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Leptonic channel Z FHL f=Higgs 5z Bk iRl & figna| Higgs % di-lepton 2% LT & Bk
@ ECM = 250 GeV, 350 GeV, and 500 GeV e'e >ZH (Z—e'e /p'y)
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e+te>Zh->uph 125 GeV 250 GeV 250 fb-1 P(e-,e+) = Full ILD

et+e>Zh->eeh 350 GeV  333fb-1 A= (-0.8,40.3)  (ILD_01_.v05 DBD ver.)
500 GeV 500 fb-1 ~ HEZF (+0.8,-0.3)
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€ Summary & Plans
signal / BG DRICAEDLE TRITFiEERBEILT S

Signal D%
AEEENZEEISHEL
isolated energetic lepton (1 / e) D7

X ELAZBG D
cete-272Z> I+I-X: forward Z production angle

cete-22yZovyl+l-: energetic ISRy which balance dilepton pt

cete->WW= I+l-vv : broad M., distr. WV<




Lepton Pair Candidate Selection FiEHEEBEILT HE?
B (+/-1)
* E_cluster / P_total : <05 (u) /> 0.9 (e)

signal significance

- BTEEORE
| isolation (small cone energy) ‘Higgs B E—FIEKEFELXFED
> 4f WW_s| BG #XKIEIZERZE

N = —_ 2 s* Hﬂi
. MinvASZE & (91.18 GeV) [ZiELY EHDER

- impact parameter |D0/8DO0| < 5 * M.inv : invariant mass of 2 muons |
pt_dl : pt of reconstructed lepton pair

pt,Y : pt of most energetic photon
Final Selection ECM=350 GeVDI5 & O _missing = polar angle of undetected particles
@ Z = Z production angle

*73 < GeV<M_inv< 120 GeV
* 10 GeV < pt_dl < 140 GeV

Pt,sum ° Pt,g+Pt,dl >10 GeV o 2f (IJ MU /ee) BG a)l%i':ﬁg‘j]
- —BEEIFRODISR ¥ DIERERES

| cos(6_missing)| < 0.98 signallZ/SM P REDMFENESITEEELS

* |cos(0_2Z)| <0.9
*100 GeV < Mrecoil < 160 GeV

¢ Likelihood cut Minv, Ptdl, CosZ
M >Rk 9 Blikelihood



%%gﬁ? - Kernel function BG: 39 or 4t order polynomial
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Toy MC study

BE#: Fitting R ZD R LUMEZ R
M. OZH HEDFEEZFE

Fik:

EF—ADftFERIZH->TI000 x it TToy MCT—HEERK
=>MC D 7 % B CBE#L Tfit : Kernel + polynomial

- signal yield, mass shift, & 0 ZH, MHO#FTIRE =85
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F—aBRNEE BT =l % fsE
Signal significance #0iE 100-160 GeV 250GeV

Significance [ 350GeV
250 > 350 > 500 GeV Zmm > Zee

200GeV

mass err mass err

— Xsec err Xsec err [MeV] [MeV]
MEREH B EcM e = E#E  hgE

250GeV Zmm 3.57%
(250 fb—1) Zee 5.14%

DREFRE
(TDR EX3E)

0

Toy MC study (4 & o= 2k
350GeV Zmm 4.31%

(8333 fb—1) Zee 6.26%

E%%ﬁ*ﬁi ; Total 3.55%
(Pe-Pe+)=(-08+0.3) 500GeV  Zmm 7.27%
GEERE: (500 fb—-1) Zee 7.86%

(Pe—,Pe+)=(-0.8,+0.3)

Total 5.33%
A BT mE iR SHEE

350 GeV (X250 GeVIZ 17 % %5
(leptonDEENE S REEDEE)

ZeelFZmmlZ > 40%H B (bremDEE)

BETIELTICS-10% 5D #HtENEE)

350 GeV 14250 GeVIZ <3{& &
oZeelzZmmlZ 2-3{Z24




WMEELEEBDORAEREE: H20 T )AIZRy—ILLEES

mass err mass err mass err
Xsec err Xsec err Xsec err [MeV] [MeV] [MeV]

ECM E&EE ot =3 combined E&F r&ZE combined
250GeV (2 ab-1) 1.18% 2.18% 1.04% 16.3 28.6 14.2
350GeV (0.2 ab-1) 5.04% 9.66% 447% 152 286 134
2.80% 2.98% 2.04% 250 300 192

SDDECMDIERZEZ=ETEHLE=EEIC,
H20 runMSEAFTES oZHIRZE£0.9%, MHERZE[L14 MeV

Lumi | V? | Lt PSRN integrated Luminosities [fb]
CRIRNERE © H20TMD350 GeVDIE#L S
Physics un | 500} 500 HEMAELOTEE,N B - ILC, Scenario H-20
Physicsun | 350 | 200 TDREXEIZ% N /
Physics mun 250 SOH + 3000 - : Eg: j 232 EZE
e 250, 500 GeVT1={&A 2 [ < . /
, { — —_ &= i 2
Physics run SO0 3500 TREMSTE £ 2000 % /
Physicsrun | 250 | 1500 = =) /
S o = [
polarization fraction with sgn(P(e™ ), Ple™)) = S 1000 2 /
(-,+) (+,-) (--) (+,+) g} C E /
VS [%] [%] [%] [%] D - 3
250GeV 67.5 225 5 5 c 0 j/f,/ - A P A
350GeV 67.5 225 5 5 - 0 5 10 15 20

500 GeV 40 40 10 10 years




Higgs X Bk B &= I € [Emodel independent THSHE

REe—ILRAEBRAb
YL THHiggsHRIRETE—FRDN\AMT AR HLHLHEBADRARELLS

T I\MTF7 A% studyL 1=
BEOMCH T ILIXINELD IS L (BR)B—F BRIZHET DFIRE = (+5

9 BRICEARGLEZREETE—FILICERShEBRETOY T IV E ST

BRINAT ANELLENELSIZT 525 (BGHERR) D FEZZWEL TS

LIEZFLIT,
FRIEE—FMEFMHEAEDRMREE T (ZEA A 6E
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LARE., SFMZEEL TITEFE T 000000
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HigesBHIEE—FRTFTE: RIREIREEfER

[1%E1] Lepton pair Z TR,
HiggsBRIEHEDEHLDEREE>THRHO TS e H D
«E[THD>ZZ*, WW* [ZFEE
JRIZEMTBELLMinv ¥OMrec DHYRED) T TET .
xR B[ Zefficiency HMELE S

Entries
Mean
RMS

42112
90.67
5.664

Invariant mass
(Minv)

| HN P

X% : “best lepton pair” DRFNFEHEEI KT S 3 N S

120 140 160 180 200

h1

FBlue--wrong-pai
LIRIT: MinviZEEIZ—FaL [Red: right pair
Mg A EHLE TEL-F TR/ -THEENH DD
Mrec HAAMHM S BN TULNS RTRETE A KE0N o= Recoil mass
- (Mrec)

B : MinvéMrec TR S T- x "2 ZR/IMZT S

Entries
Mean
RMS

42112
129.5
7.548

[[5iRE2] 2f BG ZETA=OHIZFERTIHVER HO> 7 7,
T T EB—RIZINAMTRERIFT

NE— O .
LLHI: d])t,bal ])t,dl‘ - ])t,g dptbal < 10 GeVEAH Yk

IRTE: ISR 7 &dilepton DA RIDEREEANT-FLLVAYE

2f BG

P lo|lp +p ‘ Ptsum < 10 GeV&7h 7 back—to back
t,dl

t,sum t,g

w.r.t. di—lepton
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21 BG £ RLICBRET HRHA o A
HEED2f BGHERRFERA H ¥ back—-to back
dPt,bal © Pt,dl‘_ Pt,g w.r.t. cdi—Ieptoz

0.2

0.15

0.

-

0.05

AT YIZINA T REFIERT

Entries 83982
Mean 9.511
RMS 17.82

J distr. of Ptsum
L | ered: 2f Z BG
*Blue: Higgs

Cut
Pt_sum < 10 GeV

o

},\

Q
2f BG

NEW #1 isolated photon finder:
tagL TLV% v MISRTH > THiggs BRIEM S TIXLR W EFREE

(small cone energy)

NEW #2  #LULVAYRER
(dptbalD KX YIZ)

o)

P

t,sum

P,*By,

0 ‘ ql'j—\\ M Ll &ahlwagétﬁmwﬁﬁﬁiﬁm
PDG of 7 for events removed by Ptsum /dptbal cut (250 GeV Zu u)

F hist truePFO hist
E Entries 136 F Entries 7
— Mean 23.57 5— Mean 21.14
- RMS 2.862 - RMS 3.506
3 _ - 95 dptbal cut A%~ 100 {&
= 23: Higgs decay - . MHiggsAAtE H Ky Devent
3 s Higes decay IS T7REM TS
3 22: ISR i
- \ T Ptsum(ZHIYEZ (L
N - kN DHiges BRI
= +/-13 FSR(u) T I I HTENEE
- b GRERISEE TR
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“ . . ” MI= OLD: |[Minv—M_Z| Z&x/IME
lepton pairing mistake D17 > NEW: X2 (Mrei—MH, Minv - M_z) Z&/ME

bb cc zz ww tautau gg aa
100.00% 100% 100.00% 100.00% 100.00% 100% 100.00%
100.00% 100% 94.66% 98.13% 99.35% 100% 99.94%
0.00% 4.97% 1.46% 0.51% 0.00% 0.06%
0.00% 4.63% 0.46% 0.26% 0.00% 0.00%
0.00% 0.36% 0.41% 0.14% 0.00% 0.00%
0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

100.00% 100% 100.00% 100.00% 100.00% 100% 100.00%

100.00% 100% 95.47% 98.29% 99.41% 100% 99.91%
0.00% 4.26% 1.37% 0.49% 0.00% 0.09%
0.00% 3.89% 0.48% 0.28% 0.00% 0.00%
0.00% 0.27% 0.33% 0.10% 0.00% 0.00%
0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

0
0
0
0

———— HE: HAMENARDLE

C2: two real leptons exist, but at least one wrong lepton (H>Zz*: 14% D> HOWW*: 6%D)
C3: both leptons wrong

C4: only 1 real lepton

C5: no real lepton *BR(H>ZZ*)~2% & /NSLND TRLKZES=HN.
BR(HO>WW*)~22% L KEL VD TRIERIMAEL ALY
-EfRhigh statistics sample DFER FHiggs DI LL TR —ILLTEELT-




WEWGT—R: REEB DHiggs iRt ZEZ R LGS

eff(final) dev¥BR eff(final) Cheat: MC truth ZF|FELT. Higgs
82.58% 0.170% 78.14% BRI EI SR DleptonZfixt (CHEFEATLY
82.59% 0.008% 78.14% FIIZL TS

82.50% 0.018% 77.69%

82.02% -0.017% 717.32% Efficiency values
81.98% —0.066% 77.44% weighed by SM BR
82.02% —0.007% 75.74%

68.38% —-0.032% 64.69%

avg eff: 82.29% avg eff:

eff(final) devBR eff(final) dev¥BR
82.58% 0.110% 78.14% 0.150%
82.59% 0.005% 78.14% 0.007%
82.50% 0.009% 77.69% —0.016%
82.17% —-0.014% 77.53% —0.022%
82.30% —-0.019% 77.76% —0.026%

82.87% 0.013% 78.00% 0.003% ‘n
68.41% ~0.032% 65.32% ~0.029% Zee |FZ u p KYBMEE

avg eff 82.39% avg eff 77.88% LNAREE ST LY

H>bb, cc, gg [EERF/INAT ADEND Treal” & cheat” i —E
“cheat” MIFH . efficiency [FH>zz H31%, HowwhHY 0.3% EF (GtaKBELLN?)

OZHADNRIF/EIT <017% (Zu 1), <0.24% (Zee)
H20 run HDo/ONIRED o ZHOFHEHFREZ(TANIZTES (~0.9%)




ete->ZH D I+I-H (I=p/ e)iBIEZ AL \=Higgs X Bt E 2RI E

Summa @ ECM = 250, 350, 500 GeV
Higgs H B LZHA FUBTEIIR (£ TDHiggs coupling~N D& ! ) Dmodel independent I E
‘ECM & E—LRBHINAIEREICS A SR BETMEL:

BiH12BYDHETREEZHLI: © ECM(3) x LTFUF¥URIL(2) x E—LRIE(2)
< TDREREZXIREL-FTFEE> (Zup Zee channels combined)
ECM (Pe-,Pe+)
250 GeV: (-0.8,+0.3) Ac/0=2.7% AM =38 MeV (+0.8,-0.3) Ac/c=2.9% AM =38 MeV
350 GeV: (-0.8,+0.3) Ac/06=3.2% AM=97 MeV (+0.8,-0.3) Ao /6=3.5% AM =105 MeV
500 GeV: (-0.8,+0.3) Ac/0=5.0% AM =448 MeV (+0.8,-0.3) Ac/0=5.3% AM =536 MeV
LuminosityhSECMIZ 5l 9~ S TDRER TE Tl
*350 GeVI3250 GeVIZEE R TozZH FFE (X RTRELLUVAS . MHDFEE (X250 GeVAS 25 LI LB’ F

s Zppldzee LR THEBELEEL2-IEEF
EHERBXELSHEBICLHERTEHEBEL 5-10% EF

‘H20 O F)FIZBREETEIDDECMEDHE T oZHDFEE=0.9%, MHIEEE=14 MeV

HiggsBEIRE—F/\N\A T RIZKBHZHA D RMIRE (FH20THIF SN SR A MR R EICLE
RTEETITHGLCEFIRRL: <017% (Zp p). <0.24% (Zee)
D ILCDE—IILRARA D1 DEHER ! !




Higes Recoil Study DTS5/

(1) 500 GeVMABILCODIEERZ IR T HH20 ) A DR Em b
500 GeV T leptonic recoil DFEEDHE

+ 500 GeV®hadronic recoil ¥ BHLa
DEZXIBLDOFLY (EEBRIIZ)

(2) £ TOHOECMTELEZS0ZHIEEDXHE
e H->visible EH->invisiblel 29 (F1-f2#T
> TEMG L 1 v vBGOREEZIZ 55

(3) beam spectrum M i5{D R irE Dstudy

WE Title (preliminary) : Leptonic Higgs Recoil Analysis at the ILC
DHXEENTNET (SE(E)P5ER?)




Leptonic Higgs Recoil Analysis at the ILC

This paper reports on the expected precision for the model independent measurement of
the absolute Higgs boson production cross section for the Higgsstrahlung process at the
ILC. Only possible at the ILC, this unique measurement is indispensable for extraction of
all Higgs branching ratios and couplings from event rates. Also reported is the expected
precision for the Higgs recoil mass, which provides a window into physics beyond the
Standard Model. The study here is based on full simulation of the ILD detector as
proposed in the Technical Design Report. In the clean Higgsstrahlung process, the Higgs
Boson is produced together with a Z boson which decays into a well-measurable dilepton
system (Z—> U U or Z—>ee). In accordance with the most up to date plan of ILC
accelerator operation, analysis has been carried out for three center of mass energies
(Ecm) of 250, 350, and 500 GeV, and alternative beam polarization scenarios. Methods of
signal selection are optimized to achieve the best ZH cross section precision while
maintaining Higgs decay mode independence. At Ecm=250 GeV, where the best detector
resolution is obtainable, the ZH cross section can be determined with a precision of 2.7%,
while the expected Higgs mass precision is 39 MeV. (Reasonable precision a have also
been demonstrated for the higher energies of 350 and 500 GeV which extend the physics
reach).
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H—RILZB EHETE (Kernel density estimation)
I—RILBEHTEZAVNTERT—20BEEAOT—42%5ET 5

x1,%x2, ... xN ZFHEEZHOMIINDEI—LENMICHIERET S
HEEZEREBOA—RIVEEH T

K=h—=>)LEE% (8% Gaus(0,1)) h =7\ RhE (FE{E /NS A—4)

R —ERDFAICANTHA TIHEMIT—HSE TV S DI TGN
N—RIVEBDORESN-OTEZBRICTEZD
DFEY. AT DML THENEASINS =D, BRELTIERIZELMN LGS

-2.1 -1.3 -04 1.9 51 6.2
6o ﬁ"‘“‘»{&ﬂsz r‘—‘F' EF S OB r'.—|"| . .a""‘fL "*'; : T"?*‘ TF"'*'D (FTDH
JAHEOE) TCHEIETHEEND, ATOMmD, |
EohHEBLCHDIFTE. :..If—__’i.h_E'Et_‘*:E LS,




Efficiency of each Higgs decay mode (after each cut)

Eff. (%) bb cC oq tt el zz a3
Cuth 02,41 =/, 866 02,43 +/-0, 887 0i.66 +/- 8,80 03,27 +/-0.8B1 02,67 +/-D.0B3 93,81 -/ -0, 882 02,84 +/- 0.87
Cutl 02,41 =/, 866 02,43 +/-0, 887 0i.66 +/- 8,80 03,24 +/-0. 081 02,64 +/-P.BB3 92,77 +/-0, 883 02,83 +/- 0,87
Cut? 0@, BS =/, 804 OB, B4 =0, 805 15 T L M 01,37 +/-9. 801 08,56 +/-0, 803 0.6 +/ -0, 004 0p. 48 =/~ D.0B
Cuts BB.GZ +/- 8.1 BO.AT +/- 8.1 BE.23 +/- B.11 BO.30 +/ /-8, 800 BE.53 +/- @.1 BB.40 +/- 8.1 BEB.6O +/-B,8B6
Cutd BB.71 +/- @.1 BB.BE +/- @.1 BE.A3 +/- B.11 BO.Z2 +f- @.1 BE.2O +/- @.1 BB. 24 +/- 8.1 BB.52 +/-8,8B7
Cuth BB.BE +/- @.1 BE.B +/- 8.1 BT.QF +/- @.11 BE.73 +/- 4.1 BE.1BE +/- @.1 BB.13 +/- 8.1 Bb. 7 +f-8.802
Cuth : BB.16 +/- 8.1 BE.AT +/- 8.1 BT.B2 +/- A.11 BT.00 +/- &4.1 BT.43 +/- @, 11 BT.3 +/- 8,11 73,104 +/- .12
Cut? B1.72 +/- 8,13 Bl. 74 +/- 8.13 Bl1.23 +/- 8.13 Bl.62 +/- @.13 Bl.84 +/- @.13 Bl.14 +/- 8.13 67,08 +/ - .13
CutB : B1.55 +/- @.13 B1.58 +/- @.13 Bl.87 +/- 8.13 Bl.42 +/- @.13 BA.BS +/- @13 BA.BT +/ - 8,13 67.BO +/ - @.13
Eff. (%) bb CiC oq tt el zz aa
Cuth 03,7 +/-h,870 03,60 +/- 0,08 03.4 +/-0.0B81 04,82 +/-D.877 04,84 +/-0. 876 04,36 +/-0.874 93,71 +/-0, 066
Cutl : 03,7 +/-h,870 03,60 +/- 0,08 03.4 +/-0.0B81 03,00 +/-P.877 04,82 +/-0.876 04,15 +/-P. 875 03,7 +/-0, 066
Cut? 92,12 +/-0,8B7 02,06 =/ -0, 8680 01,76 /- 0,09 02,14 +/-P. 0BT 01.96 +/-P,BBT 01,99 +/-P, 8B7 01,21 +/-0.877
Cut3 08,00 =/ -, 807 0B, 2 +/-0,00B BO, B4 =0, 800 0B, B6 =B, 807 BO.TT +/-0, 807 BO,.TB =/ /-0, 807 BO,35 +/-f, 8B4
Cutd BO.BB -/-f, 008 1 I O I BO, B4 =/ -0, 800 BO.BT +/-B. 807 BO.53 +/-P, 008 BO,.53 +/-P, 008 BO. 17 +/-f, 8BS
Cutt BO.B3 =B, 00B BO, 04 =/ -0, 800 BO.5T +/- 8.1 BO,30 +/ /P, 800 BO.43 +/-P, 008 BO,42 +/-P, 800 BT.34 +/-0, 801
Cuth : BO.ZB +/- B.1 BO.5B +/- 8.1 BO.42 +/- 8.1 BB.B4 +/- B.1 BB.BE +/- 8.1 BB.56 +/- 8.1 73,67 +/- .12
Cut? B2.75 +/- B,12 B2.75 /- @.12 B2.67 +/- B, 12 B2.23 +/- 8,12 B2.16 +/- 8,12 B2.2B +/- 8,12 GE.48 +/- 0.13
Cutk : B2.58 /- 8,12 B2.50 +/- B.12 B2.5 +/- d.12 Bz2.@2 +/- 8,12 Bi.08 +/- 8,12 B2.82 +/- 8,12 GE.3B +/- 0,13
Cuth B2.58 /- 8,12 B2.50 +/- B.12 B2.5 +/- d.12 Bz2.@2 +/- 8,12 Bi.08 +/- 8,12 B2.82 +/- 8,12 GE.3B +/- 0,13
Cutld: 4.8 +/- 8,14 T4.65 +/- B.14 T4.B +/- B.14 74,55 +/- 8,14 T4.47 +/- 8,14 73.B3 +/- 8. 14 4.0 +/- 8,13
Process: ZH —= mu+ mu- H
Polarization: (e-,e+) = [-8.8,+8.3) cut definition
Cuts
Cut @ :
Cut 1: leptype==13
Cut 2 : Ptdl=-1855abs (Mimy—01, 1B ) <4 B55Mrec=10B5Mrec<300
Cut 3 : Miry=T35EMime=128
Cut 4 : Ptdl=1855PtdL=Ta
Cut 5 : {Ptsum=8| | Ftsum=18)
Cut & : [ [Evis—Elepl-Elep2-Ephotonmax ) <1855Ephotormax=Bbiabs [ cosmis )8, 98 )
Cut T : absicosz) = 8.9
Cut B : Mrec-18855Mrec-168




Efficiency of each Higgs decay mode (after each cut)

ERedl data
Cutd a3, 7

Cutl
Cut2
Cut3
Cutd
Cutt
Cutb
Cut?
Cutk
Cutd
Cutld:

03.7

oz,
oa,
BO.
BO.
BO.

1z
&a
BB
B3
2B

Eff. (%)
Cutd
Cutl :
Cut2 :
Cut3 :
Cutd
Cuth
Cuth :
Cut? :
Cutk :
Cuth
Cutld:

03.v

oz,
oa,
BO.
BO.
BO.
B2.
B2.
B2.

12
aa
EE
B3
2B
75
LE
LE

T4.8

e
e
oz,

BE
BE
BE

4 )

oa.
ED.
ED.
B2,
B2,
B2,
T4,

a1
el
GE
75
&0
&0
Bo

co

+/- 0,08
+/- 0,08
+/-0,8E0
S
S
+/-0, 800
#- Al
+f- 8.12
+f- 8.12
+f- 8.12
/- 8. 14

0.4
0.4
01. 76
EQ. B4
BO. &
BO.57T
BO.42
BZ.B67
B2.5
B2.5
4.8

ce between real and cheat

0.00%
0.00%
0.00%
—0.15%
—0.32%
—0.85%
—0.03%

bb

cc
gg
tt
ww
zz

aa

MC stat error
0.12%
0.12%
0.12%
0.12%
0.12%
0.12%
0.13%

“cheat pairing” (MC truth) results indicate
that indeed the problem is due to paring
non—prompt Z decay leptons.

maybe the only problem left




BG level fluctuation is controlled

by fitting recoil mass over a wide
range (100 — 160 GeV)

=5
om

0

u

oy
=50
@,

an improvement from
previous studies

* BG level is usually fixed for Toy MC (optimistic scenario)
° (pessimistic scenario)
not a big degradation since I fit recoil mass spectrum over a wide range
g deg p g GOOD

Example:
Zmm XS€ec Recoil mass BG fluc
250GeV 3.35% =2 3.62% 40 MeV, no change 1.23%

350GeV  3.90% = 4.39% 101 2> 95 MeV 1.67%

21



(- Statistical error study results
0.8,+0.3) XSec err mass err [MeV] Z->up and Z>ee combined

XSec error
* 350 GeV is 17 % worse w.r.t. 250 GeV
* 500 GeV is much worse

e Zee is worse by > 40% w.r.t. Zmm

* right hand pol is worse by 5 —10 % w.r.t.
left hand

Mass error
*350 GeV is worse by factor of slightly
less than 3 w.r.t. 250 GeV

(+0.8,-0.3) XSec err mass err [MeV]

*Zee is worse by a factor of 2 — 3 w.r.t.
Zmm

*Systematic error of fitted recoil mass is
negligible (< few MeV for 250, 350 GeV)

xsec error almost same as past results using GPET



Reconstructed data
recoil mass histogram

250 GoV : (- 0.8, +0.3) Z>ee channel

250 GeV : (+0.8,-0.3)
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250 GeV : (- 0.8, +0.3)

Z>uu channel pooil mass histogrs

Ea:uo_— 250 GeV : (+0.8, _03)
a F ;;ﬁ -
= [ Sig + BG wignf—
50— & F
i BG 2 F
s . 140(—
i r . Signal E -
00— d120f—
150} 100
r E':l_—
100 -
5 Gl
- a0 Ny W - - oo - -
_I 1 1 1 I 'l 1 1 1 I 1 1 1 1 I 1L 1 1 'l I 1 1 1 - I 1 !
5P'EI'EI 110 120 130 140 130 0 TR R R TN A TR T S S Wil i e
Recoil Mass [GaV] fﬂm 110 120 130 140 150

Ji]
Recail Mass [GaV]

350 GeV : (-0.8, +0.3) |

| 350 GeV : (+0.8, -0.3)

Entrigs / 0.25 Ga
=
=

400

300

100

&
=]

<]
=]

Entrias / 0.25 GaV

250

200

150

100

50

'''''

L 1 L 1 I 'l L L L I B L L ' I 1 L L L I L L L 'l I L L L L
10 120 130 140 150 188
Racail Mass [GaV]

150 180
Recail Mass [GaV]

=
=




500 GeV many challenges remaining : low statistics, low S/B ratio, ect...

500 GeV Zmm (- 0.8, + 0.3) Ii

500 GeV : Zmm (+0.8, —0.3)
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Can precision can be slightly improved if we fit over a wider range ?
assuming we can neglect the H*>WW bump beyond 160 GeV

500 GeV, Zee (-0.8,+0.3) fit in 100 — 250 GeV (c.f. 100-160 GeV)
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Check lepton pairing mistake : Zee channel

bb tautau gg

Total elec IR0 100% 100.00% 100.00% 100.00% 100.00% 100.00%
C1 99.91% 100% 97.36% 96.89% 98.35% 99.92% 98.15%
C2 0.05% 0.03% 1.97% 2.16% 1.06% 0.01% 1.38%
C3 0.00% 0.00% 1.17% 0.01% 0.01% 0.00% 0.02%
C4 0.04% 0.02% 0.66% 0.89% 0.52% 0.01% 0.41%
C5 0.00% 0.00% 0.01% 0.00% 0.00% 0.00% 0.00%

C1: correct

C2: two real leptons exist, but at least one wrong lepton
C3: both leptons wrong

C4: only 1 real lepton

C5: no real lepton



(- Statistical error study results
0.8,+0.3) XSec err mass err [MeV] Z->up and Z>ee combined

XSec error
* 350 GeV is 17 % worse w.r.t. 250 GeV
* 500 GeV is much worse

e Zee is worse by > 40% w.r.t. Zmm

* right hand pol is worse by 5 —10 % w.r.t.
left hand

Mass error
*350 GeV is worse by factor of slightly
less than 3 w.r.t. 250 GeV

(+0.8,-0.3) XSec err mass err [MeV]

*Zee is worse by a factor of 2 — 3 w.r.t.
Zmm

*Systematic error of fitted recoil mass is
negligible (< few MeV for 250, 350 GeV)

xsec error almost same as past results using GPET



250 GeV e2?2e2 Lpol deviation  deviation

N(100-160) N _err eff eff err from avg  from ALL
bb 1885 3) 72.40% 0.15% 0.42% 0.21%
cc 1882 3) 72.29% 0.15% 0.31% 0.10%
tt 1883 3) 72.33% 0.14% 0.35% 0.15%
gg 1872 3) 71.91% 0.15% —0.08% —0.28%
ww 1866 3) 71.67% 0.14% -0.31% -0.51%
zz 1856 3] 71.29% 0.15% —0.69% —0.90%
all modes 1883 9 72.19% 0.27%

avg of 6 71.98%

— - e systematic bias is € 1.3% for Zmm. < 4.2% for Zee
Efficiency of each Higgs e H->zz, HOww most affected
decay mode (after all cuts) (lepton pair containing lepton not from prompt Z decay )
250 GeV elel_Lpol deviation  deviation
N(100-160) deltaN eff eff err from avg  from ALL
bb 1491 6 94.65% 0.17% -1.15% -0.39%
cc 1497 6 54.86% 0.16% —0.94% —0.18%
tt 1480 6 954.21% 0.16% —1.58% —0.83%
gg 1484 6 94.38% 0.16% -1.42% —0.66%
ww 1469 6 53.83% 0.16% -1.96% -1.21%
zz 1442 6 92.83% 0.16% —2.96% —2.21%
all modes 1502 10 95.04% 0.28%

avg of 6 94.13%



Efficiency of each Higgs decay mode (after each cut)

%)

Cut@ : 0z,
Cutl : 92.
Cut2 : Ge.
Cut3 : BB,
Cutd : BB.
Cuts BE.
Cutb : BB.
Cut? : Bl.
Cutg : Bl.
Cutd : Bl.
Cutl@d

41
41
B85
92
71
1.3
16
72
25
55
74

bb

+/-0.BBE
+/-0.BBE
+/-0.094
+/- B.1
+/- B.1
+/- B.1
+/- B.1
+/- 0.1
+/- B.13
+/— B.13
+/- B.14

92.
82.
oa.
ga.
BE.

43
43
B84
ar
BE

BE.B

BE.
B1.
gl.
B1.
73,

47
74
28
59
BE

+/-B.BBT
+/-B.BBT
+/-0.Bo5
+/- B.1
+/—- B.1
+/- B.1
+/—- B.1
+f— B.13
+/- B.13
+f— B.13
+/- B.14

91.
81.
oe.
BE.
BE.
B7.
B7.
B1.
gl.
B1.
73.

=1
i1
a5
23
a3
a7
B2
23
ar
a7
63

gqg

+/— B.89
+/— B.89
+/-0.098
+/— B.11
+/— B.11
+/- B.11
+/— B.11
+/— B.13
+/f— B.13
+/— B.13
+/— B.14

893.1
83.1

a1.
B89,
B9.
BE.
BE.
B1.
g81.
B1.
74,

41
22
33
87
12
74
24
54
22

tt ,
+/-B.BB2 92.19 +/-0.086 92.41 +/-0.0B5 92.B3 +/- 0.07
+/-B.BB2 82.19 +/-B.0B6 82.41 +/-8.085 B2.B3 +/- B.07
+/- B.089 B8.56 +/-B.0893 08.B6 +/-0.0803 B8.51 +/- B.08
+/-B, 899 B8.74 +/- 0.1 89.11 +/- 0.1 BB.72 +/-0.086
+/- B.1 BE.54 +/- 8.1 BE.O1 +/- ©.1 BE.55 +/-0.0B7
+/- B.1 BE.44 +/- 8.1 BE.B +/- 0.1 B6.73 +/-0.092
+/- B.1 B7.60 +/- B.11 BE.B1 +/- ©.1 73.17 +/- B.12
+/- B.12 B1.20 +/- B.12 B1.76 +/- B.12 BE.B1 +/- B.13
+/- 8,13 81.12 +/- 0.13 81.61 +/- 0.12 67.92 +/- 0.13
+/- B.13 B1.12 +/- B.13 Bl.61 +/- .12 67.92 +/- B.13
+/- B.14 73.B +/- 08.14 74.53 +/- 8.14 64.49 +/- B.13

Eff. (%)

Cutd : 2
Cutl : o2
 Cut2 : o
 Cut3 : BE
Cutd : BB
 Cuts : BE
Cuth : BB
Cut?y B2
i[utE z Bl
Cuth Bl
 Cutld T4

bb

+/-8.BB6
+/-8.BB6
+/-08.08094
+/- B.1
+/- B.1
+/- B.1
+/- B.1
+/— B.12
+/— B.12
+/— B.12
+/— B.14

Process:

OO =) O L S Lt Pud e O

fH ——= mu+ mu- H

: Ftdl-18E5Ptd1-T8

B2,
B2,
oe.
BG9.
BE.

43
43
B84
a7
BE

BE.B
BE.B

B2.
B1.
B1.
74,

[ Ptsume=d| | PFtsum=18)
[ [Ewis-Elepl-Elep2-Ephotonmax )< 1055E photormax=-dbhabs ( cosmis )=8, 98}
abslcosz) = 8.9

Mrec=18888Mrec-160

a1
B6
B6
11

CC

+/-0.BB7
+/-0.BB7
+/-0.005
+/- B.1
+/- B.1
+/- B.1
+/- B.1
+/— B.13
+/— B.13
+/— B.13
+/—- B.14

81.
81.
oe.
BE.
BE.
B7.
B7.
B1.
B1.
B1.
73.

i1
i1
a5
23
a3
a7
a7
35
19
19
74

ag

+/— B.89
+/— B.89
+/-8.008
+/— B.11
+/— B.11
+/— B.11
+/— B.11
+/— B.13
+/— B.13
+/— B.13
+/— B.14

83.1
83.1

81.
BG9.
BG9.
BE.
BE.
B2.
B2.
B2.
74,

41
52
33
87
87
25
a6
a6
63

cut definition

Polarization: [e-,es) = [-0,B,+8.3)

—————————— Cuts———————

Cut
leptype==13
Ptol=-1855abs (Mimy-01, 1B ) =4855Mrec=-10A55M re c-308
Miry=T35EMim=128

tt Wi zZz aa

+/-B.8B2 02.19 +/-B.BB6 02.41 +/-8.885 02.83 +/- 0.87
+/-B.8B2 02.19 +/-B.BB6 02.41 +/-8.885 02.83 +/- 0.87
+/— B.89 0R.56 +/-B.803 0R.BE +/-B.893 0R.51 +/- B.08
+/—-8.889 BE.74 +/- 8.1 B9.11 +/- 8.1 BE.TZ +/-0.086
+/— 8.1 BB.54 +/- 8.1 BE.O1 +/- 8.1 BEB.55 +/-0.087
+/— 8.1 BE.44 +/- 8.1 BB.B +/- 8.1 BE.T3 +/-0.002
+/— 8.1 BE.44 +/- 8.1 BB.B +/- 8.1 BE.T3 +/-0.002
+/— B.12 B1.93 +/- B.12 B2.32 +/- 0.12 BR.3 +/- B8.11
+/— B.12 Bl.76 +/- B.12 B2.1B +/- B.12 BR.1Z2 +/- 8.11
+/— B.12 Bl.76 +/- B.12 B2.1B +/- B.12 BR.1Z2 +/- 8.11
+/— B.14 T4.38B +/- B.14 75.01 +/- @B.14 T2.098 +/- B.12

If omit costhetamiss cut

*Bias on aa mode is greatly reduced by a
factor of 10

*Remaining bias from Minv and Ptsum cut




Efficiency of each Higgs decay mode (after each cut)

[l i i i o
[l i T i o
=i i T i o
[l i i i o

[l T
[l T

Eff. (%) bb cc ag tt Wil zz aa

Cut® : B7.BB +/- B.11 B7.72 +/- 8.11 B7.82 +/- B.11 BB.21 +/- 8.1 B7.91 +/- 8.11 B7.8B +/—- 0.1 BE.B4 +/-B.BB3
Cutl BY.BE +/- B.11 BY.72 +/- B.11 B7.082 +/- 8.11 BB.21 +/- B.1 BY7.91 +/- B.11 BY.O0B +/- R.1 BB.B4 +/-D.RB3
Cut2 BB.23 +/- B.12 Bb.12 +/- B.11 B5.33 +/- B.11 B6.45 +/- B8.11 BE.3 +/- B.11 BB.24 +/- B.11 BB.BE +/-B.801
Cut3 B4.15 +/- B.12 B4.85 +/- B.12 B3.28B +/- B.12 B4.23 +/- B.12 B4.17 +/- B.12 B4.89 +/- B.12 B3.BO9 +/-0.006
Cutd B4.B5 +/- B.12 B3.06 +/- B.12 B3.2 +/- B.12 B4.13 +/- B.12 B4.BE +/- B.12 B3.00 +/- B.12 B3.B +/-0.857
Cut5 B4 +/- B.13 B3.BB +/- B.12 B3.13 +/- B.12 B3.BB +/- B.12 B3.97 +/- B.12 B3.BB +/- B.12 B2.89 +/- 8.1
Cutb : B4 +/- B.13 B3.BB +/- B.12 B3.13 +/- B.12 B3.BB +/- B.12 B3.97 +/- B.12 B3.BB +/- B.12 B2.89 +/- 8.1
Cut? : T7.B2 +/—- B.14 TT.B2 +/- 8.14 76.096 +/- B.14 TT.71 +/- 8.13 T7.82 +/- B.13 T7.81 +/- B.13 76.11 +/- 8.11
CutlB : T7.62 +/— B.14 T7.59 +/- 8.14 76.71 +/- B.14 77.49 +/- 8.13 T7.6 +/- B.14 T7.67 +/—- B.13 T5.B7 +/- 8.11
Cutd : T7.62 +/— B.14 T7.59 +/- 8.14 76.71 +/- B.14 77.49 +/- 8.13 T7.6 +/- B.14 T7.67 +/—- B.13 T5.B7 +/- 8.11
Cutll: 69.11 +/- B.16 BB.D +/- B.15 BB.46 +/- B.15 60,24 +/- B.15 60.BB +/- B.15 B0.46 +/- B.15 B7.84 +/- B.12

Process: ZH —= &+ - H
Polarization: [e-,e+) = [-8.B,+8.3)

Cuts cut definition

If omit costhetamiss cut

Cut
Cut
Cut
Cut
Cut
Cut
Cut
Cut
Cut

leptype==11 *Bias on aa mode is greatly reduced by a
Ptdl=-1865abs (Mime-01, 1B ) <6085Mrec=-10855Mrec=300

Minv>T36EMiny<120 factor of 10

Ptol=1855Ptd =78

(Ptsum-=8| |Ptsum=18} L. . .

I {{Ewis-Elepl-ElepZ-Ephotormax ) <1855Ephotormax=BiSabs { cosmis )=, OB} 'Remalnlng bias from Minv and Ptsum cut
abslcosz) = B.9

Mrec=-18855Mrec-168

00 =] O L1 & L P = O
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observation of Ptsum distr
(at stage just before Ptsum cut)
Zmm channel
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H-> bb
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H->zz mode "0
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250 GeV Zmm left pol
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250 GeV Zmm left pol
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Pe2e2h_elL.pR & Pe2e2h._eR.pL

* 4f 77 leptonic

e 4f 7Z semileptonic

* 2f Z leptonic

* 4f WW _leptonic

* 4f WW _semileptonic

* 4fSingleZee_leptonic

* 4fSingleZnunu_leptonic

* 4f ZZWWMix_leptonic

 6f backgrounds (sqrt(s)=350 GeV)

note that difference from past studies maybe sue to:
assumed L (350, 250 GeV) = (333, 250 fb-1) vs RDR: (300 fb-1, 188 fb-1)
this analysis include all 2f, 4f, 6f BGs (whizard generator) vs only WW, ZZ (pythia
generator ?)
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