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Plans

* Short introduction of Higgs recoil mass
 Signal and background samples
* Background rejection, Final Selection

* Signal Only fit and Signal + Background fit
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Higgs recoil mass at uture ircular ollider (

e Goal: Measurement of the ZH total cross section —eeow |
g oo: = — :;VZW_’_;"H .
- \\—Total : et ”
: — 1 - ~ }
e Signal:ete™ - ZH - Il + X / «:7>WMH
ZH is the dominant Higgs production process @ 240 GeV e A e
eTe "machine of / S ST,

800 280 300 320 34 0 360

CarXiv:1308.6176

* Use events with a Z decaying leptonically, and reconstruct M;...,;
]ﬁrorrp the Z production without measuring the Higgs production
Inal state

Mrecod = (\/_ Ell)2 _ pll =S = 2Ell\/_ + mll

* The reconstructed M,...,i; is sensitive to the precise knowledge
of the centre-of-mass energy — -

* Physic independent study

e WW & 77 Background @ 240 GeV B
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https://arxiv.org/pdf/1308.6176.pdf

Signals, Backgrounds and Selections

* Signals: « /s =240 GeV
1.  Z(u*tu")H (Whizard) * ISR and FSR on
2.  Z(t*t7)H (Whizard) * Beam Energy Spread
3.  Z(qq)H (Whizard) Or ZH inclusive (Pythia) * Luminosity:
4.  Z(vv)H (Whizard) L=5ab™
5. Z(e*e™)H (Whizard) : 'S'I’;ﬁ‘ ;:;;‘it‘s’;mples
» Backgrounds: Pre-Selection:
1. ZZ(inclusive), (Pythia) 1. At least one Z boson from a u*u~ pair
2. W)W (i), (Pythia) 2. my,+,- €[80,100] GeV
3. Z - I*l7, (Pythia)
4. 7 qa, (Pythia) _MWMME
5. eeZ, (Whizard) 1006580 33822 1289600 6794950 68893500
6. yy — utu~, (Whizard) NEVENTS 107 10° 107 107 0.99 - 107
7. vy = tt1~ (Whizard) NEVENTS/o - L 9.93 29.57 7.75 1.47 0.14
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My ecoi @nd M, + - distribution

«10° FCC-ee Simulation (Delphes) «10° FCC-ee Simulation (Delphes)
> —_IIII|IIII|IIII|IIII IIII_— > 120—|'II|III|III|III|III|III|III|III|III|II1— DForm-l_ _
3 2400F - . ZWWH 2z - . ZWVH - utu
— 2000F S =240.0 GeV Z(eeWH o - Vs=240.0 GeV Zee)H 7
5 20 s an —Zeon 12 [ Lesan e > Large Zll evnets
§ 2000 eve" = ZH — i + X —Z@@H 3 ete = ZH - utu + X —Z(@@H » Two peaks for m,+ -
® C on: i — Z(wu)H 3 S - — Z(wu)H A
1800 [— Selection: No Selection ] [ .1 ~
. o 4 8 g i 1. ~90 GeV (Z mass)
= B yypwut 3 L B yyuwut
a0k cez : ez 2. ~240GeV (VS)
c BN Z-qy @3 - BN Z—-q
12000 W) 60 W) » Cuts for yy events
C Z— i 3 Z— |l
10001 = 77 = = 77 i O For Mrecoil
800 3 40 —_ » Zll concentrate on low M,..0i1
600 = i
400F- = 20 -
200F- = .
% 50 100 150 200 250 % 20 40 60 80 100 120 140 160 180 200
M, [GeV] M,,; [GeV]
Selection: After Pre-Selection:
1. Atleast one Z boson from 1. Atleast one Z boson from
autyu pair autyu pair

2. my+,- € [80,100] GeV
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events / 0.38 GeV

FCC-ee Simulation (Delphes)

s = 240.0 GeV
L=5ab’

ete = ZH — u'u + X

E Sel1

25/06/2021

80

FCC-ee Simulation (Delphes)

g(v.\’l)fl'l %5 g i v§|=2‘;ooc|;ev||||zl(w)+|_ll d Log SC’i|e_
—ZE:';))I:' 4 WE sa —gzj;))lll-l J For p# 8 .
N 3 10: flf = 2H e X N > No signal above pi ¥ > 70 GeV and
E 124 \f J \ large background below pf“_ <
_ 10° 70 GeV
V@”) 102 \» o > So, we require p‘Tﬁ“_ € [20,70]GeV
E 1 "W**.wmwrﬂw : > Low p cuts back-to-back events
E 10_1 W O For cos Hmlssmg
E 12 r‘r » polar angle of the missing momentum
100 120 '1)103 10_3-1 —08 -0.6 04 02 0 02 04 06 08 1 g ::):Sei;ngisisni?grr:ai?(l)iu;:te; U;I ng;geﬁ‘
P [GeV] COSB,1s5ng x» Py, Pz
i » Reduce rocesses
Afterl Pr;slii:gsg:z boson from > ISR emit)t/;/dpapproximately collinear
' o with the incoming beams escapes
dH- [ par detection in the beam pipe

2. my+,- € [80,100] GeV



Evaluation of M,...,;; distribution

FCC-ee Simulation (Delphes) FCC-ee Simulation (Delphes) FCC-ee Simulation (Delphes)
> _III|III|III|III|III|III|III|III|III|III_ >2000r|'II|III|III|III|III|II||||||||||||_||||1t > _||||||||||||||||||||||||||||||||||_|||||_
& - Z(vW)H 1 & C Z(vw)H ] S - Z(v)H A
o 3000 ‘/g =240.0 GeV Z(e ehH =) 1800 :_ \/_ 240.0 GeV Z(eehH _: © 1400 N \/E =240.0 GeV Z(eeHhH _]
S T L=5ab’ ZttH ] S - L=5ab"’ — Z(tt)H | S T L=5ab’ —Z(tt)H ]
P [ ete = ZH — utu + X Z(gH ] o 1600~ e*e” = ZH — u'u + X —Z(qgH P 12001 ete’ = ZH — utu + X ——Z(qa)H
g 2900 o046 — Z(“ wHH 3 C Sel22 - Z(“_“+)H ] 5] - Sel23 — Z(wu)H 4
o - ___ROAAu o 1400~ vyt S - By ]

B B yyput C B yyuwut 1000— B yywu® o
2000 eeZ _ . 1200~ eeZ 7] C eeZ ]
- - - W Z—-qq - 8001 Bl Z—>qq ]

- W) 10001 B WV (V)W) - B WV (T W )
1500 | 800 C [ Z= N C mnZ— ]
- i Zz B — ]
1000 600 - C ]

‘PZO 122 124 126 128 130 132 134 136 138 140

‘P20 122 124 126 128 130 132 134 136 138 140

20 122 124 126 128 130 132 134 136 138 140

Mrecoil [GeV] Mrecoil [GeV] I\/Irecoil [GeV]
APC-0-Selection: APC-1-Selection: APC-2-Selection:
1. Atleast one Z boson from 1. Atleast one Z boson from 1. Atleast one Z boson from a
aptu” pair autyu™ pair utu~ pair
2. my+,~ € [86,96] GeV 2. my+,- €[86,96] GeV 2. my+,- €[86,96] GeV
3. Mpecoil € [120,140] GeV 3. Myecoil € [120,140] GeV 3. Myecoil € [120,140] GeV
a. p** €[20,70] Gev a. p** €[20,70] Gev
25/06/2021 5 |cos Gmissing| < 0.98 ,



Evaluation of m+,- distribution

FCC-ee Simulation (Delphes) FCC-ee Simulation (Delphes) FCC-ee Simulation (Delphes)
> _IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII: > 3500—LIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|III_I_ > 1600—l—|II|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|III-l—
8 C Z(vw)H 7 8 Z(vW)H 7 8 Z(vW)H 7
o 000 s = 240.0 GeV Z(e eH = [ Vs =240.0 GeV ZeeH | put " {s=240.0 GeV Z(eeH
S sooo- L =% ab” Z(vthH 3 S 3000~ L=5ab’ — Z(tH S 1400~ | —54p — ZwtH ]
E Cefe =ZH —uu +X Z(qH 7 E; - ete = ZH - utu + X ——Z(qa)H - E [ ete = ZH - uu +X —Z(qyH ]
N - — Z(u wHH 3 S - — Z(wuHH S 12001 — Z(wuH —
o 7000~ - ) [ Sel22 ] o [ Sel.23 ] i
o - T ] g 2900r vyt i o - Myt i

6000F- = - B yywut 1000~ Bl yywut g
C ] 2000~ eeZ N - eeZ ]

50001 3 C M Z—-qq B B Z—qq
- W gw) - W TOW () 8001 . W)W w)

4000 3 1500~ o Z—= — - ez .
- 3 - i Zz . 600— i Zz —

3000 = 1000E- 4 ] - ]
E E C - ] 400— —

20001~ = C . B ]
= . 500 ,T...r-»’n"ﬂ - o

1000 R

%6 87 88 89 90 91 92 93 94 95 096 %6 87 88 89 090

6 87 88 89 90 91 92 93 94 95 96 91 92 93 94 95 96
m,.,- [GeV] m,.,- [GeV] m,.. [GeV]
APC-0-Selection: APC-1-Selection: APC-2-Selection:
1. Atleast on_e Z boson from 1. Atleast one Z boson from 1. Atleast one Z boson from a
a prp” pair aptu” pair utu~ pair
2. my+,- €[86,96] GeV 2. my+,- €[86,96] GeV 2. my+,- €[86,96] GeV
3. Mpecoil € [120,140] GeV 3. Myecoil € [120,140] GeV 3. Myecoil € [120,140] GeV
a. p** €[20,70] Gev a. p** €[20,70] Gev
25/06/2021 5 |cos Gmissing| < 0.98



#Events, error and #Entries

Sample #Events Error #HEntries #Events Error #Entries 1. Atleast one Zboson froma
+ —_— .
ZH inclusive P8 25632.6 50.9 253954  18150.6 42.8 179826 Hop pair.
— 2. my+,- €[86,96] GeV
Z H 24178.8 28.6 714893  18181.1 24.8 537560 -
Z(ttt)H 32.7 1.1 873 12.4 0.7 330 3. fT . € [20,|70]0G9ee\;/
4. |cos oo < 0.
Z(qq)H 425.5 5.4 6179 171.5 3.4 2491 missing
(a9) 5. Meecoi € [120,140] GeV
Total Signal 24637.0 35.1 721945  18365.0 28.9 540381

Compared to Pre-Selection,
APC-2-Selection keeps ~75% signals
but rejects

» Main background:

W*(vuH)W=(vu™) 133530.9 131.2 1035444 16927.3 46.7 131260

ZZ(inclusive) 315780.4 463.2 464728 11219.8 87.3 16512

7 -1l 7846308.6 7389.3 1127515 9471.1 256.7 1361

Total Main Bkgs.  8295619.8 7983.8 2627687  37618.2 390.8 149133 . ~879% WW
Vyup 384090.8 3152 1484600 4.7 1.1 18 . ~96% 77
VyTT 304.3 8.0 1456 6.3 1.1 30 * ~99.88% Z — ll
ee” 793603.7 286.8 7654357 24.0 16 531] ~ Additional background
= * ~99.99% yyuu,
7 - qq 0.0 0.0 0 0.0 0.0 0 . ~00.07% ee?
Z(Wi)H 173.8 3.7 2257 69.3 23 900
Z(ete )H 23.4 1.0 587 9.3 0.6 234

Additional Bkgs ~ 1178195.9 614.7 9143257 113.5 6.7 1413 ’



Fitting model and parameter settings

* Fitting functions

* Signal: 2CBG or Two-Sided Crystal Ball
e Background: Second Order Polynomial
e S+B= nsig*signal + nbkg*background

» Initial signal modelling using Two-Sided Crystal-Ball (DSCB) , further optimized to 2CBG by

Jan: Jan’s presentation

* Two CB functions (left and right), sharing mean and width
* Added Gaussian to cope with the high tails
* In total three terms, which can float, but Gaussian suppressed in norm (sigfracl + sigfrac2 > 0.8)

* In total 10 “free” parameters (+1 normalization)

pdf(Mrecoil)
= sigfracl - CB(Myecoir; b, 0, a1, ny) + sigfrac2 - CB(Myecoir; 1, 0, @g,ng) + (1 — sigfracl — sigfrac2) - Gauss(Myecoir; H2,02)

25/06/2021
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https://indico.cern.ch/event/1050074/contributions/4411949/attachments/2268118/3851298/HRecoil_FCCeePhysicsPerformance_21062021.pdf

Signal Only fit with different p.d.f. in the Higgs region (120-140 GeV)

DCB pdf with dat 2CBG pdf with da

. alpha_L = 1.991 +- 0.059 = 100 alphal = 1.93 +- 0.16
> 1000— ! alpha_R = 0.616 +-0.018 > [ Q alphaR =-0.1324 +/- 0.020
8 [ Sgn:zH #t APC-2 mean = 125.2771 +/- 0.0067 8 | Sgn.:zH | APC-2 ) mean = 125.242 +/- 0.012
- - ; | -Selection n_L= 243 +-0.23 — T s i -Selection mean2 = 125.451 +/- 0.067
S o P s 1 Two-Sided n_R= 1.174 +/- 0.024 S O oo, +, 2CBG n_L= 164 +-032
2 I Crystal Ball | nsig= 181524135 PR IDEA nR= 2114027
c - ' sigma = 0.3210 +- 0.0056 I= soo : nsig = 18152 +/- 135
O %90 mumu | IDEA 4 mumu f _ sigfrac1 = 0.674 +/- 0.023
L — Data ZH Pythia L — Data ZH Pythia sigfrac2 = 0.174 +/- 0.030
~ Sig. Only Fit \ 400l Sig- Only Fit \ sigma = 0.274 +-0.013
400_ + i A /N 074y : | sigma2=. 0.?2 +- 0.837
— \ NSlg Stg : 0 B L ANSlg/NSLg - 0.74’/0
200— ""..,.” Integral ZH = 18152 200— '°‘~..*. Integral ZH = 18152
- _ e S{f; /Ns‘f;egml = 100.0% - _ "’,b____m NS’;fqt /N;{fqtegml = 100.0%
%_ N N S L i e e Ly | | i e
i L1 LE =3
8 g8
©|w S, |
O 4
; Hﬂh#“ ) Mﬂw* R {HIvON Wt ol b VR TLITL Ty TWTY
0F 1 H . i i M 1t Tl
£ i ++ 0 " #ﬂmﬂﬁ T **+ AN L PR
CEon i ) i
:gE_ + H{ -8
'"%2?) T T TR L I R R T R—TIY B I R - a—
reconl [GeV] Mrecoil [GeV]
ZH Pythia | g 5(GeV) | Mp(GeV) | X VO + Compared to Two-Sided Crystal-Ball, 2CBG function has better
DSCB o1l EGEG - description of the signal
' ' ' e x?/NDF decreases to 1.66, but can be improved (other function?)
2CBG  25/06/2021 03209  125.2420 1.66 * Still alittle wiggle between 122-130 GeV
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Background Only fit in the Higgs region (120-140 GeV)

Pol2 pdf with data Pol2 pdf with data Pol2 pdf with dats
600 nsig = 16927 +/- 130 600 nsig = 11134 +/- 106 600 nsig = 9471 +/- 97
> - sig_p0 =-1.574 +/- 0.10 % C sig_p0 =-0.008103 +/- 0.00067 % C APC-2 sig_p0 =-0.01449 +/- 0.0015
8 - Sgn:WWmumu APC'2 sig_p1 = 0.0265 +/- 0.0016 [0} - Son:zz APC-2 sig_p1 =-0.00000308 +/- 0.0000054 [0} - Sgn:zi S | i sig_p1 = 0.000058 +/- 0.000019
g 500 :— L5t -Selection sig_p2 = -0.00010656 +/- 0.0000066 5 500 :— . -Selection sig_p2 = 0.000000089 +/- 0.000000036 g 500 :— . -Selection sig_p2 = -0.0000000095 +/- 0.00000007(
: [ Selection: sel23 :’ [~ Selection: sel23 . ) — 0 \: [ Selection: sel23 . ) =1. 0
P 400__ Pol.2 ANsig/Nsig =0.77% P 400__ Pol.2 ANslg/NSlg 0.95% & “of Pol.2 ANSLg/NSlg 1.02%
S |rum IDEA S |rum IDEA S fmums IDEA Integral ZH = 9471
D 300|— pata Integral ZH = 16927 D 300|— pata Integral ZH = 11134 (0 300|— pata Nflt/Nmtegral 100.0%
) l . . fit integral __ o ) si si - 0
Sig. Only Fit Nf"t N integra = 100. )0/ Sig. Only Fit N N = 10( OO/ Sig. Only Fit g g
00— WWmumu 5‘.9/ sig 0 a0l 7 Slg/ sig 0 ool yd|
- = Pythia - Pyt hi |a
L 100 r_— 100} —
it |1
Bt B Ao
C 1 AL
x 3

1%...I...I...I...I...I...I...I...I.

Mrecoil [GeV]

| ZHlinclusive) | _mumuH | WW_mumu | ZZ(inclusive) | ___ZIl YRR

IVIrecoiI [GeV]

IVIrecoiI [GeV]

18151
179826
9.91

18181
537560
29.47

# of Events 16927
131260

7.75

11220
16512
1.47

9471 .
1361
0.14

Need more events
Entries

Entries/# of Events

25/06/2021
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Signal + Background fit with different p.d.f. in the Higgs region (120-140 GeV)

DCB_Pol2 pdf with data
. alpha_L = 1.70 +/- 0.11
% 1200 — i alpha_R = 0.788 +/- 0.029
0} [ Sgn.:zH f mean = 125.3045 +/- 0.0066
S 1000 —_ Ek=g5 ;?_WWmumu :{+ZII_qu_eeZ_yymm._yytt nL= 11 +-16
:’ | Selection: sel23 +.': TWO_SIded n_R = 0.871 +/-0.051
P L : ':+ Crystal- nbkg = 36299 +/- 546
= 800 — ke ll+Pol nsig = 19419 +/- 530
2 — Data P Ball+Pol.2 p0 = 0.25 +/-0.15
L goo| SrBR ¢ it IDEA p1= 0.00128 +/- 0.00063
Bl?_c;. Fit P dﬂ p2 = -0.00001822 +/- 0.0000063
B . sigma = 0.3385 +/- 0.0068
400 — **' . +*HH+{+ 9
" H W HH,,h fob
A g b 4
200 i *"H’*I’#'i”*w* """" RCIRREEEEE LI i it Hiﬂ,hﬁuﬂu
:.: 1%7I 1 IJ,,J 4 e }’I 1 1 7|7I 1 1 7|7I 1 1 !7I 1 1 7|7I 1 1 I T,I .-.I --------
LS e . 0
S| E ZH Pythia APC-2 ANSl.g/Nsig = 2.73%
S - -Selection
2
0 W ++ | ++ i + ,' I + + + s L TY + ﬂ ** H ILe,
p i *+++ H Hu gk
-6 Integral ZH =18152
> N T R 1 \ N;:g/ly;:l;e:gr;a.l L 107 00/
_1920 122 124 126 128 130 132 134 136 138 140

ZH Pythia | g5(GeV) | M p(GeV) N;;Z/N;gegral VeI . )CBG improves the

* Neither ANSl.g/Nsig nor y?/NDF is improved

DSCB
2CBG

0.3385
25/06/4§2771

125.3045
125.2490

[GeV]

reconl

2.73
3.64

2CBG_Pol2 pdf with data

alphal = 1.54 +/- 0.17
alphaR =-0.1438 +/- 0.017

:

% 1200 — i mean = 125.249 +/- 0.016
o] [ sgn:zH t 2 6an2 = 125.447 +/- 0.052
— - Bkg.: ZZ_WWmumu_¥Il_Zqq_egamma_gagamumu_gagatautau | n_L= 16 +/- 16
S 1000 — | - 5ab ot 2CBG n_R= 1.87 +-0.48
g - 2 nbkg = 37789 +- 668
D a0l * P! IDEA nsig = 17930 +/- 652
c i pO = -0.261 +/- 0.24
o Tméjata D p1= 0.0176 +/- 0.0015
W g0l S+BFit 5ot p2 = -0.00010077 +/- 0.0000099
wasn g:(gg 'Et .: :‘ ' sigfrac1 = 0.67400000000
- ' o sigfrac2 = 0.17400000000
400 |— o "*HH# sigma = 0.2771 +/- 0.0083
B : . *H+H+ vy y sigma2 = 0.531 +/- 0.065
. t
'\ At g
200%& H?th#ﬁi{lh#*ﬂ-- PITRAN CURLLRLLELD LA .Ht#.thﬁﬂmt .H.* Hj***#_#ﬂhuﬁ’r# HHH'I {}H H}H *Jiihﬂﬂ
7 8fL el . p". L 1 Lo [ ekt b Pornmmedequgay
a— 1
L= 4
@|2 (EZH Pythia APC-2 Angig/Nsig = 3.64%
S . -Selection
2 Il
\: ‘|| | _| ++ 0 + J ++ ‘.I |||n L4 #{ ++ H
: +*+# | LRI AR
6 Integral ZH =18152
-8 th integral 0
T S .|510/Nsm.|_988/°
20 122 124 126 128 130 132 134 136 138 140

107.0% 1.32

98.8% 1.31

[GeV]

recon

+* Compared to large
x%/NDF on DSCB signal
Only help, Pol.2 may
absorb part of the signals.

¢ Worth trying DSCB+Pol.2
for signal modelling

Nflt

integral
sig / Nsi

sig

13



Parameters fixing for Signal + Background fit in the Higgs region (120-140 GeV)

2CBG_Pol2 pdf with data

. alphal = 1.93000000000
S q200— alphaR = -0.132400000000
8 _  Sgn..zH {ﬂ mean = 125.248 +/- 0.011
N . mean2 = 125.430 +/- 0.038
- 1000 - Ek=g5 EE_TWWmumu _Kll_Zqq_eeZ_yymm_yytt i I.u NEADOORO0000
9’ B election: sel23 Jr.:"-+ 2CBG+PO|2 i 211000000000
~ I~ - -1 i nbkg = 37628 +/- 293
L goo[— CINDF: 131 o IDEA nsig = 18090 +/- 258
S mumu Lot p0= 4.8 +-7.6
q>') — Data : ‘H p1= 0.48 +-0.12
W o]~ S+BFit A p2 = -0.003145 +/- 0.00077
---Sig- Fit E S | sigfrac1 = 0.67400000000
- Bkg. Fit .'.‘ﬂ sigfrac2 = 0.17400000000
400 __ *+: +"ﬂH sigma = 0.2774 +/- 0.0079
L : #*iﬂ | sigma2 = 0.518 +/- 0.030
I~ : " ’fi”HH*h #
" LI
200 [ #*I'Hﬂwiilﬂ*i -------- fopmmemenenando *.*.*imi*’r.. Hjt*“***ﬂi,u* iﬂ t,+* # ﬂi *-hit "
0_ I Y L-&"I PRI RS B SR |..|..|..|-.| ....... [or=m== |"5=9=9=f=pup=p
= 10
0l o
S|E £ ZHPythia  APC-2 Angiy/Nsig = 1.43%
S W, -Selection
2
;:';,u ,:-AI"IV‘I, ,.,“'-'.lu '| #*H ﬂ
\ o] N /!
. +*++* LU TR
-6 Integral ZH = 18152
> PRI S NN TR T R A TN N S N T SO S T NS):Z: N;:lqteglrfll T 99 7%
_1920 122 124 126 128 130 132 134 136 138 140

I\/Irecoil [GeV]

Events / (0.1 GeV)

Data-Fit

2CBG_Pol2 pdf with data

alphalL = 1.53 +/- 0.16
1200 — alphaR = -0.1351 +/-0.014
- sgn.:zH i mean = 125.248 +/- 0.015
- Bkg.: ZZ_ WWmumu_{Il_Zqq_eeZ_yymm_yytt "me:nz:J 215;47 HEh0ds
1000— | =5ab" ot T
B Selection: sel23 +.' '-_ 2 C B G + PO I : 2 :l_’:g.;.;,ss:l‘- :/2 :22
800 — +_: i IDEA nsig = 18074 +- 398
oMU i p0 = 0.99000000000
—_ Data 0 p1 = 0.00460000000
600| S +BFit ,j ! p2 =-0.000065700000
Sig. Fit . | sigfrac1 = 0.67400000000
Bkg. Fit P sigfrac2 = 0.17400000000
- ! sigma = 0.2771 +/- 0.0083
400 L *: 5 ”Hiﬂ i sigma2 = 0.524 +/- 0.054
- Lot
\ LY
ZOOM H’I.hl’#i#ﬂjﬂ"{#*" mEmmmad -.-------.-.-....HIE#...*:'i..Hl*'LH._+ H****h*{-hﬂ* H{ U*H |. *J'ii{.#ﬂ
1(3_ J L | ! |. .... i 1omiere Prronedegapey
5 8
E oE-ZH Pythia APC-2 Angig/Nsig = 2.20%
4 -Selection

i:f ;”..| !il' il LT A 4
LT TR 4 it

B i +

Ml nl, s #*H
P P
Integral ZH = 18152
LS /N = 99.6%

qobEe e L 1 1
820 122 124 126 128 o

ZH Pythia All float | Tails fixed | Bkg Fixed

Angy/Nsig — 3.64%

fit jprintegrads 1 0
NSlg /NSlg St

1.43% 2.20%

99.7% 99.6%

After fixing the tails of Crystal-Ball functions, the ANSl.g/NSl-g

Tz T 136 138 140

[GeV]

recon

decreases to ~ 1.4%

After fixing the backgrounds, the ANSl.g/NSl-g decreases to ~ 2.2%
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Signal Only fit with different p.d.f. in the Higgs region (120-140 GeV)

DB pdf with datg alpha_L = 2.02 +/- 0.11
%\ 1000__ . APC-2 alpha_R = 0.951 +/- 0.019
0] L Sgn.: mumuH ) mean = 125.1194 +/- 0.0057
- F . -Selection nL=69+-19
S sol— é::cs:n soizz | | Two-Sided n_R= 1.280 +/- 0.027
7 B i nsig = 18188 +/- 135
% - - Crystal-Ball sigma = 0.4535 +/- 0.0056
2 ol REAuH
w — Data
-~ 8ig. Only Fit Wh 1za rd
400 = ANSig/Nsig = 0.74%
B Integral ZH = 18188
200 — N /Noa e = 100.00%
1%_ [ ! .
[ .
r[S
S,
(LW
al ¢ t fH ﬂHﬂ L
2 Hh, h**“"{*” T,
°E T T
LT by ”W H#WF}#%
e~
- | f
_135 -I---I...IH|||I...I...I...I...I. .M
20 122 124 126 128 130 132 134 136 138 140

|v'recoil [GeV]

O'CB(GEV) MCB(GEV) XZ/NDF °

DSCB 0.4535 125.1194 12.28
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2CBG 125.0870 1.49 *

Events / (0.1 GeV)

Data-Fit

2CBG pdf with da

alphaL = 3.1 +-1.7

1000 Sgn.: mumuH

L=5ab"
800

600 (MuUMu
— Data

-~ Sig. Only Fit

400

election: sel23 |
¥2/NDF:1.49) 1
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IDEA

mumuH
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mean2 = 125.398 +/- 0.084
n_L=13+/-3.2

n_R = 3.69 +/- 0.66

nsig = 18188 +/- 134
sigfrac1 = 0.465 +/- 0.020
sigfrac2 = 0.401 +/- 0.027
sigma = 0.413 +/- 0.010

sigma2 = 0.831 +/- 0.099
Avgig/Nsig = 0.74%
Integral ZH =18188
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sig/ ''sig
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L
140
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Compared to Two-Sided Crystal-Ball (y?/NDF ~ 12.3), 2CBG function has
better description of the signal y?/NDF decreases to ~ 1.5
Still a little wiggle between 122-130 GeV

Compared to Pythia, Whizard sample has larger CB width and lower CB mean
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Signal + Background fit with different p.d.f. in the Higgs region (120-140 GeV)

DCB_Pol2 pdf with data 2CBG_Pol2 pdf with data alPhak = 2.36 +-0.81
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Need further investigate on Whizard samples
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Parameters fixing for Signal + Background fit in the Higgs region (120-140 GeV)

2CBG_Pol2 pdf with data
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After fixing the tails of Crystal-Ball functions, the ANSl.g/NSl-g

decreases to ~ 1.3%
After fixing the backgrounds, the ANSl.g/NSl-g decreases to ~ 2.3%
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Conclusions and Outlook

s*Conclusion:
» Compared to Pre-Selection, APC-2-Selection keeps ~75% signals but rejects
e ~87% WW
* “96% ZZ
e ~99.88% ZIl

» 2CBG function has better description of signal than Two-sided Crystal-Ball function for both Pythia and
Whizard sample

» For signal + background fit, compared to Two-sided Crystal-Ball function, 2CBG improves the
but neither ANSig/NSig nor y%/NDF is improved for Pythia signal samples

fit integral
N sig / N sig

» After fixing the tails of Crystal-Ball functions, the ANSl.g/Nsig decreases to ~ 1.4%
» After fixing the backgrounds, the ANSl.g/Nsig decreases to ~ 2.2%

**Outlook:

» Derive uncertainty on cross section and mass determination

» Study the impact of improving the magnet from 2T to 3T

25/06/2021
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Background Only fit in the Higgs region (120-140 GeV)

Pol2 pdf with data ~sig = 37566 7194
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APC-FCC-2-selection vs. “ILC” Selection on APC-FCC-Windows

LC Selection: FCC-ee Simulation (Delphes) FCC-ee Simulation (Delphes)

no cut §1600_*'""'"""'""""'"""""'I""Z('V'V')'I"'t ?6 T T T

o 1400: s =240.0 GeV Z(eehH S 1400 Vs =240.0 GeV ZeehH ]

- ’ S T L=5ab"’ —Z(tt)H ] S T L=5ab’ — ZET)H
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APC-FCC-2-selection vs. “ILC” Selection on ILC-Windows

“ILC”-selection to com pare to: FCC-ee Simulation (Delphes) FCC-ee Simulation (Delphes)
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#Events, error and #Entries

Sample #Events Error #Entries #Events Error #Entries 1. Atleast one Z boson from a
+ —_— .
ZH inclusive P8 18150.6 42.8 179826  24276.9 49.5 240523 Hop pair.
— 2. my+,- €[86,96] GeV
Z(utuH 18181.1 24.8 537560  23021.3 27.9 680672 i
Z(t*t)H 12.4 0.7 330 42.1 1.3 1123 3. Pr € [20,70] GeVv
_ 4. 1c0SO.,,;cci .
Z(qH 171.5 3.4 2491 424.1 5.4 6159 | m‘“‘"gl < 0.98
5. Myecoil € [120,140] GeV
Total Signal 18365.0 28.9 540381  23487.6 34.6 687954
W*vuHW=(wu™) 16927.3 46.7 131260 128997.4 129.0 1000290 » “ILC”-selection
ZZ(inclusive) 11219.8 87.3 16512  37207.1 159.0 54757 1. Atleast one Z boson from a
—_ + —_— .
AR 9471.1 256.7 1361  56833.7 628.9 8167 {oipair
. 2. my+,- €[73,120] GeV
Total Main Bkgs. 37618.2 390.8 149133  223038.2 916.9 1063214 ;ﬁ, ;‘_
vy 4.7 1.1 18 73.0 43 282 3. Pr . € [10,70] GeV
4. . _
YyTT 6.3 1.1 30 124.6 5.1 596 |COS m‘“‘"gl < 0.98
24.0 1.6 231 76.8 2.8 741 > Mreconl € [110,155] GeV
ey . . . .
Z - qq 0.0 0.0 0 0.0 0.0 0 Compared to “ILC”-selection,
ZO)H 693 23 900 180.2 37 7341 APC-FCC-2-Selection has “80% total
Z(e*e-)H 9.3 e - - e G signals but only ~17% backgrounds

Additional Bkgs. 113.5 6.7 1413 476.4 16.9 4509 >



Sample
ZH inclusive P8
Z(u T )H
Z(t*17)H
Z(qq)H
Total Signal

W (vu W= ([u")

ZZ(inclusive)
Al

Total Background

Yyup
yyTT
ey
Z—-qq
Z(vv)H
Z(ete )H

Add. Background

#Events

22845.7
24190.7
34.5
425.6
24650.7
133536.7

316393.9

7846489.5
8296420.1

384090.8
304.3
793603.7
0.0

173.9
23.4

1178196.1

#Events, error and #Entries

Error
48.0
28.6

1.1

5.4
35.2
131.2
463.7
7389.4
7984.3
315.2
8.0
286.8
0.0

3.7

1.0
614.7

#Entries
226343
715246

919
6180
722345
1035489
465631
1127541
2628661
1484600
1456
7654357
0

2259
587
9143259

APC-FCC-1-Selection

#Events
19403.9
19199.7

12.5
184.8
19397.0
16951.8
20204.8
45254.0
82410.6
90.8

6.3
6449.4
0.0

69.6
10.3
6626.4

Error
44.3
25.5

0.7
3.6
29.7
46.8
117.2
561.2
725.1
4.8
1.1
25.9
0.0
2.3
0.6
34.8

#Entries
192243
567676

334
2684
570694
131450
29735
6503
167688
351

30
62205
0

904
259
63749

> Pre-Selection
1.

2.

At least one Z boson from a
uhu~ pair
m,+,~ € [80,100] GeV

> APC-FCC-1-Selection

1.

At least one Z boson from a

utu” pair

my+,~ € [86,96] GeV

p“ " € [20, +00] GeV
Mecoil € [120,140] GeV
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Signal Only fit with different selections in the Higgs region (120-140 GeV)

DCB pdf with data DCB pdf with dat DCB pdf with datg
R alphaH = 0.656 +/- 0.021 . alphaH = 0.617 +/- 0.018 R _ alphaH = 0.664 +/- 0.020
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= b Two-Sided | |- oa0s v 130 S L v Two-Sided | |- aist v 1as S r & '+ Two-Sided nsig = 22892 /. 151
z v Crystal Ball sigma = 0.3223 +/- 0.0061 T F v+ Crystal Ball sigma = 0.3209 +/- 0.0056 T 80— + Crystal Ball sigma = 0.3243 +/- 0.0060
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e - \ Ay.../Nsia = 0.72% . - \ Ayn.i./Nsig = 0.74% s , \
s00— Sig. Only Fit | .. ZH Nstg/ sig 400|— Sig- Only Fit |\ ZH Nsig sig - Sig. Only Fit |\ /H ANSl-g/NSig = 0.66%
- ' i B 4 i 400— \ :
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recoﬂ [GeV] recon [GeV] rec0|l [GeV]

Y o (GeV) | My (GeV) | x*/NDF “ILC”-Selection has better y?/NDF but we still do not have a correct

APC-FCC-1 0.3223  125.2803 4.15  description of the signal
* oy and My are close among these three selections

stzg /Nggegml ~100%

APC-FCC-2 0.3209 125.2771 5.17

‘ILC’ 0.3243 125.2819 3.98
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Signal Only fit with Local and Spring 2021 in the Higgs region (120-140 GeV)

DCB pdf with data

alphaH = 0.985 +/- 0.019
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“ILC”-Selection has better y?/NDF but we still do not have a correct

description of the signal

fit integral .,
Nyig /Nsig 100%

Comparing to ZH inclusive samples, mumuH has ~0.13 GeV larger oy and ~

0.16 GeV smaller My
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Signal Only fit with different selections in the Higgs region (120-140 GeV)
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APC-FCC-2-Selection has lowest Ay ; - /Nsig

APC-FCC-2 and “ILC”-selection have close o and My,

Comparing to Signal Only fit, y2/NDF is close to one,
Pol.2 may absorb part of the signal shape
Will try DSCB+Polynomial for signal only fit
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