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The Gfitter project fitter

¢ Gfitter: A Generic Fitter Project for HEP Model Testing

¢ Aim: provide a reliable framework for involved fitting
problems in the LHC era (and beyond).

¢ Software:

= abstract object-oriented code in C++ using ROOT functionality

= Core package:
d tools for data handling, fitting, statistical analyses
= physics: plug-in packages

» GSM: Library for the Standard Model fit to the electroweak precision data
(this talk)

» G2HDM: Library for the 2HDM extension of the SM (this talk)
B GSUSY: Library for supersymmetric extensions of the SM (in preparation)
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The Gfitter project fitter

¢ Cfitter features:

consistent treatment of statistical, systematic and theoretical
errors, correlations, and inter-parameter dependencies

b theoretical uncertainties: Rfit prescription [a Hocker et al., EPJ €21, 225 (2002)]
— theory uncertainties included in y? estimator with flat likelihood in allowed ranges

fitting:
B several minimization algorithms available, default: TMinuit
caching of computation results between fit steps

d only theory predictions are recalculated that depend on modified parameters
B substantial speed improvement

advanced statistical analyses:
B e.g. parameter scans, contours, MC toy analyses, goodness-of-fit p-value,

¢ More detalils:
Gfitter homepage: http://cern.ch/Gfitter
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Electroweak fit: theoretical predictions fitter

SM

¢ First theoretical library implemented in Gfitter framework:
SM predictions of electroweak precision observables

¢ State-of-the art calculations (OMS scheme); in particular:
M,y and sin?6'_: full two-loop + leading beyond-two-loop correction

[M. Awramik et al., Phys. Rev D69, 053006 (2004 and ref.][M. Awramik et al., JHEP 11, 048 (2006) and refs.]

radiator functions: N3LO of the massless QCD Adler function

[P.A. Baikov et al., Phys. Rev. Lett. 101 (2008) 012022]

¢ Calculations and fit results thoroughly cross-checked against
ZFitter (Fortran) package — excellent agreement

¢ Free fit parameters:
Mz, My, my, Aapo®(Mz?), ag(Mz?), mg, m,
parameters for theoretical uncertainties on M, (6M,,=4-6GeV),
sin?6' . (8sin?0' =4.7-10-°) (and the electroweak form factors p,f, k)
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Electroweak fit: experimental input

fitter

SM

Parameter Input value
Mz [GeV] 91.18754+0.0021
I'z [GeV] 2.4952 4+0.0023
Gy [nb] 41.540 £0.037
RY 20.767 +£0.025
Apg 0.0171 £0.0010
Ay ) 0.1499 £0.0018
Ac 0.670+0.027
Ap 0.923+0.020
Arp 0.0707 +0.0035
App 0.0992 +£0.0016
R? 0.1721 £0.0030
R 0.21629 +0.00066
sin0.;(Orn) 0.2324 +£0.0012
My [Gev] ©) Likelihood ratios
My [GeV] 80.398 £0.025
I'w [GeV] 2.106 £ 0.050
. [GeV] 1.25+0.09
my [GeV] 4.20+£0.07
ny [GeV]

(3) 2y (T4
Aoy (Mz) T4

o (M)

172.4+1.2 -

2768 £ 22

¢ Usage of latest experimental results:

Z-pole observables: LEP/SLD results [abLo+sLb, Phys. Rept.
427, 257 (2006)]

M,y and I',: weighted mean of LEP + Tevatron [aoLo, hep-

ex/0612034] [CDF, Phys Rev. D77, 112001 (2008)] [CDF, Phys. Rev. Lett. 100, 071801
(2008)] [CDF+DO, Phys. Rev. D 70, 092008 (2004)]

m,, M. world averages [ppG, J. Phys. G33,1 (2006)]
m,: latest Tevatron average (cor+po, this conference

A(X.ha (5 )(MZ [K. Hagiwara et al., Phys. Lett. B649, 173 (2007)] + Gfitter
resca?ng mechanlsm to account for ag-dependency

¢ Fits are performed in two versions:

Standard fit: all data except results from direct Higgs
searches

Complete fit: all data including results from direct
Higgs searches at LEP and Tevatron

[CDF+DO0: arXiv:0804.3423]

ITR =T

[ADLO: Phys Lett. B565, 61 (2003)]

= Tevatron Run 1T Pﬂeﬁnmmru
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Electroweak fit: fit results

fitter su

p.qzllll!lllglISMuEI_OI0
Convergence and naive p-values: Iz ' |03
: Chad -1.7
standard fit: y?,,=16.4 — Prob(y?,,13)=0.23 R .
complete fit: ¥2,,,=17.9 — Prob(y?,,14)=0.21 A% ~0.7
A(LEP) 0.4
Pull values of standard fit: A(SLD) 1.7
. o lept

no value exceeds 3c S e (iF;Z I S ‘1°:
known tension: leptonic and hadronic 2 | 2
asymmetries A e
: ) 10,0028 Ay m os
ag from complete fit: | &s(Mz) = 0.11947 557 +0.0001 Rl oo
first error is experimental fit error LTI T L O
I Ao (M| . |00
second error due to missing QCD orders: m,l  m |7
» incl. variation of renorm. scale from M./2 to 2M, T 0 |-03
and massless terms of order/beyond a5°(M,) and m,| 00
massive terms of order/beyond ag*(M;) m, |00
excellent agreement with recent N3LO result from . | | | 0.1

T decay [M. Davier et al., arXiv:0803.0979] 3 -2 .10 1 2 3

(ofit - Qneas) / Omeas
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Electroweak fit: results on M, SM
5, 10 ‘ Co

. T ol s i/ ] S fitterlsfi T,

¢ M, from standard fit: : g E
= central value +1c: |[My = 80733 GeV 7| E
= 2o interval: [39, 156] GeV 6 f ‘ E
. 5 F u_IJ {

= 3o interval: [26, 210] GeV DI IIIIs EN
= theory errors with Rfit scheme 3 ) Theory uncertainty
—smaller ny and smaller y?_.. 2 ' —E::;n;l;c:;;%tt:e;ryyzrrrg;—:

18 e S e 7 A T — 1o
. ) 0 15|D 2(|)D 25‘0 -
¢ M, from complete fit (i.e. incl. direct My [GeV]

Higgs searches): L < e/ Bfferls
= 2 interpretation of search results: . = ' E
deviation of log-likelihood-ratio in 7 =
data and (S+B) hypothesis. 6 § E
» central value +1c: My = 1207 GevV  ° - — Fitncl theory errors

» 2cinterval:  [114.4, 144] GeV : 3%
= conservative CL-like interpretation 2 > imorpretation E
: (17421 LAY EECLinerpretation E

¥ central value +1c: My = 11775 GeV 1 7 S o

¥ 2c interval: [114.2, 154] GeV % 100 120 140 160 180 200 220 200 zo0 280
M, [GeV]
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Electroweak fit; 2-dim results

: ; : = 190 :
¢ Gfitter allows 1-dim, 2-dim scans 5 ™ Bffear
and contour plots 3 i

¢« 3 different types of fits:

= indirect (i.e. excluding the
respective measurements)

= including the measurements

= including in addition the results
from direct Higgs searches

1o band for m,,, WA

68%, 95%, 99% CL fit contours incl.
m,,, measurement and direct Higgs searches

68%, 95%, 99% CL fit contours incl. m.. WA

| | | | 1 | | ‘ | | 1 1 ‘ | | | | | 1 1 | |
50 100 150 200 250 300 350

= 80.55 T i M, [GeV]
@ - 1o band for m,,, WA ]
% 80.5 ;_ 68%, 95%, 99% CL fit _:
= - contours incl. My, m, .
8045 L4 band for M, WA \ S i i i
- — = @ Indirect fit results agree with
80,4 N 0y .
- "g = = experimental values
80.35 — &% . .
aosé : 1 @ Results from Higgs searches
= 68%, 95%, 99% CL fit = SlgnlflCantly reduce the allowed
80.25 e contours excluding M, m,__ §3°f,, I\s,alvsv*’/o, 99%;_' CL fit conttralurs :
ok M Py Hie seashes parameter space.
- Efitter-./f | .
SRR RSN ERVENEEN AU A ' 1 P EUTEE ENUNR AR I
8l:'-15150 155 160 165 170 175 180 185 190

m,,, [GeV]
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fitter su

Electroweak fit: statistical analysis

using m=172.6+1.4 GeV | [arxiv:0803.1683]

(] fitter [

¢ Gfitter allows statistical analysis of
fit results

—#— Toy excl. theo. errors

—— Prob(.) excl. theo. errors

— = Prob(.) incl. theo. errors

‘-‘ ---- Prob(.) incl. Higgs searches

.,
oA
o

¢ Example: study of the Gaussian
properties of the Ay? estimator

= good agreement of CL from MC

) i i S e 110
toy with Gaussian approximation R
using Prob().  BEZ i N 52
180 160 180 | 200
M, [GeV]
¢ Example: evaluation of p-value of §m—_ .. Siteri-

SM fit
= MC toy with 10000 experiments.

=1}
|-
Q

— 2 distribution for n, =14
= Toy analysis incl. theo. errors
[ | Toy analysis excl. theo. errors

0.6

Number of toy experiments
3
Q
[ =]
[+}
p-value for (data|SM)

o IIII|IIH‘\H\‘III\‘HH‘IIII“I\"\

= good agreement with ideal y?2 400
function 300 .
= result 2°° . pvalue 20220 -0.004
p-value (data|]SM) = 0.220 +0.004 _¢ 029 100 “p-vaite T 09917 b.004 %2
0 25 30 ;; I40I45¥250
min
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Electroweak fit: prospects

fitter su

) Expected uncertainty
Quantity

. Present LHC ILC GigaZ (ILC)
LHC’ ILC (+G|gaZ) My [MeV] 25 15 15 6
: my [ GeV] 1.2 1.0 0.2 0.1
EXP. |mpr9vement on sin’0L [1077] 17 17 17 1.3
MW’ m, S|n29'eff, R|0 R [1072] 2.5 2.5 2.5 04
Ao (M3) [107] 22 (7) 22 (7) 22 (7) 22 (7)

i 5 2
Improved Aahad( )(MZ ) — 19 | 56 (453 [+39 F46 (+42) 430 £40 436y [+24 £26 420\ [+8
(5) 5 Mp(= 120 GeV) [GeV] fa (539) [531] 35 (53) [£35] 3 (59) [I3 £33 (53%) [Ls]
needed, e.g. G(Aahad )"“7 10 os(M3) [1074) 28 28 27 7

[F. Jegerlehner, hep-ph/0105283]

[ATLAS, Physics TDR (1999)][CMS, Physics TDR (2006)][A. Djouadi et al., arXiv:0709.1893]
[I. Borjanovic, EPJ C39S2, 63 (2005)][S. Haywood et al., hep-ph/0003275]
[R. Hawkings, K. M6nig, EPJ direct C1, 8 (1999)]

F|tS [A. H. Hoang et al., EPJ direct C2, 1 (2000)][M. Winter, LC-PHSM-2001-016]
- o 10 = T T T Wl T T
2 E x .. 3

not used: ag, M,; measurements o | A A —3%
5l i =
assume M_=120 GeV 8 ‘Y S -
Y U $ .‘:oc’ _;
improvement of M, prediction ] ‘& E
» to be confronted with direct 5 g 3

measurement - goodness-of-fit PRI ¢ SO N A S A =
» broad minima: Rfit treatment of 3 Al rospective scenarios -
theo. uncertainties 2 e =

GigaZ: significant improvement Nl /A EL
" g PR RO H AT N TNN N NNENN N WE N T N M

for OLS( MZZ) 50 150 200 250 300 350

M, [GeV]
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2HDM fit: experimental input and theory fitter |om

Implementation of 2HDM (Type-Il) as first extension of SM

2HDM (Type-Il)

additional Higgs doublet

one doublet couples to u-type, one doublet couples to d-type quarks
6 free parameters — M, , M,,, My,, M, tanp, |a

so far: only looked at processes sensitive to charged Higgs

— M,,, tanf3
observable input value exp. ref calculation
R, 0.21629£0.00066 | IAHO, v reptazr. | e taberand e
015011 (2000)]

BR (B—X.y) (3.5240.23+£0.09)-10* | [HFAG. latestupdate] [N'Le'\t"t's'gaSk o ;(‘)'62"?23&5)?"-
BR (B—>rv) (1 41 10_43)_ 104 [HFAG, latest update] [W. S. H%LZZP(P?L)S/)SS.BR)]EV. D48,
BR (B—p) 171078 90% CL | plfitiny | B
BR (K—puv)/ BR(n—pv) 1.004+0.007 ar)[g\l/?c\)/é%ﬁg,ﬂ] [FlaviaNet, arXiv:0801.1817]
BR(B—Dtv)/ BR(B—Dev) 0.416+£0.117+0.052 [Babar, Phys. Rev. Lett [J. F. Kamenik and F.

100, 021801 (2008)]

Mescia, arXiv:0802.3790]
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2HDM fit; fit results

¢ Overlay of individual 95% CL
excluded regions

= assuming ny,~1 and 2-sided
limits

¢ Combined fit:

= excluded area depends on
assumptions (ny,~1, ny,~2)

= resolved by MC toy study

= 2-sided limits

= x%nin=2.3 at M;=850 and tanf}=10

¢ Excluded at 95% CL:

= small tanp
= for all tanf3
» M, <240 GeV
P M, < (8.6 tanp) GeV

M,,. [GeV]

M,,. [GeV]

fitter i

700\\||‘\|\\‘|\ [T T T
: oH |z
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I B (B Xy)
B B (B —1v)

500 [/ B(B— Dtv)/B (B— Dev)
— =B(K—>pv)/B(n—nv)
a0l T B (B —pv)
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AT X OO LEP 95% CL exclusion
- =

0. 0.9.9. 009 9.0.0.9.9.0.9 0.0.0.9. 0.0.9.9.9.0.9.0.09.9.9.0.9.9.
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A"V e s s s B
|:| 68% CL exclusion from MC toy
[[] 95% CL exclusion from MC toy
[ 99 CL exclusion from MC toy
«---95% CL for Prob(sz,ndnf=1)
—— 95% CL for Prob(sz,nd°f=2)

600

500

400
300
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Summary fitter

¢ Gfitter is a new SW framework for involved fitting problems

¢ First theory package: Revisit of the electroweak fit of the SM
latest theoretical calculations and experimental results
advanced studies of the statistical properties of the fit
inclusion of direct Higgs searches

¢ Example for SM extension: 2HDM (Type-II)

¢ Future steps:
publication of results expected soon
continued support for SM and 2HDM fits: http://cern.ch/Gfitter
implementation of more theories, e.g. supersymmetric models
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Back-up slides
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Additional results of the electroweak fit

Pull values of complete fit

||]||'|[1||1|'||l|'||]||‘|[||”|'| ReSUItS for MH in the Standard fit
m | [Efitter |..{ 0.1 : e
I O O DR B excluding all sensitive observables,
o | 17 except for the one given.
Riep -1.0
Ag‘é _0.9 T T T LN L | T T [ L |
A(LEP) 0.2 AI(LEP) [ fitter [o - 130 +232
A(SLD) -2.0 I $ s )
S0,y (@) 07 A(SLD) o 28*3
Al ' 0.9 SR 1 ) N -
AE |25 0,b . , +567
A, [ : 0.1 Arg ___________________________________ ' __________________ 443
A, ] : 0.6 +40
RO ; 0.0 M . _______________________________________________________ 93 39
o = 7 Standard fit —— 803
Ad,,(M?) N : -0.3 i RN N T
My| |14 6 10 20 10 2x10? 10°
Ty O 3 -0.3
m| o M,, [GeV]
m, : -0.0
m, B : 0.4
II_3II|ﬂzllll_;lllullll-lllllzllllI3|I
(oﬁt - Qneas) / Omeas
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Additional results of the electroweak fit

N?<10

———
. <] & fi 5M
¢ Comparison of standard PP 0 L ER
treatment of theoretical j E
uncertainties with Rfit 6l =
treatment 5 E
. . 5 2 aeN o a  SSS 20
@ 2-dim scan: Ao, 4®(M,?)-M,, . . E
. . Theory uncertainty 3
¢ p-value of the SM fit for fixed 2 A
values of My, (using m=172.6+1.4 ; I
GeV) [arXiv:0803.1683] 150 200 zn:: (GeV]
— ,0.033 p T
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 1o ‘"—"gg LHise 68%, 95%, 99% CL fit contours incl. Ax'>, d(M;)E
[ ] Toy analysis (1c error band) 0.031 =
0.03 [ é
___________________________________________________ 25 68%, 95%, 99% CL fit contours incl. .
5 0.029 [} A“(h?d(mi) and direct Higgs searches {
% 0.028 15 band for Ad,, (M) %
g 0.027 é
E 0.026 5
A S S S T NS R R | I,
150 200 250 0.025 e e ‘
50 100 150 200 250 300 350
My [GeV] M, [GeV]
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