34 042 015 0.89
Kp K¢ Kg Kw K¢ Kz Ky
2017/11/7

For each entry,
upper one is CEPC result
lower one is CEPC+HL-LHC result.

10-parameter fit Correlation

3.7 -024 -13. <01
35 -0.19 -12. <01

. -16. -9.1 0.13 6.6
3.5

-16. -83 0.13 6.2
-0.24 -16. -72 045 13.
-0.19 -16. -56 036 16.
-13. -9.1 -55 13
-12. -83 -56

<01 013 045 -55
<01 013 036 -53

6.6 13. 13

16.
16.

16.

6.2 16. -0.16 16.

<0.1 <01 -0.85 -11 24
<0.1 <0.1 -0.33 -0.45 -438
<0.1 <0.1 -0.34 -047 13
<0.1 <0.1 -0.20 -0.29 -0.65

<01 <01 <01 <01 <01
<01 <01 <01 <01 <01

-6.8 -15. -49 -19.
-64 -19. -47 -19.

1 1 1 1

-0.85 -0.34 <0.1
-5.3 -0.16 -0.33 -0.20 <O0.1

-0.45 -0.29 <0.1

<0.1 <01 <01
<0.1 <0.1 <01

<0.1 <0.1 <041
<0.1 <0.1 <01

<0.1 <01 <01
<0.1 <01 <041

-1.1 -0.47 <01

24 13 <01
-4.8 -0.65 <0.1

<0.1 <0.1
<0.1 <0.1

<0.1 -1.5
-0.93

<0.1

<0.1
<0.1

<0.1 <01
<0.1 <041

-28 -15
-1.1 -0.93
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Summary

Current 10k 7K
ZH 0.50%
9(ZH) Kp 1.5% 1.5%
o(ZH) « Br(H - bb) ~ {*$27%
Ke 2.4% 2.4%
a(ZH) » Br(H - cc) Y]
K 1.6% 1.6%
o g
o(ZH) = Br(H - gg) P
oH) BrH o WW) (L3 K, 4.4% 4.4%
o(ZH) * Br(H - ZZ) 3.29% K, 1.6% 1.6%
o(ZH) * Br(H - t7) 300 Ky 0.25%  0.15%
o(ZH) = Br(H - vy) +82m
819% Kw 1.4% 1.4%
o(ZH) = Br(H > py) 1500
Ky 7.9%
o (vvH)  Br(H - bb) 3100
Br; 0.22%
Brupper(H = inv.) 0.22% m °
G(ZH) « Br(H —» Zy)  40((*29%) T 3.1%

Precision of Higgs coupling measurement (7-parameter Fit)

To be presented in CDR & whitepaper

2017/11/7

1
m LHC 300/3000 fb™"’ i
m CEPC 250 GeV at 5 ab™" wi/wo HL-LHC
S 107
L]
2
<
& 1072
1073
K¢ Kz Ky
Ampg o(vvH) x BR(H — bb)
5.9 MeV 3.1%
Decay mode BR
H — bb 0.57%
H —cc 3.5%
H - gg 1.5%
H-rtr 1.4%
H->WW* 1.3%
H— 77" 5.2%
H — vy 8.2%
H—p 15%
H — inv - 0.22%
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bb/cc/gg CEPC,

bj1bj,
bj1bjz + (1 = bj1)(1 = bj2)

* Template fit: Flavor tagging algorithm

* Pre_CDR
* bb/cc/gg separated (not reasonable)

1.1% 14.6% 5.6%

0.9% 12.6% 3.8%

* vUH, qqH results are extrapolated from ILC studies. 0.4% 3.0% 2.6%

* Bkg estimation optimistic 045%  3.2% 2.8%

2.2% 1.6%

1.2% 14.4% 7.8%

e Baiyu’s template fit

» Z->eeuuqqvv,H—-bb/cc/gg are studied.

» 2D fit, with dijets’ b/c likeness; mass info not used;
1.1% 12.8% 6.9%
* 5 parts, Tot=bb+cc+gg+bkg,, +bkg,..

* Build individual pdf by MC, then fit to determine fraction.

* the shape of bkg is fixed.

0.4% 8.0% 5.2%
3.8% 1.6%
3.2% 1.6%

1.3% 15.0% 8.2%

Which means we have a wonderful understanding with bkg,

* may be more suitable for CEPC.

* ToyMC test to get precision
1.0% 11.3% 5.5%

* Now plan to use 3d fit in IIH; - - _—
* Systematic uncertainties ongoing; 0.4% 3.9% 1.6%

0.27% 3.48% 1.44%

oo}
=
=
Q
3
Q
1%}
1%}
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preCDR Now

T

TT 1.2% 1.30%
* Pre_CDR concludes the precision 1.2% but no description. 15000 * — s
: ,{1 bkg
* Develop LICH to identify lepton. Eff>99% z /
5000
e Signal and ZH events(Main WW) share the same shape 0_

 Danuselog;o(D§ + Z&) fit to separate signal

* Impact parameter, Distance from beam spot

sssssssssssssssss
uuuuuuuu

* Determine the ratio, then use ratio to produce signal sample.

* eeH is extrapolated from mmH, assuming bkg 4 times worse;

zzzzzzzz

BR (H— 17) 6 (60X BR)/(cxX BR)

uH 6.40 + 0.18 2.68% |

eeH(extrapolated) 6.37 +0.18 4.34% S

vwH 6.19 £ 0.17 4.29% T

qqH 6.25 + 0.04 1.71% LT, signal/WW
combined 6.28 + 0.07 1.30%

2017/11/7 see more details in 27




preCDR Now
WW CET
O’ \f)

ww 1.5% 1.2%

Excepted signal events of each type

’ . . : >
* Pre_CDR’s result contains: BN e ol
WW* — evey 3 Done
WW‘ ",
Channel Precision Comment W Y ] Todo
— evuy
Z = pp, H - WW* = lvqq, tlvv 4.9% CEPC Full Simulation WW* S evry
Z — ee, H— WW* = lvqq, llvv 7.0% Scaled from gt p~ channel WW* — vty
Z —vio,H— WW* = qqqq 2.3% Extrapolated from ILC result x::// IndRILLL
. — evqq
7 = qq, H—> WW* = lvqq 2.2% Extrapolated from ILC result WW* = pvaq
Combined 1.5% WW* — 1vqq
WW* - qqqq

* Currently have 11 channels of WW (with box)
» Data entry is different with Pre_CDRs'. Libo’s summary
* Others are undergoing

Category Signal Relative uncertainty  Efficiency of se
Z - ete :H—- WW*" - evey 20+7 35% 25.0%
Z—ete :H— WW* - uvuv 44+8 18.2% 43.1%
Z—vv, HHWW-—qqqq _
. Z—>ete :H—> WW* - evuy 53+8 15.1% 27.6%
f}soof— — Signal Z—>ete s H—> WW* - evqq 435+23 5.3% 37.0%
B F N SMbkg Z—ete :H—-> WW* 5 uvqgq  551+24 4.5% 48.0%
"o "o Zoutu H—> WW* S evey 2345 21.7% 25.8%
1000F- fLat=5 ab” Z - utu  H—> WW* = uvuy 39+7 18% 44.8%
0o P e Z ot H—> WW* S evuy 9310 11% 54.1%
. Z o utu  H—> WW* > evqgq  573+£25 4.0% 51.7%
a0~ ' Z-outu  H—- WW* - uvgqg  756+30 4.4% 68.4%
200 Z—oviH—> WW* > qqqq  8403+202 2.4% 34.7%
hf) e T s T e e ) Z _)#+/1_;H - WW* - 9994 * 2.93% -

My, qaqelGeV]

2017/11/7 53



)

preCDR Now )
GER
ZZ 7z 43%  5.2% e et f)

Channel Precision Comment
o(Z(vv)H +vvH) x BR(H — ZZ) 6.9% CEPC Fast Simulation

o 3 fi n a I Z, O n e Off_s h e I | . BR(H — ZZ*) 4.3% Extrapolation from FCC-ee [36]

* Pre_CDR’s result from extrapolating the FCC-ee.

* Now has 5 channels clear and easy to study

e Others are rather difficult;

Z-pup, H>ZZ—vvqq Z—ee, H>ZZ—-upqq
> E > 60
2 E 2 OF
(U] E (o] -
- 90 — Signal T r — Signal
s E - r
Seop- ¥ SM bkg § 50:* ...... SM bkg
w 70F- * Signal_hist wo L * Signal_hist
g CEPC 40— : CEPC
O JLdt=5 ab” . : JLot=5ab"
s0E- ¥5-250GeV a0~ b V5=250GeV
pry=. Z—pp, H-ZZ-bvvaq C E Z—ee, H>ZZ-bupqq
E 20— )
30 r N
200 n % A
E 10 j k3 o
10~ J F 4—‘5!‘_
& N % . | L et
78 115 1 125 130 135 140 00 F T8 T 124 126 128 130 1320 134 © 136 © 138 140
Mage ,[GeV] Maee colGeV]
Z-svv, H>ZZ—eeqq Z—svv, H>ZZ-ppqq Z—ee, H»ZZ—eeqq
> E > F > 70¢
8 2o 8 8o 3 F
- F - — Signal - F — Signal
8 20 2 g R SM bk
3 18- gas— LT SMbkg s T 9
S ¥ “@F ®  Signal_hist Y sl ® Signal_hist
o 20l CEPC E CEPC
i - jLat=5 ab” aof- JLdt=5 ab”
2 15 V5=250GeV E V5=250GeV
10 F Z—vv, H-ZZ-bupqq 30— Z—ee, H>ZZ-beeqq
10— 200
s 10— I
B F Tt {{nglm
2017/11/7 S —
?o 14 14! 150 ?2 12; 124 126 128 130 13 134 136 13 140

Moy i GeV] Mrec_elGeV]



yy preCDR Now

144 9.0% 8.2%

e 3 channels of yy (L, vv,qq + vy, lepton=y, 1)

* Pre_CDR assume ECAL'’s resolution ~ 1\7? @ 1 %, then to 9%.

* |llrr, vvrr are fast simulated by Feng in 2015.

* qqrr updated by Yitian in 2017.4.
—m 16% |- — s i —
u E AR W - ¥
T e . ‘Lﬁ ; ;; T
o et e ® [ wgrie Ta | g
. ‘l; T ST Ry e T ")
M: an ...|...#—.../|¥\l ol

Z->VV Z->mm Z->TT
2017/11/7

o
S
=]

Events/ 1 Ge\
o
o
o

@
=]
S

400

200

V4 H Mine CDR
11 90 62+56
Vv Y 328 339
qq 828 582

Signal events comparison

Z—qq, H—>yy

4

— Signal
SM bkg
® Signal_hist
CEPC
JLdt=5ab™
6{, % Vs=250GeV
§§§§§ Z—qq, Hoyy
8,

115

120

125

4 L
130 135 140 145 150
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H - invisible

preCDR

invisible

0.28%

* In pre_CDR, plan to search exotic decay

 SUSYH — yq,x; assume o =200 fb.

In this case, extrapolated from ILC studies, precision is 0.14%

e Moxin studied H->ZZ->vvvv

e 3 channels analyzed by Moxin, Z->ee/mumu/qq

* Large irreducible bkg, seek upper limit

e After BDT and combination, 0.22% (in pre_CDR 0.28%)

ete h uruh qqh
Br 0.077 £0.510% 0.150% + 0.290% 0.069% =+ 0.150%
95% CL upper limit 1.07% 0.70% 0.34%
Combination Br 0.070% =+ 0.079%, CL 95% upper limit 0.22%

2017/11/7

CEPC

\s=250GeV, J Ldt=5ab”

|

0

11 L L L1l L1l 111 111 111
0.0005 0.001 0.0015 0.002 0.0025 0.003 0.0035
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uu, Zy and others

* LU process

* Pre_CDR’s 17% not reliable;

* Zhen Wei separate Z->ee,mm, vv and qq

* Small signal window; After cut 90 signals left.

* Z—>qq, H—- Zy - qqy studied;

Pre_CDR not conclude;

Take my,_z as observable;

40 significance; Precision about 21%.

* eu, ee process studied.

preCDR Now ’f[f__f? f /
it 17% 15%
Asimov_Z->vv, H->Zy,Z->qq
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* Since low stats and no clear ratio, not taken into fit model.
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