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Current Status & New Activities

€ analysis done for Z->mumu channel at ECM = 250 GeV, 350 GeV, 500 GeV
- results summarized last week
comparisons made between ECM and polarizations

@ reform of analysis codes (~ finished after 1 month)

& studied effect of uncertainty of BG statistics on xsec error

¢ analysis for Z->ee channel at ECM = 250 GeV, 350 GeV

discovered that GPET should not be used reliably for Zee anymore
(details coming up)
=» Making transition to using Kernel estimation function




Compare of results between alternative ECM and polarizations

Ecm=250 GeV Ecm=350 GeV Ecm=500 GeV

(-0.8,+0.3) 3.5% (-0.8,4+0.3) 4.1% (-0.8,4+0.3) 6.1%

(+0.8,—0.3) (+0.8,-0.3) (+0.8,-0.3)

Current ( April, 2015)

xsec precision is improved by 17%

from AWLC 2014 (@Fermilab)
for ECM=350 GeV Pol (-0.8 + 0.3)

& ECM=250 GeV has 17 % better xsec precision (w.r.t. 350 GeV)

higher statistics, better momentum resolution = sharper recoil mass peak

¢ Pol (+0.8, -0.3) has 10% worse xsec precision

although WW BGs significantly suppressed (higher S/B ratio), statistics is lower
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4 0 .
At last week s meeting, I received — 7304

comment about BG statistics Mean 135.1

RMS 12.18
_I_ x2 / ndf 13.58/16

. height 615.6 + 84.8
major residual BG have large weights - i mean  126.4 +0.9

+ e
Investigated error of # of BG based on
binomial distribution
0 € =sqrt(e (1-€)/N)
N: # of generated events

for 500 GeV,

(c.f. Poisson error sqrt(NBG) ~ 1%, But not appropriate for small statistics)
 even larger error for some major BG processes (4f_sl, 2fl)

e for 250, 350 GeV, binominal error < 1%, a little less than Poisson error.



[ changed the BG level in Toy MC study to test the effect
of BG uncertainty on xsec error

» for 500 GeV, only 1.2% effect if BG change by 4.4%
*only 2.5% even if BG change by as much as 10%
» effect on xsec error is very much negligible for 250 GeV and 350 GeV

Toy MG
2o00GeV

noeminal BG B+ 1% Lt B + 4% Lot B+ 10% Dot
KSEC BFFOF 3.29 3.29 0.21% 3.31 0.76% 3.35 1.86%
relative)
350 GeV

nerminal BG + 1% (it BG + 4% (it BG + 10% (it
XSEC SFFOF 419 420 0.19% 422 0.74% 427 1.93%
(relative)
200 GeV

nominal BG + 4.4% Diff BG + 10% Diff
KSEC EFFOF 6.46 6.04 1.24% 6.62 2 48%
relative)

similar results if float BG normalization in Toy MC




First results for Z-> ee channel analysis

* For Zee, due to bremsstrahlung |,
(left side of GPET)
even if brem recovery is implemented

. , even for statistical error study

for 250 GeV, maybe still OK (?)
* problem gets serious for 350 GeV
(also issue of interference with ZZ fusion process xsec increasing)
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combined stat error of both leptonic channels

250 GeV;
(Zmumu: 3.3% and Zee: 3.6%)
(fix BG in Toy MC)
(Zmumu: 3.4% and Zee 4.9%)
(float BG)

390 GeV:
(Zmumu : 4.1% and Zee: 7.4%)
(float BG)
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Conclusions

Checked effect of BG statistics on xsec error

first results for Z=>ee channel

realized limitation of GPET for Zee at 350 GeV
analysis code has been improved for better efficiency

Plans

analysis for Z->mumu and Z->ee channel at ECM = 250 GeV, 350 GeV, 500
GeV using Kernel estimation function

combine both leptonic channels for a reliable estimate of statistical errors at each ECM
€ also do analysis for ZZ fusion process

€ study systematic errors




BACKUP
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Feduction Table - = R — - - -

process  : 261 26h b1 afst 4tk B UM Signal  Sioef
Cross Section :  33BA.6 38107  APL0B  1S0.1 125610 1pMOT8 230785  w.242
Genersted  :  4.00006e+B5 2.8i5c+05 3.0BB01e+06 5.3064e-05 2.70846e+06 1.03875e+07 68024 20428
Epected  : 1.1157esd7 1.28574e+d] 1.63206e+06 4.B2853e+D6 4.183110+06 3.46581e:07  7982.10 341131  0.570387
wo 1.56517e+05  74.2882 150518 GO260.6 112676 1.7503esB6  A7AL27 256647 L0141
Cotl ¢ 1.16873esB5 742882 111383 48005 11.2676 1.32820es05  2577.83 256167  2.252
E;;E___-____-___-:___- ;E?E?; -ﬂ?.EEES -__;;;;;T; -3384;.? ) 3.;;;;; _____ 551;35 ) 22;2.91- -__55;;__- 2.;5512- i
ct3  : 3TBE 47.6625  49S02.2 27710 306336 413117 2238.00 221028 3.42063
cotd o+ 230857 380425  33@S.5 224847  1.68705 285847 2085.73  2082.20  3.88057
Cots o+ 20030 380425 325702 21271 L.6ET86 274108 207I.B9 207445 .06T4
E;;;_____________;____ E;ﬂﬁﬂ.i _33.9525 _____ ;Eéég _21215.2 ) l.gé;;; _____ 148533 ) EE;E.EE_ Eé%i?gi___ 5.;3551_ .
E;;;_____________;____ 45391.; _23.3;55 ___Eié;éT; _ 12;3T _ ____; _____ ?EEE;.Q _ lggﬂ.dl_ EBEQT;;___ 5.53938_ .
cote o+ 4w.07 B 390067 GOB.8 0 MBS 153305 153217 12.0820
ot o+ mer.e2 B 892 32 B T0SB.B2  1206.78  1206.77 132735

Cutld ! o4z, Ta6 a 570, 202 D4, BEG a8 2586, 86 BSO. 830 BSO, 830 14.BREG




Cross Section i 3B177.2 TBEB4E.5 5655.66 18358.1 167589.7 157877 31.7221 18.5174

Generated i 5.76094Be+86 3.17320e+06 3.14632e+86 4.08705e+B6 2.74284e+86 1.9B106e+B7 BEO4E 38756
E;;;;E;;_________: 89.54431e+B6 1.95116e+B7 1.41391e+B6 4.59852e+06 4.19993e+86 3.926093e+87 7938.54 2728.34 @.435488
E;E;_____________: 2.5450%e+06 221.59 22308859 73635.1 4.57566 2.B84285e+@6 4B825.89 2486.51 1.42605
E;EI ______________ 1.92046e+06 221.59 161885 58138 4.57566 2.131BZe+@6 2417.64 2483.33 1.6451
E;EE ______________ BB2248 149.727 G5861.4 364588.1 2.38532 BoET52 2328.52 2388.27 2.38704
E;E; ______________ 419821 69,2302 46128.3 25465.8 a 4891476 2239.46 2236.27 3.18263
E;E; ______________ 367383 57.5536 3B357.4 15471.4 a 425328 2235.65 2232.46 3.41418
E;E; ______________ 188546 57.5536 3B@24.3 15414.1 a 166442 2234.27 2231.23 5.43273
E;E; ______________ 66189.5 57.5536 37622.4 15314.4 a 123184 2228.86 2225.82 b. 28721
E;E; ______________ 27381.2 46.7425 2B376.89 12826.5 a 6BEG31.4 2865.14 2866.11 T.77836
E;Eé ______________ 7574.78 1.745085 11273.2 T872.55 a 26B22.3 1873.87 1871.4 11.8472
E;E;_____________: 5336.31 1.745085 BT727.85 4683.21 a 18749.2 1B67.4 1B864.83 12.9B76

Cutl®d i 1735.48 a.874544 3692.56 1582.16 a 6935.48 1685.36 1684.43 18.1417
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BG level fluctuation
Is controlled by
fitting recoil mass

over a wide range
(100 - 160 GeV)

This is an improvement
from previous studies

* BG level is usually fixed for Toy MC (optimistic scenario)

xsec error is about 10 % worse if we float BG (pessimistic scenario)
not a big degradation since I fit recoil mass spectrum over a wide range

GOOD

A o/0 (fix BG) A 0/ 0 (float BG)
—



Measures were taken to prevent signal bias i.e. Higgs decay mode dependence

« the “traditional” dptbal (= |Ptdl| - |Pt, 7|) cut
for removing 2f BG (¥ back—to back w.r.t. di—lepton)
used to be a concern for signal bias (esp. H> 7 7,H> rr)

* ijsolated photon finder:
confirms almost all ¥ we look at have small cone energy) i.e. not from Higgs decay

- ] Entries 83992
v J distr. of Pt>sum poan 991
C ‘red: 2f Z BG
T -Blue: Higes .
- | Now use Bl  [BgtBa
EA ot (instedd of dptbal)
oil Pt_sum <10 GeV contains info on vector direction
- | to s?ngle out back to back events
U.US:—
0 0 20 40 60 80 I‘IDUI I12':]I 140 I‘IELUI



Owing to the improved data selection methods,

Higgs decay mode dependence is minimized

Shows effect of isolated }y finder

total signal loss due to Pt_sum < 10 events overall distr. of PDG of 7 parent |PR
:_Most of the time, Entries 10189
out of this C no photon Mean  22.89
: i 25. RMS  3.097
events with 7 from Higgs decay < 1 N . '
Y gg Yy - 22: ISR Higgs decay
for any ECM, polarization s <1% \ <1%
of- /
distr. of 2 =l P +p E_+/— 13 FSR(u)
t,sum t,9 t,dl B I
0I1_ f I 0: I 1 I 1 | 11 | 111 111 | 1 1 | 111 | 111 | 111 | L1
i Entries 12 14 16 18 20 22 24 26 28 30 32
L 10 C;?.eV Mean 67.-
008~ RMS 32
i Evefnts with .
0os- ISR 7 Eyents with y|from
B \ Higgs decay
i L /
0.04—
0.02:— no Higgs decay mode bias caused by Pt sum cut
0 N nil | | L B | 1 | 1 |1é0| 1

0 i 20 40 60 80 100 120 140
Pt_sum [GeV]



Research Plan

(ongoing and in near future)

€ recoil mass study using leptonic channels
e+e- 2 ZH - p+p-H  (e+re-H)

at alternative
center of mass energies (ECM)
and beam polarization

Higgs recoil against di—lepton system 7

ﬂ’ifi- = {P{’_L’L-f - [p,u'i' +p#‘:]]

Goal:

precise model-independent measurement of absolute Higgs cross section

a “must—have” for measurement of total Higgs width and Higgs couplings

- study impact of ECM and polarization on precision of 0 ,, and m,
=>» contribute to decision for ILC run scenario




Data Selection Method

Signal sighature

a pair of isolated energetic muons with

di-lepton invariant mass (M . ) close to Z mass

M-

2
M% = (pem — (Pu+ +Pu-))
Recoil mass

Dominant backgrounds

cete-2>7ZZ~> p+p-X :  forward Z production angle

cete-2>yYZDy Mt - energetic y, pt balanced with di-lepton

ete-D>WW> p+p-vv: broadM,,, distr.

recoil mass effective for cutting BG




Muon Candidate Selection

opposite +/— 1 charge
E_cluster / P_total < 0.5

isolation (small cone energy) Optimized in terms of signal significance and

Xsec measurement precision
- removes nearly all 4f WW_s| BG

definition

* M_inv :invariant mass of 2 muons
cos(track angle) < 0.98 & |D0/6D0| <5 « pt_mumu : pt of reconstructed muons
* pty: ptofmostenergetic photon
* 0 _Zpro =Z production angle

Minv closest to Z mass

Final Selection

*73< GeV< M_inv< 120 GeV

* 10 GeV < pt_mumu < 140 GeV » Use info of cone energy around most
energetic gamma

0]
. ‘ ‘Ptsum Pt,g+Pt,dl‘ >10 GeV - cut 2f Z BG using info on pt_Y while
prevent bias on signal

* |cos(0_Zpro)| <0.9

*120 GeV < Mrecoil < 140 GeV

ECM=350 GeV, (-0.8,+0.3) similar methods for other ECM and polarizations

e Likelihood cut ‘




sig aff

Nsig Mbg S/B ratic  significance (before Mrec)
Ecm=350 GeV Performance of
(-08+0.3) 1172 2068 0.57 20.6 51% (B3%) data selection
(+08-03) 776 774 1.00 19.7 49% (83%)
Ecm=250 GeV
(-0.8+03) 1579 2831 0.56 23.8 61% (72%)
(+08-03) 1182 1182 1.00 243 68% (72%)

original aftar after final
dominant BG after pol: (=0.8+0 3'.: in‘i"- mass F.'LELI"" cut
final selection pt.dl cut
(Mrec 120-140 GeV + EESFRFY 2288 2004 2003 1172
Likelihood cut)
Bal ; ] 5 af 27 sl 188125 16962 16824 8H9
di:ae';::n SRR i 7owwMix] 541187 19295 19225 125
Al 2227000 85335 21248 269
4F WW s 2732980 17 17 0

Isolated lepton finder




Toy MC study results
Fitted Higgs mass

Statistical error (RMS) is :
105 MeV (0.08%) for ECM=350 GeV

and

39 MeV (0.03%) for ECM=250 GeV

systematic bias of fitted mass still
need to be studied
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. . hist il_all
recoil mass fitting method Fit range: 100-160 GeV hist_recoil_all
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 Fit signal with GPET
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Gaussian Peak with Exponential Tail

« Fit BG with 3" order polynomial
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€ SIGNAL: GPET: 5 parameters : R O mass [GeV)

a B xl’nean é

8 S £k5 Gaus (left—side) ,

u
G
¢

Gaus + expo (right side)

021:] ‘I' xR - xmean G;J
_E%+(1- b) expi - kgT%exp(k2 /2)

Toy MC study Toy MC 10000 seeds s 52,3:“3; recoi all “'1‘1‘,,}:;

RMS 16.68
o o o C 2 [ ndf 373.7/338
goal: test quality of fitting method T height 7748+ 349

mean 125.6 + 0.1

evaluate xsec precision
method:
generate MC events according to fitted “real” data

(Poisson distr.)

fit MC hist with same function as “data” = get Nsig, O S S |

recoil mass [GeV]




hist_recoil_all

hist_recoil BG
_ Entries 3384
Sig + BG (blue) Mean 162.1

BG only (pink) M 1000 ig
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]
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Fitting over a wider range 115 — 225 GeV

Better xsec error inthiscase ~ 5%
we can still achieve this if we use the appropriate fitting function (?)



Sig + BG (blue) hist_recoil BG hist_recoil_all , _ _
Entries 3384 — hist recoil BG
. Mean 135.6 ntries 4211
BG only (pink) Mo 12558 Mean 13256

2o iy RMS 11.91
2/ ndf 18.78/19 10.82/13

8

no. of events

p0 9198 T A8 390 3 3
p1 2 1. .
p2 -1.462 £1.137 2 -0.01 +0.99815
p3 0.003487 £0.002744 - . 5.971e-05 + 2.398e-03
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Many challenges
Fitting over a wider range 115 — 225 GeV * lower signal cross section

* signal peak buried in BG

From Toy MC study, *Difficulties in fitting

500 GeV xsec error 6— 8% Zmumu signal xsec
«250 GeV : 17.14 fb

«350 GeV: 1131 fb
«000 GeV: 5.679 fb
(~ 1/2 of 350 GeV, 1/3 of 250 GeV)



