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recoil mass study using e+e- < Zh = p+p-h

@ Ec.m.s. = 250 GeV, L =250 fb-1 polarization:
(e—, et+) =(0.8, 0.3)

Goal: +

. c Z ;,' [i X
precise measurement of ’
» Higgs mass . ut

 crosssection O, : N=0O*L*¢g

Changes from previous week

O data selection optimization (adjust cut window for invariant mass and coplanarity)
- improved signal efficiency and significance

O estimate error on efficiency and cross section @

O compare with results between difference polarization
(-0.8,+0.3) vs (-0.8,0) wvs (0,0)

O added all signal and BG processes, just to make sure



DBD Samples

event weight = pol_weight * ( process_cross_section * assumed_integrated_luminosity )

/ ( number_of reconstructed_events )

Signal sample:
Pe2e2h.eLpR & Pe2e2h.eR.pL

relevant BG process for Zmumu
e Af 77 leptonic

dominant ones

. 2f_Z Igptonic

. 4f WW _leptonic el pk CrOSS Sec weight

4{S] higgs 1714 0,148

. 4f5|ng|e2nugu_|epton|c BG in order of large cross section

* 4f ZZWWMIix_leptonic 217 | 21226 .4 1.46
Af £ MR | 1636 .04 0283
A 1A | 1964 .21 0o
4t 77 =l 142214 0280
Af singled ee_| 1084 1 0.2%1
At =ingles nn_| 19273 047

4t 27| 19796 0373



Muon Selection

Next optimized

*reject neutrals these parameters

* Ptot > 5 GeV
e small E_cluster / P_total < 0.5
* opposite charge

B Best track selection
cos(track angle) < 0.95
|D0/8DO| < 4

Best Z Candidate Selection
2 mu candidates with opposite charge

if several possibilities :
choose pair with invariant mass closest to Z mass

hist_recoil_stack

Final Selection from LAST WEEK

analysis after filling root files

86 GeV <M _mumu <95 GeV
123 GeV < Mrecoil < 135 GeV
10 GeV < pT_mumu < 70 GeV
0.2 < mumu_coplanarity< 3
|cos(B_Zpro)| <0.91

(Z production angle)

Evaluate data selection
efficiency in within range
of 123 — 135 GeV
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Final Selection Optimization #1

ider Minv cut
84 GeV < M_mumu@

e 123 GeV < Mrecoil < 135 GeV

10 GeV < pT_mumu < 70 GeV

.@ coplanarity < 3 removed lower limit on

|cos(0_Zpro)| < 0.91
(Z production angle)

coplanairty

Final Selection Optimization #2

<82 GeV<M mumu<98GeV
e 123 GeV < Mrecoil < 135 GeV
* 10GeV< pT_mumu<70GeV

- rumrt—coplanarity<3 removed
—_ coplanarity cut

* |cos(0_Zpro)| <0.91
(Z production angle)




Comparison of Some Parameters
between Signal and BG Processes



coplanarity.
before cut

Tried to cut
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c hist_acos2_jackieZH_higgs_ffh_Pe2e2h_elL_pR | T
coplanarity, after all other cuts Entries 10652

Mean 2.086
RMS 0.6252

hist_acos2_jackieZH_4f_ZZ_semileptonic_el_pR A
Entries 2773
Mean 2.274
RMS 0.5636
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Trying to decide whether to use
B T T B SR RN N NN S coplanarity cut
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RMS 0.5908
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Entries 4903
Mean -0.002834
RMS 0.7716

Z production angle

blue: BG (4f ZZ |
very forward
-> use for cut

Black: Signal
isotropic

docut: |cos(O Zpro)| < 0.91



BG Rejection Efficiency : 123 — 135 GeV : last week

Improvement after change to  coplanarity < 3 (remove lower limit)
<S> =1421, Sig eff66 %, S/B=0.47, S/sqrt(S+B)=20.6

after M_rec cut cos9Z cut seem quite effective for improving S/N

cut 4 LL | 4 LL sl dfsingledee | 4fsinglednnl  4LZIWWMix

no cut 22495 810 88496
best mu 880 GGG 11ai
M_imv 181 J96 1081
M_rec 2] 224 63
P Tdl 2 218 fidd
0.2<cop<3 gl 188 610
62 69 175 XY




NEWEST
BG Rejection Efficiency : 123 — 135 GeV

cut signal eff BG_all eff S/N S/ sqrilS+N;
no cut 2160 100% 20461 100% 0.043 5416
best mu 1538 90% 34109 6/.09% 0.057 10.207
84 <M_inv <08 1742 B1% 12358 J0.44% 0,120 13.321
123 <M_rec <135 1606 14% 8330 18.49% 0.183 18397
10 <P_TdI<T0 1284 13% 4789 4.48% 0.363 19.8438

cos( 8 Z)<0.91 1491 69% O 3637  7.21% @

cut af LL sl 2L 4 Ww_l  dfsinglede fSingledr 41220 WMix_|
ne cut 4164 271974 2139 24895 B10 BEOG
best mu 3291 19228 1543 BED GEE 1ig!
84 <M_inv <88 1407 11047 Ja0 174 482 1612
123 <M_rec <135 894 B0 212 108 24 076
10 <P_TdIKT0 Bd1 2254 208 103 239 Hdd
cosl 8 Z)<0.91 Ma 1447 183 BE 200 B4




recoil mass after implementing all cuts

| hist_recoil_all | hist_recoil_all
Entries 30957
E - Mean 127.4
. . s 100 d RMS 6.742
fitted recoil mass 2 F ' 1 I ndf 174.8/195
T a0 . height 62.34 £ 4.16
=] - mean 1253+ 01
Mh =125.3 GeV +/- 70 MeV £ ,E ! H A e
- boundary 0.1125+ 0.0183
70— { connection 0.5357 + 0.0762
calculate recoil mass with mg_ |' ||| |J
correction for 14 mrad beam Sﬂ;— h ‘ u ‘
crossing angle 4u M“. Hl | ||” ‘ |HJ
e | N
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€ BG: 3" order polynomial

@ signal: GPET: 5 parameters : Gaus (left-side) , Gaus + expo (right side)




. hist_recoil_stackeLpR |
recoil mass _
70—
(stacked) -

Red: 2f Z |

Pink: 4f ZZWWMix_| :
small for eRpL




statistic error of cross section os

we want to maximize significance = <S>/ sqrt(<S> + <B>)
i.e. optimize (efficiency €) x (purity m=<S>/<N>)

expected # of signal events (S) =€ * L* os (L: integrated Luminosity)
assume (B)in signal region is “known” with small uncertainty

if observe N events: <Aomeas> / <omeas> = inversely of {significance = <S> / sqrt(<S> + <B>) }

Error on efficiency = n/N binomial distr.

if detect n signal events out of N events : efficiency = n/N (assume N is constant )
staterroronn : An = sqrt(N*e*(1-€)) = An/n=sqgrt((1-g)/n) )
higher &, larger n is better

My updated results: <n>=1491 +/- 21
*£=0.69

* <n> =1491

e <An >/ <n>= sqrt((1-€)/<n>) = 1.4 % <Aomeas> / <omeas>

* purity :=<n>/sqrt(<n>+<B>) = 20.8

=1/ sqrt(<n>*n) = 4.8%



After including all BG and signal processes

added all other (possibly not relevant) signal and BG processes
signal : added Pggh, Pnnh, Pelelh (Zee), Pe3e3h (Ztr)

what did | miss ?
Events left after all cuts:
s WW_sl~ 130 oh no.......
* Pggh <~7
* Pnnh <~4
e All others ~0

Now results are (after all cuts) :
<S>=1508, sigeff=0.68, <S>/B=0.40, <S>/sqrt(<S>+B)=20.7
not that much difference



Compare different polarization scenarios

-0.8.0.3) -0.80; (0)0)

<AS» 1491 1183 1005
efficiancy 0.69 0.69 0.686
<83/ sqri{<S>+<{B>) 20.82 18.63 18.04
£8>/<B> 0.41 0.42 0.48
CASH/<8 1.52% 1.62% 1.77%

Loxa 4.800% 5.37% 5.54%



* Higgs recoil mass study using e+e- 2> Zh 2 p+p-h @ Ec.m.s. =250 GeV, L =250 fb-1
* improved data selection method

* included all other BG processes (tau related , hadronic, ect just to be sure)

« updated results:  signal € =69%, S/B ~ 0.4, S/sqrt(S+B) ~20.7

- fitted recoil mass: 125.2 GeV +/- 70 MeV

* Compared different polarization scenarios : (-0.8,0.3) vs (-0.8,0) vs (0,0)

Further Plans 1 1 1

® further optimize data selection method

» try higher statistics (L=20000 fb-1) sample only available for 250 GeV (?)

« move onsoonto analysis at Ec.m.s. = 350 GeV




BACKUP




hist_pt_sig |

PT of dilepton system 35

30

Entries 10574
Mean 46.41
RMS 13.86
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peak at about 60 GeV
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dominated by 2f Z leptonic,
many low PT ,events

| hist_pt_jackieBG2fzl hist_pt_jackieBG2fz] | hist_pt_jackieBG4fzz| | hist_pt_jackieBGafzz]
Entries 148754 &0 Entries 4903

Mean 14.29 " Mean 43.89
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|__hist_d01_jackieZH_higgs_ffh_Pe2e2h_eL.pR | e, 4t s, P oo
Entries 6445
Mean -0.01827
RMS 1.106

Impact parameter
D0/ &6 DO
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| hist_d01_jackieZH_4f_singleZee_leptonic_eL.pR | e ot 8 e e
Entries 1535
Mean 0.01723
RMS 1.157

o
(@)

4f singleZee_leptonic

For some BG processes

exceed +/- 4 slightly

do cut : |D0/ 6 D0| <4
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Cos(track angle)

hist_trackAng1_jackieZH_2f Z_leptonic_eL_pR
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How to estimate error of cross section os ?
when measuring os, we want to maximize <S>/ sqrt(<S> + <B>)
i.e. optimize (efficiency €) x (purity m)
Why ??

sexpected # of signal events (S)=¢€ * L* os (L: integrated Luminosity)
*Expected # of BG events (B) in signal region

assume <B> is “known” with small uncertainty compared to stat. error on <S>
e total # of events <N>=<S8>+<B>=¢ * L* os+<B>

if observe N events: omeas = (N -<B>) / (¢*L)
Stat error < Aomeas> = AN / (e*L) = sqrt(<N>)/(e*L)

Purity m=<S>/(<S>+<B>) =<S>/<N>
sqrt(<S>*m) = <S> / sqrt(<S>+<B>)
<N>=<S>/n=e*L* os/n

<Aomeas> = sqrt(e * L* os/m) /(e * L) = sqrt(os/€
<Aomeas> / <omeas> =1/ sqgrt(e * L* os*m) =1/ sqrt(<S>*n)

N\,

=» o0s measurement error is inversely proportional to <S> / sqrt(<S> + <B>) !!



Estimate Stat errors

Error on <n> (<S>) depend on binomial distr.
if detect n out of n events : efficiency = n/N

staterroronn : An = sqrt(N*e * (1-€)) =sqgrt(n*(1-€)) An/n=sqrt((1-€)/n)
(c.f. If nis big = Poisson distr.: 1/sqrt(n))

higher &, larger n is better

My updated results:

*£=0.66

e <n> =1422 (=<S>)

«<An>/<n>= sqrt((1-€)/<n>) = 1.6% > <n>=1422+/-23

purity : sgrt(<n>*mt) =<n>/sqrt(<n>+<B>) = 20.6
Error of cross section <Aomeas> / <omeas> =1 / sqrt(<n>*n) = 4.9%

dependent on sample size - try higher statistics
Now integrated L = 2000 fb-1

os =<n>/(L*€) = 1422/2000/0.66 =1.077 fb



good track selection

dP/P?

Usedto do cut: dp/p? < 5E-5

i skl jacsdalen M T kpisaic sl pA

| hist_track1_jackieZH_2f Z_leptonic_eL.pR
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correlation between Cos(track
angle) and dP/P"2

| hist_trackCorr1_jackieZH_2f Z_leptonic_elL_pR
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cosine of track angle

| hist_trackCorr1_jackieZH_4f ZZ_leptonic_eL_pR |
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| hist_trackCorr2_jackieZH_2f Z_leptonic_el_pR

correlation between PT and dP/P"2
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|_hist_recoil2_jackieZH_2f_Z_leptonic_eL_pR | i i 2 et o
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example dagrams
for BG process for
Zmumu




mass_recoill |

mass_recoill
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recoil mass distribution for some BG processes

| hist_recoil_jackieBGafwwl |
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This may be catising high energy BG in combined histogram
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